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Effect of imipramine treatment on plasma dopamine beta-hydroxylase
activity in chronic mild stress in rats. M. GRABOWSKA, M. SCHLEGEL-
ZAWADZKA, M. PAPP, G. NOWAK. Pol. J. Pharmacol., 2004, 56, 825–829.

Dopamine �-hydroxylase (DBH) which catalyzes conversion of dopa-
mine into noradrenaline, may be a good blood marker of unipolar depres-
sion. Therefore, we studied the effect of classic antidepressant drug imi-
pramine (10 mg/kg ip) on activity of this enzyme in plasma of rats subjected
to chronic mild stress (CMS), the model of anhedonia. CMS induced reduc-
tions in DBH activity by the second day and 5th week of stress duration.
Imipramine treatment minimized these CMS-induced reductions. The data
indicate that, similarly to human depression, CMS also affects DBH activity,
and, moreover, the CMS-induced alterations are normalized by imipramine
treatment.
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INTRODUCTION

Dopamine �-hydroxylase (DBH) is a copper-
containing enzyme that uses molecular oxygen and
ascorbate to catalyze the addition of a hydroxyl
group on the beta-carbon of dopamine to form
norepinephrine (Fig. 1) [11]. Expression of DBH is
limited to adrenal chromaffin cells and a small
population of neurons. Thus, storage of DBH in se-
cretory granules in chromaffin cells requires cell
type specific factors [10].

DBH is released from sympathetic neurons into
the circulation, so it may be treated as an indicator
of their stimulation [3]. Plasma DBH activity varies
widely between individuals, and a subgroup of the
population has been shown to have very low activ-
ity levels [2, 16]. Plasma DBH is reduced in major
depression with psychosis and elevated in bipolar
disorder with psychosis compared with their re-
spective non-psychotic control groups [2, 6].
Moreover, DBH is likely a trait marker with inter-
individual variations secondary to genetic poly-
morphism [16]. Mounting evidence suggests that
the DBH structural gene is itself the major
quantitative-trait locus (QTL) for plasma DBH ac-
tivity, and a single unidentified polymorphism may
account for a majority of the variation in activity
levels. The findings of Zabetian et al. demonstrate

that –1021C � T is a major genetic marker for

plasma DBH activity that accounts for 35–52% of

its human variation [2, 16]. Therefore, plasma DBH

activity may differentiate psychotic and non-

psychotic subtypes of post-traumatic stress disor-

der as well as reflect individual vulnerabilities to

development of psychosis in the context trauma [2,

6].
The nitrosative stress, in which NO is released,

reduced the DBH activity in the neuroblastoma

cells, so it resulted in the inhibition of norepineph-

rine biosynthesis and thus might contribute to the

regulation of neurotransmission and vasodilatation

[15].
Patients with late life delusional depression

have lower DBH activity before and after hospital

treatment than age-matched nondelusional patients

or normal controls [9]. The similar decrease is ob-

served in patients with panic disorder [8].
Several depression rat models are used to rec-

ognize the etiology of the depression. Among them

is the chronic mild stress animal model of anhedo-

nia [13, 14].
The aim of the present study was to investigate

the effect of imipramine treatment on the plasma

DBH activity in the chronic mild stress (CMS) rat

model of anhedonia.

826 �
�� �� ���	��
��� ����� ��� ������ 

M. GrabowskA, M. Schlegel-Zawadzka, M. Papp, G. Nowak

OH

OH

CH
2

CH
2

NH
2

DBH (Cu++)
+ O2

Dopamine Noradrenaline

OH

OH

HOHC
CH

2

NH
2

O

OH OH

O

OH

OH
O

O O

O

OH

OH

+ HOH

Ascorbic acid Dehydroascorbic acid

Fig. 1. Mechanism of the dopamine �-hydroxylase action



MATERIALS and METHODS

CMS procedure

Male Wistar rats (our own breeding stock) were
brought into the laboratory two months before the
start of the experiment. Except as described below,
the animals were singly housed in plastic cages
(40 × 25 × 15 cm) with food (Labofeed B, Kcynia,
Poland) and tap water freely available, and were
maintained on a 12-h light/dark (lights on at
8 a.m.), at a constant temperature (22 ± 2°C) and
humidity (50 ± 5%) conditions. At the start of ex-
periments, the animals weighted approximately
200 g. One group of animals was subjected to
a CMS procedure (see [12, 13] for details). Each
week of the stress regime consisted of: two periods
of food and water deprivation, two periods of 45-
degree cage tilt, two periods of intermittent illumi-
nation (light on and off every 2 h), two periods of
soiled cage (200 ml water in sawdust bedding), two
periods of paired housing, two periods of low in-
tensity stroboscopic illumination (150 flashes/min),
and two periods of no stress. All stressors were of
a 12–14 h duration and were applied continuously,
day and night. The second group of control (sham)
animals was housed in a separate room and had no
contact with the stressed animals. Control groups
and groups under stress were divided into 2 sub-
groups and during 5 weeks saline or imipramine
(10 mg/kg ip, Polfa Starogard, Poland) were ad-
ministered. After 2 days from the beginning and at
intervals of 1, 2 and 5 weeks of the experiment,
animals were sacrificed and blood plasma was col-
lected and stored at –70°C. The study was con-
ducted in compliance with the Polish Animal Pro-
tection Law of August 21, 1997.

DBH assay procedure

The DBH activity in plasma was determined by
the Nagatsu and Udenfriend method, modified by
Grabowska and Guminska based on the oxidation
of tyramine to octopamine [4]. The octopamine
was oxidized to p-hydroxybenzaldehyde. The ab-
sorbance of the latter was measured spectropho-
tometrically at 330 nm. The results were expressed
in �mol/min/l.

Statistical analysis

Group differences were assessed using the un-
paired Student t-test and nonparametric one-way

analysis of variance (Kruskal-Wallis Test). Data
were considered significant when p < 0.05.

RESULTS

CMS significantly altered the DBH activity in
plasma of the studied animals [Kruskal-Wallis Test
(df = 15, N = 111) = 36.37, p = 0.0016]. The aver-
age DBH activity in plasma of control animals
ranged from 53.49 to 57.77 �mol/min/l (Tab. 1).
Two days of CMS reduced the DBH activity (by
32%, p = 0.0099). After 1 and 2 weeks of CMS, the
nonsignificant increase in the DBH activity was
observed (Tab. 1). Five weeks of CMS treatment
resulted in a 58% reduction of the DBH activity (p
= 0.0098) (Tab. 1).
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Imipramine did not influence the DBH activity
in non-stressed animals (Tab. 1). However, imi-
pramine increased (normalized) the CMS-induced
reduction in the DBH activity after 2 days and
5 weeks of exposure to stress, the latter results were
significant (p = 0.0002) (Tab. 1). Moreover,
CMS + Imipramine group exhibited significantly
lower DBH activity compared with Control + Imi-
pramine (p = 0.0493) or CMS groups (p = 0.0033)
(measured after 2 weeks).
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DISCUSSION

Chronic treatment with imipramine signifi-
cantly increases the density of noradrenergic axons
in the frontal cortex in the model of depression in
rats. Additionally, there was a correlation between
the density of noradrenergic axons and the recovery
rate of activity [7]. These results suggest that corti-
cal noradrenergic degeneration is involved in the
pathogenesis of depression.

The present results demonstrated that CMS re-
duced DBH activity at the 2nd day and 5th week of
CMS. Thus, after initial alterations (reduction at
2nd day and increasing tendency thereafter) CMS
lowered DBH activity. This suggests that the pat-
terns of changes in plasma DBH activity is similar
in CMS and clinical depression [5, 8, 9]. The
CMS-induced lowered DBH activity (at 5th week)
was normalized by imipramine. This suggests that
imipramine, a mixed noradrenaline/serotonin reup-
take inhibitor with stronger noradrenergic compo-
nent (after being metabolized to desipramine) [7],
normalized CMS-induced alterations of DBH ac-
tivity. CMS induces behavioral alteration in rats
(reduction of an intake of a sweet solution), which,
with some reservation, models anhedonia in hu-
mans [14]. Anhedonia is a core symptom of human
depression and, therefore, CMS is an established
animal model. Imipramine is able to normalize
CMS-induced DBH alterations, thus DBH activity
is likely related with this behavioral symptom of
depression.

As described in the Introduction, alterations in
plasma DBH activity are present in affective disor-
ders, especially with psychotic features [2, 6].
Moreover, the importance of this enzyme in the
mechanism of antidepressant agents was demon-
strated recently. In mice with disrupted DBH gene
antidepressants from different groups (noradrener-
gic or serotonergic reuptake inhibitors, monoamine
oxidase inhibitors) failed to respond in tail suspen-
sion test [1]. These data indicate importance of an
intact DBH system in antidepressant-like activity.

Summarizing, this is the first demonstration
that an antidepressant drug counteracts the CMS-
induced reduction of plasma DBH activity.
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