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The dynamics of dopamine and norepinephrine contents in the dorsal hippocampus of
rats immunized with a dopamine-BSA conjugate was studied during immobilization
stress by mean of the microdialysis technique. Immunization with dopamine conjugate
was accompanied by intensive production of antibodies against dopamine in rat blood
and a tendency toward an increase in dopamine content in the dorsal hippocampus even
in the basal state (before stress exposure). Under stress conditions, dopamine content in
the dorsal hippocampus of immunized rats significantly increased. In control rats, stress
was accompanied by a significant increase in norepinephrine content in the dorsal
hippocampus. The observed peculiarities in dopamine and norepinephrine contents in
the dorsal hippocampus of rats immunized with a dopamine conjugate were typical of
active animals more resistant to emotional stress.
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Study of the central mechanisms of emotional stress
and development of new methods for correction of
individual resistance to stress are urgent problems of
modern physiology [4]. Adaptation of the organism
to stress is determined by a complex of neurophy-
siological mechanisms; an important role is played by
processes taking place in the hippocampus [9]. Immu-
nization of animals to neurotransmitters is a possible
way for correction of neurotransmitter mechanisms [2].

We studied the dynamics of dopamine and nor-
epinephrine contents in the dorsal hippocampus of
rats immunized with a dopamine conjugate during
emotional stress.

MATERIALS AND METHODS

Experiments were performed on 50 male Wistar
rats weighing 250-300 g. The animals were kept
under standard conditions (daytime 8.00-20.00) and
had free access to water and food. Stress was pro-
duced by immobilization (fixation of the limbs to a
platform for 1 h) accompanied by moderate sto-
chastic electrocutaneous stimulation. The strength
of stimulation was selected by the vocalization
threshold.

After 1-week adaptation, the rats were tested in
an open field for evaluation of individual beha-
vioral characteristics. According to open-field be-
havior, the animals were divided into 3 groups: rats
with high, low, and intermediate exploratory ac-
tivity.
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A conjugated antigen of dopamine and BSA
was synthesized as described elsewhere [1]. The
rats were immunized according to a standard scheme.
The conjugate (2 mg/kg) with complete Freund’s
adjuvant (1:1, total volume 0.5 ml) was injected
subcutaneously into 2 sites on the back. The second
injection of the conjugate (10 mg/ml) with incom-
plete Freund’s adjuvant (1:1, total volume 0.5 ml)
was performed 2 weeks after the first treatment.

The study was conducted 1 week after the last
injection. The production of antidopamine antibo-
dies was measured by solid-phase enzyme immuno-
assay on a Dynatech mini-reader. Dopamine conju-
gated with heterologous protein carrier (equine γ-glo-
bulin) was synthesized as described elsewhere and
used as the test antigen [1].

Microdialysis probes were implanted into the
dorsal hippocampus of narcotized rats (400 mg/kg
chloral hydrate) on day 23 after the start of immu-
nization. Coordinates of the dorsal hippocampus
were selected according to the atlas of rat brain [6].
We used concentric probes with a membrane pore
size of 20 kDa. Dialysates were collected 48 h after
surgery. Each dialysate was collected for 20 min.
The probes were perfused for 2 h before the start
of the study to achieve equilibrium between sub-
stances at both sides of the membrane. The scheme
of the study included consecutive collection of 8
dialysate samples. The first 2 samples were col-
lected under rest conditions. Then the rats were
fixed to a platform (start of collection of the 3rd
dialysate sample). The 3rd, 4th, and 5th samples
were collected during stress and the 6th, 7th, and
8th samples were collected after the end of stress.
The rats were decapitated 1 h after stress. The con-
tent of antibodies to dopamine in blood samples
was measured.

The contents of dopamine, norepinephrine, and
serotonin in dialysates were measured by HPLC
with electrochemical detection using a LC-304T
chromatograph (BAS, West Lafayette) equipped
with a Rheodyne 7125 injector and 20-µl loop for
sample application. Substances were separated on
a Hypersil BDS C18 reversed-phase column (4 µ,
4.6×100 mm) and detected electrochemically using

a LC-4B amperometric detector with a TL-5 well
(BAS, West Lafayette). The study was performed
at 0.85 V using an Ag/AgCl reference electrode.

The data were processed using Statistica 5.5
software. The significance of differences was esti-
mated by analysis of variance and Student’s t test.

RESULTS

The titer of antidopamine antibodies in the blood
of rats immunized with dopamine-BSA conjugate
varied from 1:512 to 1:4096. Dopamine content in
the dorsal hippocampus of rats immunized with
dopamine conjugate and control animals was mea-
sured under rest conditions (Table 1). Under rest
conditions, the mean content of dopamine in 2
dialysate samples from the dorsal hippocampus of
rats immunized with dopamine conjugate was higher
than in control animals (3.26±1.27 vs. 1.76± 0.48
pmol/20 min, respectively). The content of nor-
epinephrine underwent opposite changes. Under
rest conditions, the mean content of norepinephrine
in the first 2 dialysate samples from the dorsal hip-
pocampus of immunized rats was slightly lower
than in control animals (1.33±0.35 vs. 2.23±0.65
pmol/20 min, respectively, Table 1).

Immobilization stress was accompanied by dif-
ferent changes in the contents of dopamine and
norepinephrine in the dorsal hippocampus of rats
of both groups (Figs. 1 and 2). During the first 20
min of immobilization stress dopamine content in
immunized rats significantly increased (8.092±
1.910 vs. 5.81±1.34 pmol/20 min under rest con-
ditions, p<0.05). In nonimmunized rats dopamine
content tended to decrease over the first 20 min of
stress (5.64±1.78 vs. 5.82±1.84 pmol/20 min under
rest conditions). Dopamine content in immunized
rats was much higher than in control animals (F(1.22)=
2.85, p<0.05, Fig. 1). After the end of stress, dopa-
mine content in rats immunized with dopamine con-
jugate remained at a higher level compared to that
in control animals.

Immobilization stress was accompanied by chan-
ges in norepinephrine content in the dorsal hippo-
campus (Fig. 2). Over the first 40 min of stress,

Bulletin of Experimental Biology and Medicine, Vol. 143, No. 4, 2007 GENERAL PATHOLOGY AND PATHOPHYSIOLOGY

TABLE 1. Neurotransmitter Content in the Dorsal Hippocampus of Control Rats and Animals Immunized with Dopamine
Conjugate under Rest Conditions (pmol/20 min, M±m)

Dopamine 1.92±0.51 1.60±0.46 2.71±1.12 3.77±1.43

Norepinephrine 1.74±0.51 2.65±0.76 1.64±0.43 1.04±0.22

Parameter
2nd dialysate1st dialysate

Immunized ratsControl group

2nd dialysate1st dialysate



401

norepinephrine content in the dorsal hippocampus
of control rats significantly increased and surpassed
that in immunized animals (F(1.17)=3.36, p<0.05,
Fig. 2). Norepinephrine content tended to increase
in immunized animals. Norepinephrine content in
the dorsal hippocampus of control rats increased
over the first 20 min after the end of stress (p<0.05
compared to the basal level, Fig. 2) and was much
higher than in animals immunized with dopamine
conjugate (F(1.21)=8.36, p<0.01). Over 60 min after
stress, norepinephrine content in the dorsal hippo-
campus of control rats remained higher than in
immunized animals (Fig. 2).

Our results indicate that immunization with
dopamine-BSA conjugate is accompanied by chan-
ges in the central dopaminergic and noradrenergic
mechanisms of the immobilization stress reaction in
the dorsal hippocampus. Under rest conditions, do-
pamine content in immunized rats with high blood
titter of antidopamine antibodies is higher than in
control animals. During stress exposure, dopamine
content in the dorsal hippocampus significantly
increases in immunized rats, but remains unchan-
ged in nonimmunized animals. The stress-induced
increase in norepinephrine content in the dorsal
hippocampus was not observed after treatment with
dopamine conjugate. During stress exposure and
over the first 20 min after the end of stress, nor-
epinephrine content in control rats was higher than
in animals immunized with dopamine conjugate.

The effects of immunization with dopamine
conjugate on central neurotransmitter mechanisms
of the stress response in rats are probably related

to the influence of antidopamine antibodies. The
titer of these antibodies in the blood is high in im-
munized rats. The effect of peripheral antidopamine
antibodies on dopamine content in the dorsal hippo-
campus, which is separated from the blood by the
blood-brain barrier, can be associated with changes
in the permeability of the blood-brain barrier under
stress conditions [5]. Published data show that tran-
sitory hypertension induced by epinephrine injec-
tion (1 min) is followed by an increase in blood-
brain barrier permeability for G antibodies, which
can be detected in the brain parenchyma [10]. More-
over, polypeptides can migrate from the peripheral
circulation into the brain tissue via circumventricu-
lar structures devoid of the blood-brain barrier [8].

Previous studies showed that thermal stimula-
tion of the tail results in an increase in dopamine
content in the medial prefrontal cortex of beha-
viorally active rats, which are characterized by low
incidence of freezing behavior and short time of
grooming [7]. High locomotor and exploratory acti-
vity is associated with individual resistance of ani-
mals to emotional stress [3]. The content of neuro-
transmitters in the dorsal hippocampus of rats im-
munized with dopamine conjugate and subjected to
immobilization stress can illustrate central mecha-
nisms underlying the increase in the individual pro-
gnostic resistance to emotional stress.

Our results on norepinephrine content in the
dorsal hippocampus of rats are consistent with the
notion that immunization with dopamine conjugate
increases the individual resistance to emotional
stress in rats. Evaluation of the role of norepineph-
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Fig. 1. Dopamine content in the dorsal hippocampus of control
rats (n=10, 1) and animals immunized with dopamine conjugate
(n=18, 2). Here and in Fig. 2: *p<0.05 compared to the control
group.

Fig. 2. Norepinephrine content in the dorsal hippocampus of control
rats (n=9, 1) and animals immunized with dopamine conjugate
(n=18, 2).
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rine in the stress reaction revealed a direct cor-
relation between the stress response and increase in
norepinephrine content in various brain structures.
For example, rats characterized by severe ulcera-
tion in the gastric mucosa under conditions of un-
predictable electrocutaneous stimulation exhibit a
more significant increase in norepinephrine content
in brain structures [12]. Previous studies demon-
strate that significant activation of noradrenergic
mechanisms in the brain under stress conditions is
accompanied by severe ulceration and hyperactiva-
tion of the hypothalamic-pituitary-adrenal axis
[11]. We showed that the reactivity of noradrener-
gic mechanisms in the dorsal hippocampus of rats
immunized with dopamine conjugate decreases du-
ring immobilization stress. These changes probably
underlie the increase in the individual resistance of
animals to stress.

Immunization of rats with dopamine-BSA con-
jugate is accompanied by changes in the neuro-
chemical mechanisms of the stress response in the
dorsal hippocampus. Variations in the contents of
dopamine and norepinephrine in the dorsal hippo-
campus of rats immunized with dopamine conju-
gate are typical of active animals more resistant to
emotional stress. These central neurochemical me-
chanisms of the stress response in the dorsal hip-
pocampus probably underlie the antistress effect of
immunization with dopamine conjugate.
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