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Abstract The aim of the present article is to review

experimental evidence which suggest joint involvement of

both the dopaminergic and neurotensinergic systems in

stress conditions. At present, the concept of stress refers to

an environmental demand exceeding the normal regulatory

ability of an organism, particularly during unpre-

dictable and uncontrollable situations. Chronic stress yields

devastating effects including cognitive and working

memory dysfunctions, for which neurotransmission medi-

ated by the catecholamines dopamine and noradrenaline is

crucial. Catecholamine synthesis depends on the rate-lim-

iting enzyme, tyrosine hydroxylase, whose expression is

associated with working memory and the response to

chronic stress. Neurotensin is a tridecapeptide widely dis-

tributed in the nervous system, at both central and

peripheral levels, which behaves as a neurotransmitter or

neuromodulator. It mediates diverse biological actions

including reward, locomotion, pain modulation and stress.

Neurotensin and its high affinity NTS1 receptor are densely

localized in areas that process emotion (amygdala nucleus),

cognition (such as hippocampal nuclei and cortical areas)

and the response to stress (hypothalamic nucleus). Exper-

imental evidence indicates a crosstalk between the

dopaminergic and the neurotensinergic systems either from

an anatomical or a biochemical point of view. It is sug-

gested that a concomitant alteration of dopaminergic and

neurotensinergic systems takes place in diverse stress

conditions.
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This review is far from exhaustive but rather is intended to

highlight specific issues with attention placed on the rela-

tion between dopamine and neurotensin in the stress con-

dition. Under each subheading, the reader is directed to a

few selected original articles as well as to complete review

articles.

Literature regarding interactions in functioning of

dopaminergic and neurotensinergic systems is abundant

and the reader may consult very well documented and

extensive reviews. The aim of the present article is to

review experimental evidence which suggests joint

involvement of both the dopaminergic system and neu-

rotensinergic systems in stress conditions.

Basic Concepts of Stress

The most recent revised concept of stress has been defined

as ‘‘any environmental demand that exceeds the physio-

logical regulatory capacity of an organism’’[1], particularly
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‘‘during situations of unpredictability and uncontrollabil-

ity’’ [2]. The major neuroendocrine and physiological

stress response to a threat from a dangerous situation that

triggers the ‘fight-or-flight’ response is the activation of the

hypothalamic–pituitary–adrenal (HPA) axis. Activation of

the HPA axis is triggered by corticotrophin releasing factor

in the paraventricular nucleus that induces adrenocorti-

cotropic hormone (ACTH) release from the pituitary,

which in turn releases glucocorticoids from the adrenal.

The end product of HPA axis activation (i.e. the release of

glucocorticoids by the adrenal gland) serves to alert an

organism to environmental and physiological changes and

to maintain homeostasis [3]. However, another core neu-

roendocrine response to stressful stimuli is the activation of

the autonomic nervous system, which results in a rapid

release of noradrenaline in the brain, by activation of locus

cerulean neurons. The release of corticotrophin releasing

factor as neurotransmitter in the locus coeruleus leads to

the activation of medullary centers, which control the

sympathetic nervous system. Sympathetic processes may

stimulate a neural pathway via ganglia, and an endocrine

pathway that elicits the release of catecholamines, epi-

nephrine and norepinephrine, into the circulation by the

adrenal glands. Circulating catecholamines stimulate

effector organs via specific adrenergic receptors [4]. Nev-

ertheless, it has nowadays become evident that the dopa-

mine system plays a key role in the response to stress, most

especially in the pathological response observed in many

psychiatric disorders.

Dopaminergic System and Stress

The catecholamine dopamine serves as a neurotransmitter

in several important pathways in the CNS where it controls

a variety of functions including locomotor activity, cog-

nition, emotion, positive reinforcement, food intake, and

endocrine regulation [5]. Neurons in the adult bilateral

mesodiencephalic dopamine system (A8–A10) give rise to

prominent forebrain projections and receive inputs from

various other brain regions. Dopamine containing neurons

can be divided into four main groups: nigrostriatal,

mesolimbic, mesocortical and tuberohypophysial [6].

Dopamine is synthesized from the essential aminoacid

tyrosine by the rate-limiting enzyme, tyrosine hydroxylase

(TH), to form L-3, 4-dihydroxyphenylalanine (L-DOPA).

L-DOPA is thereafter decarboxylated by aromatic L-amino

acid decarboxylase to form dopamine [7]. All known

physiological functions of dopamine are mediated by five

subtypes termed D1 to D5 dopaminergic receptors. All are

G-protein-coupled receptors (GPCRs) with seven

hydrophobic domains, an extracellular N-terminus and an

intracellular C terminus segment. Based on their property

to couple to either Gas proteins or Gai proteins that

stimulate or inhibit the production of the second messenger

cAMP, respectively, dopamine receptors are classified as

D1-class receptors (D1 and D5) or D2-class receptors (D2,

D3 and D4) [8, 9]. The D1 receptor is the most widespread

dopamine receptor and is found in the nucleus accumbens,

amygdala, caudate putamen and prefrontal cortex. D5 is

mostly expressed in the frontal cortex, hippocampus and

caudate putamen. The three D2 type receptors D2, D3 and

D4 are primarily expressed in the nucleus accumbens, and

olfactory tubercle. In addition, D2 is also expressed in

caudate putamen, D3 in Island of Calleja and ven-

trotegmental area, and D4 in hippocampus, caudate puta-

men and frontal cortex [5, 10].

Several studies in the past decades, have convincingly

demonstrated that DA plays a key role in the response to

stress, and that the DA system is activated by maintained

stressful stimuli [11]. Out of the four main pathways

described, the mesolimbic system seems to be mainly

implicated in this response since it is involved in the pro-

cessing of natural and artificial rewards mediating the

hedonic aspects of rewarding stimuli [12], acting as a

learning signal for behavioural reinforcement [13], and

involved in motivation and attention processes [14, 15].

It is well known that chronic stress yields devastating

effects including cognitive and working memory dysfunc-

tions, for which transmission mediated by catecholamines

dopamine and noradrenaline in the prefrontal cortex is

crucial. Since catecholamine synthesis depends on the rate-

limiting enzyme TH, this enzyme is thought to play an

important role in prefrontal cortex function. There is an

association between tyrosine hydroxylase expression in the

prefrontal cortex and working memory, which produces

two distinct population of rats in terms of working memory

capacity and response to chronic stress [16].

Acute footshock stress leads to activation of TH in the

locus coeruleus, pre-synaptic terminals in the mPFC and

adrenal medullary chromaffin cells, as well as changes

inactivity of the HPA axis [17]. On the other hand, acute

immobilization prevents locus coeruleus TH mRNA levels

from rising significantly, while glucocorticoids appear to

decrease their capacity to restrain locus coeruleus TH

mRNA during repeated immobilization [18].

There seems to be links between catecholamines

(norepinephrine and dopamine) with corticotrophin-re-

leasing factor and drug addiction. To illustrate, compulsive

drug use associated with dependence is mediated by loss of

function of reward systems and recruitment of key brain

stress systems such as corticotrophin-releasing factor and

norepinephrine in the extended amygdala. It has been

advanced that addiction processes involve a profound

activation of stress systems in the brain that interact but are

independent of hormonal stress systems [19]. The ability of
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drug of abuse to enhance extracellular concentrations of

dopamine in the nucleus accumbens seems to be a crucial

common denominator for the development of drug addic-

tion [20] and corticotrophin-releasing factor participates in

stress-induced drug abuse [21].

Early life stress has also been largely studied in relation

to the dopaminergic neurotransmission. Restraint stress

exerted onto the pregnant dam produces long lasting effects

on the dopaminergic development of the offspring.

Accordingly, prenatal stress increases dopamine D2

receptors in limbic areas, decreases dopamine stimulated

release in cortical areas whereas it increases in NAc, dis-

rupts the dopamine-glutamate balance and impairs the

expression of specific TFs along development as well as

the expression of TH and transporters [22].

Neurotensinergic System and Stress

Neurotensin is a tridecapeptide widely distributed in the

nervous system, at both central and peripheral levels. It can

behave as a neurotransmitter or as a neuromodulator,

exerting diverse biological actions [23]. Neurotensin is

involved in various processes, such as reward, locomotion,

pain modulation and stress. Administration of neurotensin to

the central nervous systemproduces awide variety of effects,

including the regulation of the stress response [24, 25].

Neurotensin actions are mediated by its binding to a

group of receptors [26]. Two of them, denominated NTS1

and NTS2 receptors, bind neurotensin with high and low

affinity, respectively. Both belong to the seven transmem-

brane domain receptors family coupled to G proteins.

Another two neurotensin receptor types are mainly local-

ized intracellularly and are termed NTS3/sortilin and nts4/

SorLA [27]. The diverse functions of neurotensin at central

nervous system have been reviewed [28].

Radioimmunoassays carried out in brain of a variety of

species disclosed neurotensin distribution. High levels of

this peptide are found in hypothalamus and basal forebrain,

intermediate concentrations are found in basal ganglia,

brainstem and dorsal horn of the spinal cord whereas low

levels are found in thalamus and cortex (see [25, 29]). Most

interesting, neurotensin and NTS1 receptor are densely

localized in areas that process emotion (amygdala nucleus),

the response to stress (hypothalamic nucleus) and/or cog-

nition (such as hippocampal nuclei and cortical areas) (see

[30]).

Glucocorticoids and their receptors are present in most

neuronal cells, in accordance with their widespread actions

on neuronal metabolism and are known to be key elements

in the stress situation. Steroid hormones released from

peripheral endocrine glands may directly regulate brain

functions through specific brain areas. These effects may

be rapid or alternatively, involve long-term changes at the

genomic level (for references, see [31]). High densities of

neurotensin terminals and neurotensin binding are present

in the parvocellular division of the paraventricular nucleus

where corticotrophin-releasing factor-producing neurons

are present [32, 33].

Intracerebroventricular administration of neurotensin

enhances plasma levels of adrenocorticotropic hormone

from anterior pituitary and corticosterone from adrenal

gland [33, 34]. It has been suggested that endogenous

neurotensin regulates HPA axis activity in stress condition

by increasing corticosterone plasma levels [33, 35–38].

Data from recent years have accumulated suggesting that

neurotensin is physiologically involved in the regulation of

the HPA axis, modulating ACTH and corticosterone

release. Several studies including administration of neu-

rotensin, lesion of the hypothalamus and antagonist

administration among others, illustrate this observation:

(a) Central administration of neurotensin activates the HPA

axis, an effect most likely dependent upon the release of

corticotrophin-releasing factor. Film and emulsion autora-

diography shows that 125I-neurotensin labels hypothalamic

nucleus, with relatively high densities of neurotensin

binding sites in the paraventricular nucleus. SR 48692 and

its analogue 48,450, antagonists for NTS1 receptor, com-

pete for 125I-neurotensin binding. These findings indicate

that the hypothalamus and the HPA axis may be the

anatomical substrate for neurotensin effects on neuroen-

docrine functions (for references, see [33]). (b) Bilateral

lesions of the paraventricular nucleus of the hypothalamus

markedly reduces neurotensin stimulation of ACTH and

corticosterone release, indicating that the paraventricular

nucleus is essential for neurotensin stimulatory action [35].

During heat stress significant elevations in blood level of

corticosterone and ACTH, indicators of the HPA axis, are

recorded. At the same time, neurotensin increases in the

hypothalamus but diminishes in the nucleus accumbens

[39]. (c) HPA function was studied under basal conditions

and during restraint stress after central administration of

NTS1 receptor antagonist SR 48692. Chronic administra-

tion of this antagonist to the paraventricular nucleus of the

hypothalamus attenuates both diurnal and stress-induced

enhancements in HPA activity. SR 48692 diminishes the

diurnal enhancement in plasma ACTH and corticosterone

during the evening phase of the cycle whereas it fails to

modify morning levels. Restraint-induced enhancement in

plasma ACTH and corticosterone levels are also reduced in

SR 48692 treated animals. Results suggested that SR 48692

effects are restricted to periods of stimulated HPA activity.

A decrease in corticotrophin-releasing hormone-like

immunoreactivity is observed in the paraventricular

nucleus following chronic SR 48692. Besides, a parallel

decrease in corticotrophin-releasing hormone-like
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immunoreactivity is recorded in the external area of the

median eminence. Findings suggest that endogenous neu-

rotensin leads to the increase in HPA activity during

periods of enhanced stimulation (for references, see [36]).

(d) The secretion of ACTH depends on hypophysiotrophic

factors released from neurons of paraventricular nucleus of

the hypothalamus. Potential role of neurotensin in the

regulation of the different components of the HPA axis

under basal and stress conditions have been investigated.

Implants of SR 48692 above the paraventricular nucleus

reduce ACTH and corticosterone plasma levels after tail

cut procedure. Besides, exposure of animals to a novel

environment for 30 min reduces ACTH and corticosterone

plasma levels in the SR 48692 treated group. Chronic

administration of SR 48692 reduces corticotrophin-releas-

ing factor mRNA in the parvocellular division of the par-

aventricular nucleus of the hypothalamus. This treatment

likewise enhances vasopressin and vasopressin mRNA

levels in the magnocellular neurons of the paraventricular

nucleus whereas oxytocin plasma levels are not affected.

Findings suggest that endogenous neurotensin in the par-

aventricular nucleus plays a tonic stimulatory role on HPA

axis but an inhibitory effect on vasopressin secretion (for

references, see [35]).

It is known that stress activates neural systems that

suppress pain sensation, denominated stress-induced anal-

gesia [40], in which neurotensin plays an important role

[27]. In fact, exogenous neurotensin produces pain inhibi-

tion regardless of the way of administration or the anal-

gesic test employed [41]. Stress-induced analgesia

following water avoidance or restraint stress is reduced in

neurotensin-deficient mice. Moreover, genetic and phar-

macological approaches show that NTS2 receptors mediate

this non-opiod stress-induced analgesia. Accordingly, mice

lacking NTS2 receptor exhibit reduced stress-induced

analgesia following cold water swim stress [38].

Reports on the effect of stress on the NT system, mostly

depends on the type of stress as much as the brain area

studied. To offer some few examples, cold swim stress

exerts an increase of the NT mRNA in the lateral

hypothalamus and the medial preoptic area [42]. Cold

water restraint decreases NT mRNA and levels of NT in

Nucleus accumbens, increases NTR binding sites and

decreases NTR mRNA. [43], Whole-body vibration stress

exerts an increase of NT-like immunoreactivity in frontal

cortex and hypothalamus [44]. Evidence indicates that

stress during postnatal development is associated with

enhanced risk for anxiety disorders, depression as well as

substance abuse later in life. Maternal separation enhances

freezing behaviours in fear-conditioned stress and decrea-

ses the gene expression of NTS1 receptor but not that of

neurotensin or NTS2 receptor in amygdala of adult rats (for

references, see [30]).

Taken together these studies clearly demonstrate not

only that the infliction of a stress insult alters the neu-

rotensinergic system but that neurotensin exerts a physio-

logical modulation of the HPA axis.

Interactions Between Dopaminergic
and Neurotensinergic Systems

There is nowadays little doubt on the existing interaction

between dopaminergic and neurotensinergic systems both

from an anatomical and a biochemical point of view [45,

46]. To illustrate the anatomical distribution, main areas

and pathways for both systems are shown in Fig. 1. For a

detailed background on the experimental evidence sup-

porting this interaction the reader is referred to excellent

reviews on this subject [25, 47]. In brief, there are

anatomical and functional interactions between neu-

rotensin, the mesotelencephalic dopamine system and

structures innervated by dopaminergic projections [46].

Experimental results come from several approaches,

including the study of neurotensin effects on the mesote-

lencephalic dopaminergic projections, the action of dopa-

mine on neurotensin levels in some brain areas (striatum,

ventral mesencephalon and limbic forebrain), the detection

of neurotensin (immunohistochemically) or that of

Fig. 1 Schematic representation of the main dopaminergic (a) and

neurotensinergic (b) pathways in the rat brain. It should be noted that

both neurotransmitters are localized in areas that are related to the

response to stress (such as hypothalamic nucleus), as well as in areas

that process emotion (such as amygdala nuclei) and/or cognition

(such as hippocampal nuclei and cortical areas). DFC dorsal frontal

cortex, PFC prefrontal cortex, Hip Hippocampus, Cpu caudate

putamen, Nac nucleus accumbens, SN sustantia nigra, VTA ventral

tegmental area, ENT Cx entorhinal cortex, LS lateral septum, PIR

piriform area, Amy amygdala
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neurotensin/neuromedin mRNA after dopamine receptor

blockade and stimulation at striatum (for original articles,

see [25]).

Moreover, evidence obtained from biochemical bind-

ing, microdialysis, electrophysiological and co-immuno-

precipitation studies, as well as from biophysical

approaches, specially bioluminescence resonance energy

transfer (BRET2) (see [47, 48] for references) has con-

vincingly demonstrated the existence of an heteromer

composed by the NTS1 receptor and dopaminergic D2

receptor. Both receptors are GPCRs but dopaminergic D2

receptor family exhibits a wide variety of signaling

diversity which is due to numerous factors, including the

ability of receptors to adopt multiple active states with

particular effector-coupling profiles. Among this is the

ability to form homo- or heterodimers with proper sig-

naling, pharmacology as well as receptor activation from

desensitization and internalization [49]. Allosteric mech-

anisms between these receptors may be operative and

selective antagonistic NTS1 receptor-D2 receptor inter-

actions enhance the diversity of dopamine signaling by

decreasing dopaminergic D2 receptor-mediated dopamine

signaling over dopaminergic D1 receptor-mediated

dopamine signaling [50].

It is important to point out that the effects of neurotensin

on the dopamine system has the obvious potential impli-

cation in many diseases of the CNS traditionally linked to

dopamine such as stress, schizophrenia, psychostimulant

drug abuse and Parkinson among others [25, 47, 51]. It is of

interest to remark that among all these pathologies, par-

ticular attention should be considered in relation to drug

abuse and stress, as already pointed out [25].

Concomitant Alteration of Dopaminergic
and Neurotensinergic Systems Under Stress
Condition

As mentioned above many pathological conditions has

been linked to stress and a wealth of studies suggest a link

between central DA systems and the HPA axis. Since

neurotensin system spreads consistently in the DAergic and

HPA axis, it has been suggested that neurotensin play a

critical role in mediating the linkage.

The exposure to acute mild footshock produces a

selective and regionally specific enhancement in neu-

rotensin-like immunoreactivity concentrations in the ven-

tral tegmental area. It should be recalled that this area is the

source of the dopaminergic innervation of the mesocortical

and mesolimbic dopaminergic regions. Interestingly, levels

of dopamine metabolite, 3, 4-dihydroxyphenylacetic acid,

increase only in the ventral tegmental area and medial

prefrontal cortex. These findings led to the suggestion that

neurotensin in the ventral tegmental area is involved in

activation of certain mesotelencephalic dopamine neurons

[52].

The central amygdaloid nucleus is part of the amyg-

daloid body, known to participate in several stress related

situations. Immunocytochemical studies disclosed that this

area is densely innervated by nerve terminals containing

factors potentially involved in stress. Some of them are TH,

corticotrophin releasing factor and neurotensin.

Immunoreactivity for corticotrophin releasing factor and

neurotensin are present in perikarya of numerous neurons

in this area (for references, see [53]). Stress stimulates the

expression of the immediate early gene c-fos in parvocel-

lular neurons of the paraventricular nucleus, many of its

neurons also contain corticotrophin-releasing factor

immunoreactivity [54]. Besides, after stress immobiliza-

tion, colocalization of Fos and glucocorticoid receptor-like

immunoreactivities was shown in the amygdaloid complex

[50]. Immunocytochemical double staining disclosed

colocalization of the Fos-immunoreactive neurons with

peptide and TH containing structures. Immobilization

stress enhances Fos, peptide and TH immunoreactive

neurons. These results suggest that stress increases the

synaptic activity of the central amygdaloid nucleus, which

stimulates c-fos expression. In turn, Fos may regulate the

expression of several peptide genes, including those for

neurotensin and corticotrophin releasing factor, thus

affecting the peptidergic efferent from the central amyg-

daloid nucleus (for references, see [53]).

Catecholamines and neurotensin in the central amyg-

daloid nucleus have been implicated in the integration of

the autonomic response to stress. The cellular substrate for

this integration was investigated with rat antiserum against

neurotensin and rabbit antiserum against catecholamine-

synthesizing enzyme, TH. These studies led to the ultra-

structural localization and dual localization in the central

amygdaloid nucleus by peroxidase-antiperoxidase and

immunoautoradiography methods. In single and dual

labeling assays, neurotensin-like immunoreactivity is

detected in perikarya and processes. In the dual labeling

assay, perikarya contain only neurotensin-like immunore-

activity while nerve endings contain TH and/or neu-

rotensin-like immunoreactivity. Findings indicate that in

rat central amygdaloid nucleus two populations of neurons

differ regarding to the distribution of neurotensin, and that

the output from neurons containing neurotensin is modu-

lated by direct input from nerve endings containing neu-

rotensin and/or catecholamines [55]. The release of

neurotensin and catecholamines (most likely dopamine),

from the same or from distinct nerve terminals on common

targets in the central amygdaloid nucleus may explain

certain similarities in the functions of these neuroactive

substances related to stress [55].
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There is evidence indicating that neurotensin modulates

selectively the dopamine mesolimbic system when com-

pared with the mesocortical pathway. Daily i.p. adminis-

tration of SR 48692 to rats for 15 days leads to the increase

in the expression of tyrosine hydroxylase mRNA and

protein in the ventral mesencephalon. Simultaneous in vivo

microdialysis in the nucleus accumbens shell and the

medial prefrontal cortex discloses that neurotensin receptor

blockade for 15 days decreases basal dopamine extracel-

lular levels and its metabolites in the nucleus accumbens

shell whereas dopamine levels in the medial prefrontal

cortex remain unchanged. In animals subjected to a forced

swimming stress, which enhances extracellular dopamine

levels in the medial prefrontal cortex, administration of SR

48692 fails to modify the stress-induced enhancement in

dopamine.

Another interesting result is related to the modulation of

mesencephalic dopamine neurons by glucocorticoids. The

repeated treatment with the neurotensin receptor antagonist

fails to modify basal levels of free corticosterone but

reduces the increase induced by forced swimming stress

[37]. These findings suggest the involvement of NTS1

receptor in the modulation of mesencephalic dopamine

neurons in the stress behaviour.

The human neuroblastoma cell line CHP212 expresses

functional high affinity NTS1. The exposure of these cells

to JMV 449, a stable neurotensin agonist, increases TH

protein and mRNA. JMV 449 effect occurs by an increase

in the transcriptional activity of the TH gene. These find-

ings indicate that modulation of TH gene expression may

be one of the mechanisms involved in dopamine trans-

mission control by neurotensin. It has been suggested that

the observed changes may likewise participate in adapta-

tion processes at central nervous system where neurotensin

is released, such as food intake and stress condition [56].

To sum up, the key lines of evidence for the co-ordinate

functions of the dopamine and neurotensin systems under

stress condition arise from immunocytochemical studies.

Within this context, the areas more critically involved are

the ventral tegmental area, the central amygdaloid nucleus,

the mesotelencephalus and the medial prefrontal cortex.

These examples clearly illustrate the close interrelation

between the neurotensinergic and the dopaminergic sys-

tems and, in turn, both with the HPA axis. Corticosteroids

released during stress are able to activate the reward sys-

tems inducing an increase of DA release, especially in the

nucleus accumbens. The effect of neurotensin on ventral

mesencephalic DA, oppose the action of DA, which, via

DA autoreceptors, decreases DA neuron activity and

reduces DA release in the NAc. Therefore NT is regarded

as a modulator of mesotelencephalic DA that might have a

crucial role in stress behaviours.

Concluding Remarks

In the present article available experimental evidence was

reviewed, which shows close interaction between dopa-

mine D2 and neurotensin NTS1 receptors, supporting a

functional link between these macromolecules under stress

condition.

There is the notion that stress occurs in response to

factors (stressors) being threatening, aversive or excessive

to maintain the physiological equilibrium of an organism.

It is observed that reiterate exposure to stressors, especially

during early life, is often related to later psychiatric dis-

orders. One of the potential candidate mechanisms is the

HPA axis, with excessive release of cortisol from adrenal

cortex. This process is closely related to several neuroac-

tive substances, including amino acid neurotransmitters,

catecholamines, and serotonin as well as neuroactive

peptides.

Stress conditions are likewise related to neurogenesis

and neuroplasticity and generation of free radicals which

lead to oxidative stress. It should be taken into considera-

tion the activation of the limbic-HPAaxis and the release of

glucocorticoids is fundamental for the adaptive response

and immediate survival of an organism in response to acute

stimuli. However, high levels of glucocorticoids in brain

may lead to neuronal injury and affecting neurotransmitter

signaling, neural activity and animal behavior.

Evidence indicates that disregulation of the brain emo-

tional systems that mediate stress and arousal is a key

component of the pathophysiology of drug addiction.

Therefore, information provided in the present article may

be of interest to unveal molecular mechanisms involved in

drug addiction. It would be of interest to investigate whe-

ther a correlation exists between drug withdrawal and

reward through corticotrophin-releasing factor, dopamine

release in nucleus accumbens and neurotensinergic system.

It is desirable that basic research throw light about the

molecular mechanisms involved in catecholamine and

neurotensin neurotransmission as well as on the cross-talk

between dopaminergic D2 receptor and neurotensinergic

NTS1 receptor. Another line of research might be focused

on signaling resulting of dopamine D2 and NTS1 receptors

activation as a cause of stress. These notions will allow

introducing specific and selective pharmacological

approaches leading to tools which may be preventive or

therapeutic for psychiatric illnesses produced by stress

conditions (see [57]).

It is expected that the focus in the present review,

namely neurotensin and dopamine may allow to draw

attention on relevant relations among these neurotrans-

mitters to disclose the mechanisms that control stress

behaviour.
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