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POTENTIAL ROLE OF THE BRAIN DOPAMINERGIC SYSTEM
IN THE REGULATION OF CYTOCHROME P-450 EXPRESSION1
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Potential role of the brain dopaminergic system in the regulation of cyto-
chrome P-450 expression. J. WÓJCIKOWSKI. Pol. J. Pharmacol., 2004, 56,
701–708.

Although there are no literature data, which would clearly describe the
role of catecholaminergic systems (including dopaminergic system) in the
expression of the liver cytochrome P-450, there are well documented reports
on physiological regulation of cytochrome P-450 by endogenous hormones
(glucocorticoids, sex hormones, thyroid hormones, growth hormone, insu-
lin) and by the immune system (cytokines), and all these factors remain un-
der central nervous system control. Therefore, one can expect that dysfunc-
tion of catecholaminergic systems may lead to significant changes in activi-
ties of particular cytochrome P-450 isoenzymes by altering levels of
endogenous hormones. The mechanism underlying dopamine-induced regu-
lation of the liver cytochrome P-450 expression seems not to be direct, but
rather mediated by pituitary hormones and cytokines.
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Introduction

Cytochrome P-450 (CYP) expression can be
regulated in different ways and at various levels,
being also tissue-dependent. Genes encoding dif-
ferent cytochrome P-450 isoenzymes are regulated
by endogenous hormones (glucocorticoids, sex hor-
mones, growth hormone, thyroid hormones) and by
the immune system (cytokines), which all remain
under central nervous system (CNS) control. On
the other hand, numerous nuclear receptors in he-
patocytes (and other tissues), activated by steroid
and non-steroid ligands (retinoic acid, prosta-
glandins, fatty acids and many other still unknown
ligands) transform extra- and intracellular signals
into cellular response via gene transcription.

Up until now there are no literature data, which
would clearly describe the result of the stimulation
or inhibition of discrete CNS neurotransmission
systems/pathways on the expression of cytochrome
P-450 isoenzymes. It appears that dopamine by al-
tering levels of pituitary hormones and cytokines

can affect cytochrome P-450 expression in the liver
[1, 6, 7, 13, 15, 53, 62]. The mechanism implicat-
ing dopamine, liberated from the endings of dopa-
minergic neurons of the tuberoinfundibular path-
way, in the regulation of hormone release from an-
terior pituitary lobe (mainly prolactin) is relatively
well understood. The tuberoinfundibular pathway
neurons, beginning in the arcuate nucleus and
periventricular area of the hypothalamus (A12 area
according to histochemical nomenclature) release
dopamine in the external layer of the median emi-
nence (Fig. 1). Dopamine is transported by hypo-
physial portal blood to the anterior pituitary lobe,
where it modulates secretion of its hormones (pro-
lactin, ACTH, GH, TSH, gonadotropins) [7, 13].
It appears that these hormones may mediate the
regulation of expression of liver cytochrome P-450.
Moreover, it seems that regulation of cytochrome
P-450 by nigrostriatal and mesolimbic pathways
would be more complex and rather indirect via the
interaction of the above-mentioned dopaminergic
pathways with the immune system (cytokines),
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which can affect activity and expression of cyto-
chrome P-450 [1, 10, 11, 26].

The influence of brain dopaminergic system on
the liver cytochrome P-450 can have physiological
and toxicological significance, since cytochrome
P-450 isoenzymes are implicated in the biotrans-
formation of endogenous substances, drugs and en-
vironmental contaminants. The isoenzymes of CYP2
and CYP3 families and CYP1A2 isoenzyme con-
tribute to steroid metabolism [52, 58, 59, 61].
Moreover, isoenzymes belonging to CYP2 family
seem to be engaged in the metabolism of catechola-
mines, such as dopamine (CYP2E1), adrenaline
and serotonin (CYP2C9) and a hormone, melatonin
(CYP2C and CYP2D) [23, 36]. Recent studies
have shown that the CYP2D isoforms are involved
in the metabolism of endogenous neurochemical
substrate tyramine to dopamine and in the regen-
eration of serotonin from 5-methoxytryptamine
[16, 65]. CYP1A2 catalyzes uroporphyrinogen bio-
transformation, while CYP2E subfamily partici-
pates in arachidonic and lauric acid metabolism
[23].

The clinical aspect of these studies is connected
with the changes in cytochrome P-450 activity in
the course of diseases associated with the damage
(Parkinson’s disease) or activation (schizophrenia)
of the dopaminergic system, and during long-term
therapy with neuroleptics and dopaminemimetics.

Regulation of cytochrome P-450 by hypothalamo-

pituitary-adrenal (HPA) axis

The studies on the effect of dopaminergic neu-
rons on the function of HPA axis in the rat demon-
strated that an increase in dopaminergic neurotrans-
mission induced by the administration of dopamine
precursors (L-dopa) led to the elevated ACTH and
corticosterone levels in the rat blood [8, 19]. It was
shown that dopamine receptor antagonists, spiper-
one and haloperidol inhibited the action of dopa-
mine receptor agonists, pergolide and its analogs,
and apomorphine on HPA axis, which indicates that
the observed increase in HPA axis activity was as-
sociated with the stimulation of dopamine recep-
tors [9, 19]. Apomorphine elevated ACTH and cor-
tisol level also in humans [20]. HPA axis regulates
the level of corticosteroids. Corticosteroid recep-
tors belong to cytoplasmic receptors, which are
ligand-dependent transcription factors [15, 17, 42,
43]. It was reported that glucocorticoids caused in-
duction of many enzymes, which metabolize drugs,

including CYP3A1 and CYP1A1 isoenzymes [42,
47]. Influence of glucocorticoids on the expression
of CYP2C11 can be twofold: at low concentrations,
they induce this enzyme activity, suppressing it at
high (stress-induced) concentrations [2].

Regulation of cytochrome P-450 by sex hor-

mones and GH

There are well-documented literature data indi-
cating that the stimulation of dopaminergic system
elicits an increase in growth hormone secretion in
humans and other mammals, including rats. In hu-
mans, this effect was observed after the administra-
tion of different dopaminemimetics, such as apo-
morphine, bromocriptine and amphetamine [21,
35]. In addition, dopamine antagonists, chlorpro-
mazine and sulpiride lowered the basal GH level
[14, 48]. In rats, a rise in GH secretion was demon-
strated after dopamine administration into the brain
and after peripheral morphine treatment [32, 34,
56].

Apart from direct effect on expression of cyto-
chrome P-450 (via cytoplasmic receptors), sex hor-
mones, androgens and estrogens may indirectly af-
fect the regulation of cytochrome by influencing
the hypothalamus and pituitary, and modulating
GH secretion. Pulsatile (male type) and continuous
(female type) GH secretion, regulated by the hypo-
thalamic peptides (negatively by somatostatin and
positively by GRF) determines sex-dependent pat-
tern of cytochrome P-450 isoenzymes [59, 60, 66].
CYP2C11 and CYP2C12 are prototypes of sex-
dependent cytochromes in the rat liver. CYP2C11
is the main specifically male isoform in the adult
liver, while CYP2C12 represents specifically fe-
male cytochrome P-450 isoenzyme in this tissue.
Different mode of GH secretion influences also the
expression of isoenzymes characteristic or dominat-
ing in both sexes. The expression of “male” isoen-
zymes CYP2A2, CYP2C13, CYP3A2 and CYP4A2,
and those dominating in males, CYP2B1/2, CYP3A1
and CYP3A18 is dependent on the pulsatile GH se-
cretion of proper frequency, duration and amplitude
of pulse [22, 38, 39, 49, 54, 60]. The studies on he-
patocytes indicated that GH directly influenced cy-
tochrome P-450 expression [25, 46]. Constant pres-
ence of GH stimulates expression of “female”
isoenzymes, CYP2C12 and 2C7 [22, 39, 42]. De-
tailed molecular mechanism of GH action on ex-
pression of genes encoding cytochrome P-450 has
not been elucidated yet, but it seems that it is not
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dependent on different numbers of GH receptors in
the livers of females and males. Recent reports
have indicated that pulsatile GH secretion induces
gene expression at the level of transcription initia-
tion by transcription factors belonging to Stat fam-
ily, Stat5 in the case of CYP2C11 [12]. On the
other hand, control of CYP2C12 gene expression
by “continuous” GH secretion is probably achieved
via the stimulation of phospholipase A�, which
triggers arachidonic acid cascade (amplified by
Ca�(). Arachidonic acid epoxides formed in these
reactions increase CYP2C12 gene expression.
These epoxides are probably generated by cyto-
chrome P-450 [12].

Regulation of cytochrome P-450 by thyroid hor-

mones

The studies conducted in the seventies and
eighties demonstrated that dopamine inhibited se-
cretion of thyroid hormones. A drop in plasma TSH
level in rats was observed after the activation of do-
paminergic system by apomorphine and bromo-
criptine, and after repeated L-dopa treatment [28,
31, 32, 37]. This effect was abolished by dopamine
receptor antagonists, chlorpromazine and pimozide
[28, 37]. The results obtained in animal models
were confirmed by clinical trials, showing suppres-
sive dopamine effect of TSH secretion in humans.
Interestingly, the effect was stronger in women
than in men, and dopamine appeared to participate
in the regulation of circadian pattern of THS secre-
tion.

A number of literature data indicate that thyroid
hormones influence the expression of cytochrome
P-450 isoenzymes, and they seem to fulfill their
function independently of growth hormone. A rise
in the liver CYP1A1/2, CYP2A1/2, CYP2B1/2 and
CYP3A1/2 levels was observed in hypophysecto-
mized and thyroidectomized rats. This effect was
antagonized by the administration of T� and T! [59,
63, 64]. Similar changes were found in the studies
on human hepatocytes, in which T� inhibited tes-
tosterone 6-�-hydroxylation, a marker reaction for
CYP3A4, which was accompanied by a decrease in
the level of its protein and mRNA, indicating
mostly pretranslational mechanism of the changes
[24]. Contrary to suppressive changes observed
earlier, it was demonstrated that thyroid hormones
stimulated expression of the liver CYP2C7 in hy-
pophysectomized rats or in rats with thyroid hor-
mone deficit [44].

Regulation of cytochrome P-450 by cytokines

The present knowledge of the regulation of the
immune system function by central dopaminergic
system is rather fragmentary. It seems that dopa-
mine can have both activating and suppressive ef-
fect on different cytokines, such as interleukin-1�

(IL-1�), interleukin-2 (IL-2), interleukin-6 (IL-6),
tumor necrosis factor (TNF-�) and interferon-�
(IFN-�), produced in response to infection [1, 4, 5].
It was noticed that a damage to dopaminergic sys-
tem (Parkinson’s disease – nigrostriatal pathway)
caused an increase in plasma Il-2 levels and a de-
crease in plasma IL-6 levels in the patients [4, 53].
On the other hand, activation of this system
(schizophrenia – mesolimbic pathway) lowered
IL-2 and elevated IL-6 levels in the plasma of pa-
tients [10, 11, 26]. Since dopamine does not cross
brain-blood barrier, its mode of interaction with the
immune system is not clear. It appears that it can
influence synthesis and release of other neuro-
chemical substances (e.g. met-enkephalins), which
are neuroimmunomodulators capable of affecting
an array of immunological parameters [18]. An-
other way in which dopamine may influence the
immune system can involve the modulation of pi-
tuitary hormone synthesis and release, mainly pro-
lactin, which seems to be an important regulator of
functional activity of the immune system effector
cells [1, 27].

Cytokines were demonstrated to suppress the
activity and level of different cytochrome P-450
isoenzymes. A drop in CYP1A, CYP2B, CYP3A
and CYP4A proteins and/or activities were ob-
served in mice infected with bacterial endotoxin
LPS (lipopolysaccharide) [57]. This effect was ob-
served in both wild-type and TNF-� receptor-
deficient animals. Siewert et al. showed that IL-6
gene deficiency blocked the suppression of CYP1A2,
CYP2A5 and CYP3A11 (with only a partial effect
on CYP2E1) in mice treated with turpentine. Un-
like LPS, which causes release of many different
cytokines (TNF-�, IL-1, IL-6, IFN-�), the effects of
turpentine-induced sterile inflammation on hepatic
acute-phase proteins are achieved mainly via IL-6
[51]. Moreover, IL-1�, IL-6, TNF-� and INF-� re-
leased by a viral infection, and an aseptic inflamma-
tion reduced CYP1A1, CYP1A2 and CYP3A4 ex-
pression in rabbit hepatocytes, while IL-2 down-
regulated the CYP2C11 and CYP3A expression in
rat hepatocytes [3, 55].
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Using primary culture of human hepatocytes,
Pascussi et al. [40] showed that IL-6 decreased
both rifampicin- and phenobarbital-mediated in-
duction of CYP2B6, CYP2C8, CYP2C9 and
CYP3A4 as a result of negative regulation of nu-
clear receptors (PXR and CAR) gene expression.
They also found that IL-1� and LPS decreased
CAR expression and suppressed phenobarbital-
mediated CYP2B6 and CYP3A4 induction in hu-
man hepatocytes [41].

It was shown that inflammation triggered
a number of stressful responses, manifesting them-
selves as e.g. the changes in adrenocortical (gluco-
corticoids, adrenaline), and pancreatic (glucagon)
hormone levels, which could then participate in
physiological regulation of cytochrome P-450. For
example, the expression of CYP2C11 and CYP3A2
is suppressed after injection of low dose of dexa-
methasone in rats. Glucocorticoids exert bimodal
effects on CYP2C11 mRNA expression in hepato-
cytes: induction at low (resting) concentrations,
and suppression at high (stress) concentrations
[30]. Glucagon and epinephrine receptors in the
liver are both coupled to adenylate cyclase activa-
tion, and cAMP inhibits phenobarbital-induced
CYP2B1 and CYP3A expression [50].

Pharmacological data indicating the contribu-

tion of dopaminergic system to the regulation of

cytochrome P-450 expression

Studies of Rane et al. [45] showed the down-
regulation of CYP2C11 and CYP3A in rats after
2-week treatments with selective antagonists of do-
paminergic D� receptors, sulpiride and remoxipride
via mini-osmotic pump. The doses of neuroleptics
were chosen on the basis of equipotency with re-
spect to the dopamine D� receptor blockade (block-
ade 80% of receptors) and behavioral tests (the
ED)& values for blockade of apomorphine-induced
stereotypies). Sulpiride and remoxipride decreased
the activity of CYP2C11 and CYP3A, as well as
the level of CYP-specific proteins and mRNA, in-
dicating the inhibition of the transcription process.
Simultaneously, they observed the feminization in
the androstenedione metabolism leading to an in-
crease of the androstenedione 5�/16�-hydroxylase
activity ratio. The feminization of androstenedione
metabolism was also observed in the case of clo-
zapine. Similar changes to those caused by sul-
piride and remoxipride were observed in the case
of a less specific dopamine receptor-blocking neu-

roleptic chlorpromazine, which down-regulated the
activity and protein level of CYP2C11 [33]. Ac-
cordingly, recent (unpublished) results of Daniel et
al. showed a significant decrease in the activity and
protein expression of CYP2C11 and CYP3A after
2-week treatments of rats with pharmacological
doses of three different phenothiazine neuroleptics:
thioridazine, perazine and levomepromazine. The
down-regulation of CYP2C11 and CYP3A en-
zymes observed in the three different laboratories
was most likely mediated via alteration of the
growth hormone secretion. The feminizing effects
of neuroleptics (gynaecomasty) were observed in
psychiatric patients treated with neuroleptics [29],
and this effect may be caused by perturbation of
sex steroids metabolism (via interaction with the
GH secretion).

Conclusion

The data presented above strongly suggest an
important role of the central dopaminergic system
in the regulation of the liver cytochrome P-450
isoenzymes. However, only detailed experiments
with the use of specific “pharmacological tools”
administered to the particular structures of the do-
paminergic pathways of the brain, may establish
and explain the mechanisms of regulation of cyto-
chrome P-450 isoenzymes by the dopaminergic
system via different hormones and cytokines.
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