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Abstract:

Bacground: Rat CYP2C11 (besides CYP2C6) can be regarded as a functional counterpart of human CYP2C9. The aim of the pres-

ent study was to investigate the influence of classic and novel antidepressant drugs on the activity of CYP2C11, measured as a rate of

testosterone 2a- and 16a-hydroxylation.

Methods: The reaction was studied in control liver microsomes in the presence of antidepressants, as well as in microsomes from

rats treated intraperitoneally (ip) with pharmacological doses of the tested drugs (imipramine, amitriptyline, clomipramine, nefazo-

done – 10 mg/kg ip; desipramine, fluoxetine, sertraline - 5 mg/kg ip; mirtazapine - 3 mg/kg ip) for one day or two weeks (twice

a day), in the absence of antidepressants in vitro.

Results: The investigated antidepressant drugs added to control liver microsomes produced certain inhibitory effects on CYP2C11

activity, which were moderate (sertraline, nefazodone and clomipramine: Ki = 39, 56 and 66 µM, respectively), modest (fluoxetine

and amitriptyline: Ki = 98 and 108 µM, respectively) or weak (imipramine and desipramine: Ki = 191 and 212 µM, respectively).

Mirtazapine had no inhibitory effect on CYP2C11 activity. One-day exposure of rats to the antidepressant drugs did not significantly

change the activity of CYP2C11 in liver microsomes; however, imipramine, desipramine and fluoxetine showed a tendency to di-

minish the activity of CYP2C11. Of the antidepressants studied, only desipramine and fluoxetine administered chronically elevated

CYP2C11 activity; those effects were positively correlated with the observed increases in the enzyme protein level.

Conclusion: Three different mechanisms of the antidepressants-CYP2C11 interaction are postulated: 1) a direct inhibition of

CYP2C11 shown in vitro by nefazodone, SSRIs and TADs; 2) in vivo inhibition of CYP2C11 produced by one-day treatment with

imipramine, desipramine and fluoxetine, which suggests inactivation of the enzyme by reactive metabolites; 3) in vivo induction of

CYP2C11 produced by chronic treatment with desipramine and fluoxetine, which suggests their influence on enzyme regulation.
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Introduction

Cytochrome P450 2C11 (CYP2C11) is the most abun-

dant male-specific isoform of CYP, which comprises

approximately 50% of the total hepatic CYP in the

adult male rat [40]. CYP2C11 is involved in the

metabolism of benzphetamine, aminopyrine, ben-

zo(a)pyrene, antipiryne, aflatoxin B1, R-mephenytoin

and S-warfarin [21, 32]. Moreover, CYP2C11 medi-

ates the hydroxylation of some endogenous steroids

such as, e.g., testosterone and androstenedione, the
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epoxygenation of arachidonic acid and the hydroxyla-

tion of vitamin D [4, 37, 39]. The 2a- and 16a-

hydroxylation of testosterone is used as a marker re-

action for studying CYP2C11 activities in rats [40,

46]. The CYP2C11 isoform is inhibited by cimetidine,

diclofenac, ethanol and inflammatory mediators [3,

24, 26]. The expression of CYP2C11 depends on

pulsatile growth hormone (GH) secretion of the

proper frequency, duration and amplitude of the pulse

[1, 34]. At a molecular level, CYP2C11 is regulated

by GH via the Janus kinase 2 (JAK2)-signal trans-

ducer and activator of the transcription 5b (STAT5b)

pathway [6].

Rat CYP2C11 (besides CYP2C6) can be regarded

as a functional counterpart of human CYP2C9.

CYP2C11 exhibits a 77% homology of the amino

acid sequence, some substrate preference and a func-

tional analogy with human CYP2C9, which catalyzes

the metabolism of such clinically important drugs as

S-warfarin, phenytoin, ibuprofen, diclofenac, tolbuta-

mide and antidepressant drugs, as well as steroids and

arachidonic acid [2, 4, 32, 38]. However, the

CYP2C11-specific reactions in rats, i.e., the 2a- and

16a-hydroxylation of testosterone, are catalyzed by

CYP3A4/5 (2a-hydroxylation) and by CYP2B6,

CYP2C8/9 and CYP3A4 (16a-hydroxylation) in hu-

mans [29].

Previous studies showed that besides the direct ac-

tion of psychotropic drugs on CYP, i.e., the binding of

a parent drug to the enzyme, the indirect mechanisms

of CYP-psychotropics interactions yielding CYP-

reactive metabolite complexes and influencing en-

zyme regulation were also very important [9]. How-

ever, there are only a few data on the effect of antide-

pressant drugs administered in clinical conditions (or

simulating clinical conditions) on the activity of cyto-

chrome P450. Warrington [45] suggested induction of

human CYP by sertraline, expressed as an increase in

antipyrine clearance by the antidepressant, the former

drug being metabolized by many CYP isoforms

(CYP3A4, CYP1A2, CYP2C9). It was shown that

chronic treatment with pharmacological doses of

some tricyclic antidepressants (TADs), selective sero-

tonin reuptake inhibitors (SSRIs) or nefazodone af-

fected the activity and protein level of CYP2B,

CYP2C6, CYP2D and CYP3A in rat liver [11, 12, 17,

18]. Moreover, imipramine given to rats in high daily

doses (100 mg/kg po once daily) for 5 days increased

the rate of CYP3A specific reactions, i.e., the 2b- and

6b-hydroxylation of testosterone [27].

On the other hand, some earlier studies showed that

tricyclic antidepressants and fluoxetine formed reac-

tive/intermediate metabolites, which irreversibly inac-

tivated a few CYP isoforms (CYP2C11, 2D, 3A, 2A).

Such an effect was observed during prolonged incu-

bation in vitro with high concentrations of antidepres-

sants, or after in vivo administration of high doses of

the drugs [5, 27, 28, 30, 31], and – in some cases –

also after therapeutic concentrations following a 24-h

exposure to antidepressants in vivo [11, 18].

Antidepressant drugs increase monoaminergic

transmission in the brain, which in turn affects the

‘hypothalamo-pituitary-adrenal’ and ‘hypothalamo-

-pituitary (growth hormone)-hepatic’ axes [41, 42];

these axes may then affect the expression of many

CYP isoforms [9, 23, 48]. In addition, antidepressants

exert an inhibitory effect on the production of pro-

inflammatory cytokines, the latter suppressing the ex-

pression of CYP isoforms [25, 36].

The aim of the present study was to investigate the

effect of antidepressants with different chemical

structures and mechanisms of action, which affect

noradrenergic and/or serotonergic transmission

(TADs, SSRIs, as well as the novel antidepressants

nefazodone and mirtazapine) on the activity and pro-

tein level of CYP2C11 in the liver.

Materials and Methods

Drugs and chemicals

Imipramine was provided by Polfa (Jelenia Góra, Po-

land), amitriptyline by H. Lundbeck A/S (Copenha-

gen, Denmark), while clomipramine was from RBI

(Natick, MA, USA) and desipramine from Ciba-

Geigy (Wehr, Germany). Fluoxetine was purchased

from Eli Lilly (Indianapolis, USA) and sertraline

from Pfizer Corp. (Brussels, Belgium). Mirtazapine

was donated by Organon (The Netherlands) and nefa-

zodone by Bristol-Myers Squibb International, Ltd.

(Uxbridge, UK). Testosterone and its metabolites, 2a-

and 16a-OH-testosterone were from Steraloids (New-

port, USA). NADP, glucose-6-phosphate and glucose-

6-phosphate dehydrogenase were purchased from

Sigma (St. Louis, MO, USA). Polyclonal antibody,

anti-rat CYP2C11 goat serum and Supersomes

CYP2C11 (cDNA-expressed rat isoform) were ob-
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tained from Gentest Corp. (Woburn, MA, USA). All

organic solvents of HPLC purity were supplied by

Merck (Darmstadt, Germany).

Animal procedures

All the experiments with animals were performed in

accordance with the Polish governmental regulations

(Animals Protection Act, DZ.U. 97.111.724, 1997).

The experiments were carried out on male Wistar rats

(230–260 g) kept under standard laboratory conditions.

The investigated antidepressant drugs were adminis-

tered intraperitoneally, in 0.5 ml of physiological sa-

line, twice a day for one day or two weeks at the fol-

lowing pharmacological doses (mg/kg ip): imipramine,

amitriptyline, clomipramine and nefazodone 10, desi-

pramine, fluoxetine and sertraline 5, mirtazapine 3.

The doses used were of pharmacological magnitude

which produced a therapeutic plasma concentration of

the drugs [7, 13, 16]. The rats were sacrificed at 12 h

(one-day treatment) or 24 h (two-week treatment) after

the drug withdrawal, and liver microsomes were pre-

pared by differential centrifugation in 20 mM Tris/KCl

buffer (pH = 7.4), including washing with 0.15 M KCl

according to a conventional method. The above proce-

dure deprives microsomes of the presence of parent

drugs administered in vivo, which was confirmed in

our experiment by using the HPLC method [13].

In vitro studies into CYP2C11 activity

– measurement of the rate of 2a- and

16a-hydroxylation of testosterone in liver

microsomes

The activity of the CYP2C11 was studied by measure-

ment of the rate of CYP2C11-specific reactions, i.e.,

2a- and 16a-hydroxylation of testosterone in liver

microsomes. After optimizing of in vitro conditions of

the reactions, the drug effects were investigated at lin-

ear dependence of the product formation on time and

protein and substrate concentrations.

To distinguish between a direct effect of antide-

pressants on the activity of CYP2C11 and the changes

produced by their one-day or two-week administra-

tion, three experimental models were used:

Model I

The experiment was conducted on pooled liver micro-

somes from three control rats. The rate of 2a- and

16a-hydroxylation of testosterone (testosterone con-

centration between 50–300 µM) was assessed in the

absence and presence of one of the antidepressants

added in vitro (antidepressant concentration between

50–200 µM). Each sample was prepared in duplicate.

Model II

The experiment was carried out on liver microsomes

from rats treated with an antidepressant for one day.

Testosterone was added to the incubation mixture in

vitro at a concentration of 100 µM. The 2a- and

16a-hydroxylation of testosterone was studied in the

absence of antidepressants.

Model III

The experiment investigated liver microsomes from

rats subjected to two-week antidepressant treatment.

Testosterone was added to the incubation mixture in

vitro at a concentration of 100 µM. The reaction was

studied in the absence of antidepressants.

Incubations (Models I, II and III) were carried out

in a system containing liver microsomes (1 mg of pro-

tein in 1 ml), Tris/KCl buffer (50 mM, pH = 7.4),

MgCl2 (3.0 mM), EDTA (1 mM), NADP (1.0 mM),

glucose 6-phosphate (5 mM) and glucose-6-phos-

phate dehydrogenase (1.7 U in 1 ml). The final incu-

bation volume was 1 ml. After a 15-min incubation,

the reaction was stopped by adding 200 µl of metha-

nol and then by cooling down in ice.

Determination of the concentration of

testosterone and its metabolites (2a- and

16a-hydroxytestosterone) in liver microsomes

Testosterone and its metabolites, 2a- and 16a-

hydroxytestosterone, were extracted from the micro-

somal suspension with dichloromethane (1 ml of mi-

crosomal suspension + 6 ml of the organic phase).

Concentrations of testosterone, 2a- and 16a-hydr-

oxytestosterone formed in liver microsomes were as-

sessed by the high performance liquid chromatogra-

phy (HPLC) method based on Sonderfan et al. [44].

The residue obtained after evaporation of the extracts

was dissolved in 100 µl of 50% methanol. An aliquot

(20 µl) was injected into the HPLC system (LaChrom,

Merck-Hitachi), equipped with UV detector, L-7100

pump and D-7000 System Manager. The analytical

column (Supelcosil LC-18, 5 µm, 4.6 × 150 mm) was
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purchased from Supelco (Bellefonte PA, USA). A lin-

ear gradient of solvents A (methanol : water : acetoni-

trile, 39 : 60 : 1, v/v/v) and B (methanol : water : ace-

tonitrile, 80 : 18 : 2 v/v/v) was applied during analysis

from 100% A, 0% B in minute 0 to 30% A and 70% B

in minute 22. The flow rate was 1.5 ml/min. The col-

umn temperature was 40°C. The absorbance was

measured at a wavelength of 254 nm. The compounds

were eluted in the following order: 16a-hydroxytesto-

sterone 8.7 min, 2a-hydroxytestosterone 11.1 min and

testosterone 15.6 min. The sensitivity of the method

allowed for quantification of 16a-hydroxytestoste-

rone as low as 0.005 nmol and 2a-hydroxytestoste-

rone as low as 0.004 nmol in one sample. The lower

limit of quantification (LLOQ) was 0.01 nmol/ml for

16a-hydroxytestosterone and 0.008 nmol/ml for

2a-hydroxytestosterone. The accuracy of the method

amounted to 1.3% (16a-hydroxytestosterone) and

1.2% (2a-hydroxytestosterone). The inter- and intra-

assay coefficients of variance were about 7% for both

metabolites.

Western blot analysis

The level of CYP2C11 protein in liver microsomes of

rats treated chronically with antidepressants (Model

III) was estimated by western analysis. SDS-PAGE

and immunoblot assay were performed using a meth-

odology provided by Gentest, USA. Briefly, 5 µg of

microsomal protein was separated on a 0.75 mm-thick

sodium dodecyl sulfate-polyacrylamide 4% (w/v)

stacking gel and a 12% (w/v) resolving gel employing

a MINIPROTEAN II electrophoresis system (Bio-

Rad, Hemmel Hempstead, UK; 130 V, 65 min). Pro-

tein was electroblotted onto a nitrocellulose mem-

brane (100 V, 100 min) and blocked overnight with

5% dried nonfat milk in PBS (phosphate-buffered sa-

line, pH = 7). After incubation with primary antibody

(polyclonal goat anti-rat antibody raised against

CYP2C11), the blots were incubated with secondary

antibody, i.e., the appropriate species-specific horse-

radish peroxidase-conjugated anti-IgG. Supersomes

CYP2C11 (cDNA-expressed rat isoform) were used

as a standard. Immunoreactivity was assessed using

an enhanced LumiGLO chemiluminescent substrate.

The intensities of the bands corresponding to the en-

zyme protein on the nitrocellulose membrane were

measured with Luminescent Image analyzer

LAS-1000 using Image Reader LAS-1000 and Image

Gauge 3.11 programs (Fuji Film, Japan).

Calculations and statistics

The presented inhibition constants (Ki) for the inhibi-

tion of a specific metabolic pathway were obtained

using a non-linear regression analysis (Program

Sigma Plot 8.0, Enzyme Kinetics). Statistical signifi-

cance (Model II and Model III) was assessed using an

analysis of variance followed by Dunnett’s test. All

values are the means ± SEM from 5–8 animals.

Results

The obtained results showed that the investigated an-

tidepressants directly inhibited CYP2C11 activity in

rats, shown as inhibition of the rate of CYP2C11-

specific reactions, i.e., the 2a- and the 16a-hydroxyl-

ation of testosterone by the drug added to control liver

microsomes in vitro (Model I). The inhibitory effects
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Tab. 1. The influence of antidepressants given in vitro to rat liver mi-
crosomes on CYP2C11 activity measured as the rate of 2a- and
16a-hydroxylation of testosterone (Model I)

Antidepressants
(inhibitors)

Inhibition of CYP2C11 activity

2a-OH-T
K

i
[µM]

16a-OH-T
K

i
[µM]

X
K

i
[µM]

I. Tricyclic antidepressants (TADs)

Imipramine

Amitriptyline

Clomipramine

Desipramine

169

82

31

150

213

134

101

275

191

108

66

212

II. Selective serotonin reuptake inhibitors (SSRIs)

Fluoxetine

Sertraline

114

31

83

47

98

39

III. Novel antidepressants

Mirtazapine

Nefazodone

no effect

38

no effect

74

no effect

56

The presented inhibition constants (Ki) for the inhibition of a specific
metabolic pathway were obtained using a non-linear regression
analysis (Program Sigma Plot 8.0, Enzyme Kinetics)



of antidepressants on CYP2C11 activity were moder-

ate (sertraline, nefazodone and clomipramine: Ki =

39, 56 and 66 µM, respectively), modest (fluoxetine

and amitriptyline: Ki = 98 and 108 µM, respectively)

or weak (imipramine and desipramine: Ki = 191 and

212 µM, respectively) (Tab. 1). Mirtazapine had no

inhibitory effect on CYP2C11 activity (Tab.1). Our study demonstrated that the investigated anti-

depressant drugs exerted no statistically significant

effect on CYP2C11 activity when they were given to

rats for one day (i.e., for 24 h; Model II) (Fig. 1).

However, imipramine, desipramine and fluoxetine

showed a tendency to diminish the activity of

CYP2C11 (down to 70, 66 and 68% of the control, re-

spectively) after a one-day treatment of rats with

those antidepressants (Fig. 1).

After a two-week treatment with the tested antide-

pressants (Model III), desipramine and fluoxetine sig-

nificantly increased the activity of CYP2C11 (up to

186 and 143% of the control, respectively) (Fig. 2).

The other antidepressants studied did not produce any

statistically significant effect when administered in

vivo for two weeks. As shown in Figs. 3A and B, the

changes observed in CYP2C11 protein level after

chronic treatment with antidepressant drugs corre-

sponded well with those related to the enzyme activ-

ity. Desipramine and fluoxetine substantially elevated

CYP2C11 protein level up to 196 and 158% of the

control, respectively.
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Fig. 1. The influence of one-day exposure to antidepressants on the
CYP2C11 activity measured as the rate of 2a- and 16a-hydroxylation
of testosterone in rat liver microsomes (Model II). All values are the
means ± SEM from 7–8 animals; (Dunnett’s test), compared with con-
trol (1.490 ± 0.431 nmol of 2a-hydroxytestosterone or 0.876 ± 0.292
nmol of 16a-hydroxytestosterone/mg protein/min). IMI = imipramine,
DMI = desipramine, AMI = amitriptyline, CLO = clomipramine, FLX =
fluoxetine, SRT = sertraline, MRT = mirtazapine, NEF = nefazodone

Fig. 2. The influence of two-week treatment with antidepressants on
the CYP2C11 activity measured as the rate of 2a- and 16a-hydroxyl-
ation of testosterone in rat liver microsomes (Model III). All values are
the means ± SEM from 7–8 animals; * p < 0.05, ** p < 0.01 (Dunnett’s
test), compared with control (1.552 ± 0.347 nmol of 2a-hydroxytesto-
sterone or 1.060 ± 0.391 nmol of 16a-hydroxytestosterone/mg pro-
tein/min). IMI = imipramine, DMI = desipramine, AMI = amitriptyline,
CLO = clomipramine, FLX = fluoxetine, SRT = sertraline, MRT = mir-
tazapine, NEF = nefazodone

STD CONTROL DESIPRAMINEA.

STDCONTROL FLUOXETINEB.

Fig. 3. The effect of two-week treatment (Model III) with desipramine
(A) and fluoxetine (B) on the level of CYP2C11 protein in rat liver mi-
crosomes. Five micrograms of microsomal protein was subjected to
western analysis, and the immunoblot was probed with polyclonal
goat anti-rat antibody raised against CYP2C11. Supersomes
CYP2C11 (cDNA-expressed rat isoform) were used as a standard.
The presented results are typical of three separate animals per treat-
ment. The histogram is the quantification of the corresponding band
intensities from the tested isoforms. All values are the mean ± SEM (n
= 5). Statistical significance was assessed by Dunnett’s test and indi-
cated with ** p < 0.01, *** p < 0.001 compared to the control



Discussion

We have searched for possible mechanisms of

CYP2C11-antidepressants interactions by applying

drugs in vitro (to investigate the direct effect of drugs,

i.e., their binding to the cytochrome) or in vivo – for

one day – to look for CYP2C11 inactivation by inter-

mediate/reactive metabolites, or for two weeks – to

study the influence of antidepressants on enzyme

regulation). The obtained results indicate that antide-

pressants may evoke both direct (binding to the en-

zyme) and indirect effects (inhibition produced by

a one-day treatment and induction evoked by a two-

week treatment) on CYP2C11.

The tested antidepressants (except for mirtazapine)

directly decrease CYP2C11 activity in rats, shown as

inhibition of the rate of a CYP2C11-specific reaction

(the 2a- and the 16a-hydroxylation of testosterone) by

antidepressants added to control liver microsomes in

vitro (Model I). However, their inhibitory effects are

moderate or weak (Ki = 39–212 µM). Hence, the direct

inhibitory effect of antidepressant drugs observed in vi-

tro should be of minor importance in vivo, since these

drugs rarely reach liver concentrations that approxi-

mate their relatively high Ki values, as is indicated by

their plasma concentrations [10, 16] and plasma/tissue

distribution patterns [7, 14, 15, 47, 49]. Like in rats, the

investigated antidepressants are not regarded as potent

inhibitors of human CYP2C9 [19, 33, 43].

As has been mentioned elsewhere, tricyclic antide-

pressants and fluoxetine can form reactive/intermediate

metabolites, which irreversibly inactivate a few CYP

isoforms (CYP2C11, CYP2D, CYP3A and CYP2A)

after prolonged incubation in vitro with high concen-

trations of antidepressants, or after in vivo administra-

tion of high doses of the drugs [5, 27, 28, 30, 31], as

well as when used at therapeutic concentrations in vivo

after a 24-h exposure to antidepressants [11, 12, 18].

The present results suggest that CYP2C11 inactivation

via this mechanism by imipramine, desipramine and

fluoxetine (used in therapeutic concentrations) via this

mechanism is also possible, since a one-day treatment

with pharmacological doses of the above-mentioned

antidepressants diminishes (down to 66–70% of the

control values) the enzyme activity in rats (Model II).

On the other hand, prolonged administration of

fluoxetine (a selective serotonin reuptake inhibitor) and

desipramine (a selective noradrenaline reuptake inhibi-

tor) to rats in vivo increases the activity of the enzyme

(Model III), these effects correlating positively with the

observed enhancement of CYP2C11 protein level.

TADs, which – apart from the inhibition of noradrena-

line and serotonin reuptake – also display either a1-
adrenergic receptor antagonistic activities (imipramine,

amitriptyline, clomipramine) or 5-HT2- serotonergic

receptor ones (amitriptyline) [41], do not exert such an

effect. Moreover, some newer antidepressants, e.g., ne-

fazodone (a 5-HT2-receptor antagonist and a moderate

inhibitor of serotonin and noradrenaline reuptake) and

mirtazapine (an a2-adrenergic receptor antagonist at

presynaptic sites of noradrenergic and serotonergic

neurons and a 5-HT2- and 5-HT3-serotonergic receptor

antagonist), are not active in this respect [20, 41]. The

above-discussed findings may imply that the observed

effects of the tested antidepressants on CYP2C11 regu-

lation in vivo depend on differences in the action of

these drugs on the enzyme neuroendocrine regulation.

As shown previously, the antidepressant drugs that in-

crease noradrenergic and serotonergic transmission in

the brain [41] may affect the secretion of anterior pitui-

tary hormones by regulating the hypothalamic secre-

tion of the respective releasing and inhibiting factors

[42]; this, in turn, may stimulate the expression of

some CYP isoforms (CYP2B, CYP2C6, CYP3A) [11,

17, 18, 48].

Some earlier studies suggested a negative regula-

tory effect of central noradrenaline on the benzo(a)-

pyrene-induced up regulation of CYP1A1 expression.

Stimulation of a2-adrenoceptors with dexmedetomid-

ine and blockade of a1- or b-adrenoceptors with pra-

zosin or propranolol, respectively, resulted in a further

increase of CYP1A1 inducibility. Both, reduced nora-

drenaline release in central nervous system induced

with dexmedetomidine and central catecholamine de-

pletion, as well as blockade of central a1-adrenoce-

ptors induced with prazosin, all were associated with

up-regulation of CYP1A1 expression. In contrast,

stimulation of central b-adrenoceptors with isoprena-

line resulted in a down-regulation of CYP1A1 expres-

sion. The above observations indicate that drugs,

which stimulate or block adrenoceptors and catecho-

lamine release may lead to complications in drug ther-

apy and modulate the toxicity or carcinogenicity of

drugs that are substrates for the CYP1A1 [22].

The available data on the effects of prolonged treat-

ment with antidepressant drugs on the activity of cy-

tochrome P450 in humans are scarce and are based

mainly on the in vivo application of CYP substrates.

The results of such in vivo metabolic tests do not ex-
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plain what exactly happens to individual liver CYP

isoforms. Moreover, in in vivo studies, different

mechanisms may overlap, e.g., the binding of a parent

drug to an enzyme and the formation of CYP-reactive

metabolite complexes, as well as changes in enzyme

regulation, produced by prolonged drug administra-

tion. The biochemical studies carried out on human

liver microsomes have shown that TADs administered

to depressive patients for a long time accelerate the

demethylation of benzphetamine and ketotifen, which

corresponds well with the increase in the CYP frac-

tion responsible for the metabolism of these substrates

[8]. These results indicate that chronic treatment with

antidepressants may induce some CYP isoforms in

humans, but the specificity of CYP regulation by anti-

depressant drugs in humans requires further studies.

In summary, our study conducted on rats shows

that the investigated antidepressants produce a direct,

weak-to-moderate effect on rat CYP2C11 (by binding

to the enzyme protein) and weak in vivo inhibition of

CYP2C11 activity after a one-day treatment (which

suggests inactivation of the enzyme by reactive me-

tabolites). On the other hand, the significant in vivo

induction of CYP2C11 by desipramine and fluoxet-

ine, produced by chronic treatment with the above

mentioned antidepressants, indicates their influence

on the enzyme regulation.

The present data may be useful for interpreting the

results of pharmacological experiments, obtained af-

ter administration of antidepressants to rats. However,

we do not know yet to what extent the obtained results

may be related to humans. Although rat CYP2C11

and human CYP2C9 exhibit high identity of the

amino acid sequence and are involved in the metabo-

lism of clinically important drugs (e.g., S-warfarin)

and endogenous substrates (steroids, retinoic and ara-

chidonic acid) [2, 4, 32, 38], they differ in their regu-

lation [1, 6, 35]. Therefore, it seems of primary im-

portance to ascertain whether during long-term ther-

apy human CYP isoforms are subject to analogous

induction by antidepressants as are rat CYP2C11 or

CYP2B and CYP3A, previously investigated by us.
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