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The metabolism of perazine in a primary culture of human hepatocytes after treat-
ment of cells with TCDD (a CYP1A1/2 inducer) or rifampicin (mainly a CYP3A4 in-
ducer) were studied in vitro. The concentrations of perazine and its main metabolites
(perazine 5-sulfoxide, N-desmethylperazine) formed in hepatocytes were assayed in the
extracellular medium using the HPLC method. TCDD and rifampicin induced the forma-
tion of perazine 5-sulfoxide, however, such an effect was not observed in the case of N-
desmethylperazine. The accumulation of perazine 5-sulfoxide in the extracellular me-
dium was enhanced until up to 4 h by rifampicin, and until up to 8 h by TCDD. After
24 h, perazine and perazine 5-sulfoxide were not detected in the extracellular medium of
the inducer-treated cultures, except for perazine 5-sulfoxide in the TCDD-treated cultures
The obtained results indicate that CYP1A2 and CYP3A4 are involved in the perazine me-
tabolism via 5-sulfoxidation pathway.
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INTRODUCTION

Primary culture of human hepatocytes is a con-
venient model system to examine the oxidative me-
tabolism of drugs and xenobiotics in humans [5]. It
has been reported that several forms of cytochrome
P-450 (CYP), including CYP1A2 and CYP3A4 are
expressed and inducible in human hepatocytes [4,
8–10]. CYP1A2 is inducible by cigarette smoking
and by a number of polycyclic aromatic hydrocar-
bons such as TCDD and �-naphthoflavone [4, 8, 11].
CYP3A4 is strongly inducible by a number of drugs
including rifampicin, carbamazepine, barbiturates
and corticosteroids [6, 8, 9, 11].

Perazine, a piperazine type phenothiazine neu-
roleptic is often chosen for combining with antide-
pressants in the therapy of psychotic depressions,
depressions in the course of schizophrenia, or “treat-
ment-resistant” depressions [7]. Our unpublished
results conducted on human liver microsomes and
cDNA-expressed human CYPs indicate that CYP1A2
and CYP3A4 are the main isoenzymes responsible
for 5-sulfoxidation, while CYP2C19 is the key iso-
enzyme catalyzing perazine N-demethylation.

The aim of the present study was to test the im-
portance of CYP1A2 and CYP3A4 in the metabo-
lism of perazine using a more physiological model
of liver function. We have investigated the bio-
transformation of perazine in a primary culture of
human hepatocytes after treatment of cells with
CYP-specific inducers TCDD (a CYP1A1/2 in-
ducer) and rifampicin (a CYP3A4 inducer).

MATERIALS and METHODS

Drugs and chemicals

Perazine (dimaleate) was obtained from Labor
(Wroc³aw, Poland). Perazine 5-sulfoxide and N-des-
methylperazine were synthesized according to a pre-
viously described method [1]. Rifampicin was pur-
chased from Sigma (St. Louis, USA). 2,3,7,8-Tetra-
chlorodibenzeno-p-dioxin (TCDD) was obtained
from ChemSyn Science Laboratories (Lenaxa, USA).
All the organic solvents with HPLC purity were
supplied by Carlo Erba (Milan, Italy).

Biotransformation of perazine in a primary cul-

ture of human hepatocytes

The use of human liver samples for scientific
purposes was approved by the French National

Ethics Committee. Human liver specimen was ob-
tained from a patient FT176 (a 69-year-old female)
who underwent a liver lobectomy due to hepatic
metastasis of colon cancer.

Primary cultures of human hepatocytes were
prepared as described previously [4, 9]. Ten million
cells in 7 ml of a culture medium were placed in
10-cm plastic dishes precoated with collagen (Beck-
ton-Dickinson, France). The medium consisted of
a mixture of Ham F12 and Williams’ E (1:1 v/v),
supplemented as described earlier [5]. The culture
medium was also supplemented with a 5% calf se-
rum during the first 4 h after planting, to favor the
attachment of cells. Then the medium was changed
and subsequently renewed every 24 h in the ab-
sence of the serum. The cultures were kept at 37°C
in an atmosphere of a mixture of 95% air and a 5%
CO�, at a ca. 100% humidity. For the treatment of
cells, inducers were diluted in dimethylsulfoxide
and added to the culture medium at a final concen-
tration of 25 �M for rifampicin (an inducer of
CYP3A4 and, to a lesser degree, of CYP2B6 and
CYP2C) and 1 nM for TCDD (a CYP1A1/2 in-
ducer). The control cells were treated with the sol-
vent. The concentration of dimethylsulfoxide in the
culture medium (of both the control and the indu-
cer-treated cultures) was 0.1%. Treatments lasted
96 h each and were renewed every 24 h when the
culture medium was changed. After 96 h, the cul-
ture medium was changed to a medium without
inducers (for pretreated cultures), but containing
25 �M of perazine. The cells were then incubated
under standard culture conditions for 0, 2, 4, 6, 8
and 24 h (one culture dish per one time point). At
the indicated times, 500 �l aliquots of the culture
medium were collected, and 50 �l were injected di-
rectly into the HPLC system.

The concentrations of perazine and its main me-
tabolites (perazine 5-sulfoxide, N-desmethylperazi-
ne) were assayed using a Varian HPLC system with
UV detection. The analytical column (Econosphere
C18, 5 �m, 4.6 × 250 mm) was purchased from
Alltech (Carnforth, England). The mobile phase
consisted of an acetate buffer, pH = 3.4 (100 mmol
of ammonium acetate, 20 mmol of citric acid and
1 ml of triethylamine in 1000 ml of the buffer ad-
justed to pH = 3.4 with an 85% phosphoric acid),
and acetonitrile in a proportion of 50:50. Elution
proceeded at an ambient temperature at a flow rate
of 1.2 ml/min. The absorbance of perazine and
its metabolites was measured at a wavelength of
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265 nm. The detection limit for perazine or its me-
tabolites was as low as 0.015 nmol/sample.

RESULTS and DISCUSSION

Treatment of the primary cultures of human he-
patocytes with TCDD and rifampicin increased the
rate of perazine biotransformation. Approximately
100% of perazine was metabolized during the first
8 h in inducer-treated cultures (Fig. 1A). TCDD
(a CYP1A1/2 inducer) and rifampicin (a CYP3A4
inducer) increased the formation of perazine 5-sul-
foxide (Fig. 1B). Such an effect was not observed
in the case of N-desmethylperazine which was not
detected in the incubation medium, neither in con-
trol nor in the inducer-treated cultures. The accu-
mulation of perazine 5-sulfoxide in the extracellu-
lar medium was enhanced until up to 4 h by ri-
fampicin, and until up to 8 h by TCDD. After 24 h,
perazine and perazine 5-sulfoxide were not de-
tected in the extracellular medium of the inducer-
treated cultures, except for perazine 5-sulfoxide in
the TCDD-treated cultures.

The results presented above indicate contribu-
tion of CYP1A1/2 and CYP3A4 to perazine 5-sul-
foxidation in humans. These results reinforce our
recent unpublished studies conducted on human liver
microsomes and cDNA-expressed human CYPs,
which indicated that CYP1A2 and CYP3A4 were
the main isoenzymes responsible for 5-sulfoxida-
tion, while CYP2C19 was the main one that cata-
lyzed perazine N-demethylation (CYP1A2 and
CYP3A4 contributed to a lesser degree to perazine
N-demethylation). In contrast to 5-sulfoxide, N-des-
methylperazine was not found at a detectable amount
in the incubation medium of the TCDD- or rifam-
picin-treated cultures. However, considering the
minor contribution of CYP1A2 and CYP3A4 to
that metabolic pathway of perazine (as shown in
liver microsomes and cDNA-expressed CYPs), the
quantity of N-desmethylperazine formed by indu-
cer-treated cultures might be too low and below
sensitivity of the HPLC method used. On the other
hand, N-desmethylperazine might accumulate within
hepatocytes. According to Daniel and Wójcikowski
[2, 3], distribution of psychotropic drugs which are
basic lipophilic compounds (such as perazine) de-
pends mainly on phospholipid binding and lysoso-
mal trapping. Hence, the formed metabolites which
are also week bases, e.g. desmethylderivatives, can
mimic the distribution pattern of their parent com-

pounds and may accumulate in cell membranes and
in acidic interior of lysosomes in hepatocytes.
Therefore, in the case of basic lipophilic metabo-
lites, their concentrations should be analyzed si-
multaneously in the incubation medium and hepa-
tocytes. Further studies are scheduled to find out
whether the above assumption is true.

In summary, the results obtained using the pri-
mary culture of human hepatocytes and CYP-spe-
cific inducers indicate the contribution of CYP1A2
and CYP3A4 to 5-sulfoxidation of perazine. Since
perazine is combined with antidepressants in the
treatment of complex or “treatment-resistant” psy-
chiatric disorders, the obtained results may allow
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for the prediction of potential interactions between
perazine and other drug involving CYP1A2 and
CYP3A4.
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