
PRELIMINARY COMMUNICATION

PERAZINE AS A POTENT INHIBITOR OF HUMAN CYP1A2
BUT NOT CYP3A4
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The effects of perazine on the activities of CYP1A2 and CYP3A4 in a primary cul-
ture of human hepatocytes of one patient were studied in vitro. The CYPs activities were
assessed by measuring the rate of acetanilide 4-hydroxylation (CYP1A2) and cyclospo-
rine A oxidation (CYP3A4) after treatment with TCDD (a CYP1A subfamily inducer) or
rifampicin (mainly a CYP3A4 inducer). The amounts of the metabolites formed in hepa-
tocytes were assayed in the extracellular medium using the HPLC method. TCDD and ri-
fampicin induced the formation of 4-hydroxyacetanilide and cyclosporine A metabolites
(monohydroxycyclosporine A, dihydroxycyclosporine A, N-desmethylcyclosporine A),
respectively. The formation of 4-hydroxyacetanilide was strongly inhibited by three dif-
ferent concentrations of perazine (10, 25 and 50 �M) reaching 8, 3 and 2% of the control
value, respectively. In the case of CYP3A4 activity, no such an effect of perazine was ob-
served. Perazine showed only a week inhibition of the activity of cyclosporine A oxidase
(to 96–86% of the control value). The obtained results suggest a strong inhibitory effect
of perazine on human CYP1A2 activity with predicted K� value similar to those of the
known for CYP1A2 inhibitors, such as furafylline and fluvoxamine.

Key words: perazine, inhibitor, human cytochrome P-450, CYP1A2, CYP3A4, hepato-
cytes

��������	 
 ���� � ���	�	�	� �� ������������

������ ������� �� ��������

������ ���	
�� �� ���	�������

���� �� ����������� ����� � �  �!" #�

���$ #�%�&'���

� correspondence; e-mail: wojcikow@if-pan.krakow.pl



Abbreviations: CYP – cytochrome P-450, HPLC
– high performance liquid chromatography, K� –
the Michaelis constant, PER – perazine, RIF – ri-
fampicin, TCDD – 2,3,7,8-tetrachlordibenzeno-p-
dioxin

INTRODUCTION

Human CYP1A2 and CYP3A4 constitute ap-
proximately 12 and 30–50% of the total CYP pro-
tein, respectively. They are responsible for the me-
tabolism of a number of drugs, endogenous sub-
stances and carcinogenic compounds. It has been
reported that human CYP1A2 catalyzes the me-
tabolism of caffeine, theophylline, imipramine,
propranolol, procarcinogens (heterocyclic amines)
and steroids. This enzyme is inducible by cigarette
smoking and by a number of chemicals including
TCDD [1, 6]. CYP3A4 is responsible for the oxida-
tive metabolism of more than 60% of drugs cur-
rently used, including psychotropics, and of many
endogenous compounds, such as steroids and corti-
coids. In addition, CYP3A4 appears to be responsi-
ble for the activity of various procarcinogens, in-
cluding aflatoxins and polycyclic aromatic hydro-
carbons. CYP3A4 is strongly induced by a number
of drugs, such as rifampicin and carbamazepine [6].
Acetanilide 4-hydroxylase, phenacetin O-deethyl-
ase and caffeine 3-N-demethylase activities are
often used as markers of human CYP1A2 activity,
while cyclosporine A oxidation, erythromycin N-de-
methylation and alprazolam 4-hydroxylation are
considered as specific reactions for testing human
CYP3A4 activity [5, 7–10].

It has been reported that fluvoxamine, a selec-
tive serotonin reuptake inhibitor, strongly inhibited
human CYP1A2 [2]. Störmer et al. [10] demon-
strated that at a low concentration (25 �M), pera-
zine moderatly inhibited the rate of phenacetin
O-deethylation (CYP1A2) and weakly decreased
the CYP3A4 activity measured by alprazolam 4-hy-
droxylation in human liver microsomes. Moreover,
our unpublished results indicated that in human
liver, CYP1A2 and CYP3A4 are the main isoforms
responsible for perazine 5-sulfoxidation.

The aim of the present study was to estimate
a possible inhibitory effect of perazine, a piperazi-
ne-type phenothiazine neuroleptic, on the CYP1A2
and CYP3A4 activities in a primary culture of hu-
man hepatocytes.

MATERIALS and METHODS

Drugs and chemicals

Perazine (dimaleate) was obtained from Labor
(Wroc³aw, Poland). Underivatized cyclosporine A,
its monohydroxylated, dihydroxylated and N-deme-
thylated metabolites, as well as [�H]cyclosporine
were provided by Sandoz Ltd. (Basel, Switzerland
and Reuil-Malmaison, France). Underivatized ace-
tanilide and its hydroxymetabolite came from
Merck (Darmstadt, Germany). [�H]acetanilide and
rifampicin were purchased from Sigma (St. Louis,
USA). TCDD was obtained from ChemSyn Scien-
ce Laboratories (Lenaxa, USA). All organic sol-
vents with HPLC purity were supplied by Carlo
Erba (Milan, Italy).

Biotransformation of acetanilide and cyclospori-

ne A in a primary culture 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 FT 176 (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 [3, 8]. Four mil-
lion cells in 3 ml of a culture medium were placed
in 6-cm plastic dishes precoated with collagen type
I (Beckton-Dickinson, France). That medium con-
sisted of a mixture of Ham F12 and Williams’E
(1:1 vv/�), supplemented as described earlier [4].
The culture medium was also supplemented with
a 5% calf serum during the first 4 h after planting,
to favor the attachment of cells. Then the medium
was changed and subsequently replaced every 24 h
with a fresh portion without serum. The cultures
were kept at 37�C in an atmosphere of 95% air and
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 CYP1A1/1A2 in-
ducer). The concentration of dimethylsulfoxide in
the culture medium (of both the control and the
inducer-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 culture medium was changed to
a medium without the inducers (for pretreated cul-
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ture), but containing 25 �M acetanilide plus 2.5 �Ci
of [�H] acetanilide or 5 �M cyclosporine A plus
0.5 �Ci of [�H] cyclosporine A. An inhibitory effect
of perazine (10, 25, 50 �M) on acetanilide 4-hydro-
xylation and cyclosporine A oxidation was assessed
after 6 h incubation in the case of cultures contain-
ing acetanilide and after 4 h incubation in the case
of cultures containing cyclosporine A. At the indi-
cated times, 500 �l aliquots of the culture medium
were collected, and 100 �l was injected directly
into the HPLC system.

Determination of acetanilide and cyclosporine A

and their metabolites in the incubation medium

The concentrations of acetanilide and 4-hydro-
xyacetanilide, as well as cyclosporine A, monohy-
droxycyclosporine A, dihydroxycyclosporine A and
N-desmethylcyclosporine A, were assayed using
a Varian HPLC system equipped with an HPLC
Radioactivity Monitor LB 506-CI (Berthold, Wild-
bad, Germany) and a Copam PC 286C 100 com-
puter. The analytical column (ODS Ultrasphere,
C18, 5 �M, 4.6 × 250 mm) was purchased from
Beckman (San Ramon, USA). The elution of ace-
tanilide and 4-hydroxyacetanilide was performed at
a flow rate of 1 ml/min with a linear methanol gra-
dient from 20 to 60% over 25 min at a room tem-
perature. The elution of cyclosporine A and its me-
tabolites was carried out at a flow rate of 1.2
ml/min at 70�C. The elution with the mobile phase
included the following steps: 1) water/acetonitrile
45:55 (v/v) from 0 to 5 min, 2) linear acetonitrile
gradient from 55 to 65% from 5 to 15 min, 3) wa-
ter/acetonitrile 35:65 (v/v) from 15 to 18 min, 4)
linear acetonitrile gradient from 65 to 83% from 18
to 30 min, 5) water/acetonitrile 17:83 (v/v) from 30
to 35 min.

RESULTS and DISCUSSION

TCDD (a CYP1A subfamily inducer) and rifam-
picin (mainly a CYP3A4 inducer) induced the for-
mation of 4-hydroxyacetanilide and cyclosporine A
metabolites (monohydroxycyclosporine A, dihy-
droxycyclosporine A, N-desmethylcyclosporine A),
respectively (Figs. 1 and 2). The accumulation of
4-hydroxyacetanilide in the extracellular medium
was strongly inhibited by three different concentra-
tions of perazine (10, 25 and 50 �M), reaching 8, 3
and 2% of the control value (control = TCDD-
treated culture), respectively (Fig. 1). On the other

hand, such an effect of perazine was not observed
in the case of CYP3A4 activity. Perazine showed
only a week inhibition of the cyclosporine A oxi-
dase activity, to 96–86% of the control value (con-
trol = rifampicin-treated culture) (Fig. 2). The ob-
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Fig. 1. The influence of perazine (PER) on the CYP1A2 activity
measured as a rate of acetanilide 4-hydroxylation in a primary
culture of human hepatocytes obtained from one patient (FT
176). Human hepatocytes were maintained in a primary culture
in the absence (UT) or presence of 1 nM TCDD for 96 h. The
medium was then replaced with a fresh portion without the in-
ducer, but in the presence of 25 �M acetanilide and 10, 25 and
50 � M perazine. Concentrations of 4-hydroxyacetanilide for-
med from acetanilide during 6 h incubation were measured in
the culture medium
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Fig. 2. The influence of perazine (PER) on the CYP3A4 activity
measured by cyclosporine A oxidation in a primary culture of
human hepatocytes obtained from one patient (FT 176). Human
hepatocytes were maintained in a primary culture in the absence
(UT) or presence of 25 �M rifampicin (RIF) for 96 h. The me-
dium was then replaced with a fresh portion without the inducer,
but in the presence of 5 �M cyclosporine A and 10, 25 and
50 � M perazine. Concentrations of cyclosporine A metabolites
(monohydroxycyclosporine A, dihydroxycyclosporine A, N-des-
methylcyclosporine A) formed from cyclosporine A during 4 h
incubation were measured in the culture medium



tained results agree with the data of Störmer et al.
[10] showing that perazine at a concentration of
25 �M is more potent inhibitor of CYP1A2 than
CYP3A4 in human liver microsomes. However, the
inhibitory effect of perazine on the CYP1A2 activ-
ity observed in our study was more pronounced (up
to 3% of the control value) than that demonstrated
by Störmer et al. [10] (up to 45% of the control
value). The observed discrepancies may stem from
different K� values and specificity of substrates
used to estimate the CYP1A2 activity. Phenacetin
O-deethylation was studied by Störmer et al. [10] as
a marker reaction of CYP1A2 activity, while we
used acetanilide 4-hydroxylation as a specific reac-
tion for CYP1A2 activity in humans. It has been re-
ported that the kinetics of phenacetin O-deethylase
in human liver microsomes is biphasic, which
could indicate the involvement of more than one
isoform of CYP in the phenacetin O-deethylation
[7]. The K� calculated for the high- (CYP1A2) and
low-affinity (CYP2E1) components of phenacetin
O-deethylase activity were 15 �M and 894 �M, re-
spectively. In contrast to phenacetin O-deethyla-
tion, the K� calculated by us (data not shown) for
acetanilide 4-hydroxylation in human liver micro-
somes was significantly higher, amounting to 161
�M, suggesting that phenacetin may bind to an ac-
tive centre of CYP1A2 stronger than acetanilide.
Hence, perazine may stronger inhibit the CYP1A2
activity measured by acetanilide 4-hydroxylation
than that measured by phenacetin O-deethylation.
Moreover, CYP1A2 was identified as the major
and perhaps the only enzyme responsible for the
acetanilide 4-hydroxylation [5]. Therefore, to esti-
mate objectively the inhibitory effect of perazine
on CYP1A2 activity, further kinetic studies are
necessary to calculate the K� values for inhibition
of acetanilide and phenacetin oxidation by pera-
zine. Those K� values are expected to be in the
range observed for the known CYP1A2 inhibitors,
such as furafylline and fluvoxamine [2, 9].

Considering the contribution of CYP1A2 to the
metabolism of a number of drugs (caffeine, theo-
phylline, imipramine, propranolol), carcinogenic
compounds and endogenous substances (steroids),
the inhibition of that CYP isoform by prolongated
administration of perazine may be of physiological,
pharmacological and toxicological importance.
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