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Abstract. 
For decades, it has been suggested that dysfunction of dopaminergic pathways and their associated modulations in dopamine levels play a major role in the pathogenesis of neurological disorders. Dopaminergic system is involved in the stress response, and the neural mechanisms involved in stress are important for current research, but the recent and past data on the stress response by dopaminergic system have received little attention. Therefore, we have discussed these data on the stress response and propose a role for dopamine in coping with stress. In addition, we have also discussed gastric stress ulcers and their correlation with dopaminergic system. Furthermore, we have also highlighted some of the glucocorticoids and dopamine-mediated neurological disorders. Our literature survey suggests that dopaminergic system has received little attention in both clinical and preclinical research on stress, but the current research on this issue will surely identify a better understanding of stressful events and will give  better ideas for further efficient antistress treatments.


1. Introduction
Dopamine (DA) is an important endogenous catecholamine, which exerts widespread effects on both neuronal (as a neurotransmitter) and nonneuronal tissues (as an autocrine or paracrine agent) [1]. Within the central nervous system (CNS), DA binds to specific membrane receptors presented by neurons, and it plays a key role in the control of locomotion, learning, working memory, cognition, and emotion [2, 3]. The brain DA system is involved in various neurological and psychiatric disturbances including Parkinson’s disease, schizophrenia, amphetamine, and cocaine addiction [1, 3]. Therefore, it is considered to be a major target for drug designing applied in the treatment of neurological diseases. Stress has been shown to alter normal dopaminergic neurotransmission [4], and exposure to stress profoundly increases the dopaminergic activity [4, 5] and induces relevant adaptive response of DA receptors in specific brain regions [6]. Stress also activates the hypothalamus-pituitary-adrenal (HPA) axis and releases glucocorticoids (GCs). The interplay between GCs and the dopaminergic system is linked with various neurological disorders such as schizophrenia, bipolar depressive disorder and major depressive disorder, addiction, and Parkinson’s disease [7, 8]. A number of reports showed the involvement of GCs on DA-mediated behavioral responsiveness by the modulatory effects of corticosterone [8–10]. Many reports suggest the involvement of DA system in locomotors alterations under different stressful conditions [9–11]. The stress-induced adaptation of brain DA function involves receptors, and it has also been demonstrated that DA receptor densities are affected by altered extracellular DA levels [10, 12, 13]. It is also demonstrated that stress manipulations induced the alteration in motor activity of experimental animals, and dopaminergic pathways are crucial to neural substrates for the control of spontaneous locomotor activity [3, 11]. These studies clearly indicated that DA plays an essential role in locomotion via neural transmission. 
Dopaminergic system is also known to play a regulatory role in gastric ulcers under various stressful conditions [14, 15]. Patients with Parkinson’s disease have higher rate of ulcer, where DA becomes deficient. But in patients with schizophrenia, DA level usually becomes high, and the rate of gastric ulcer becomes very less [15]. This indicates that DA levels must have a link with gastric pathology. Studies also suggested that modulation of dopaminergic transmission induced by DA drugs facilitates the gastric cytomodulatory effects [15, 16]. Furthermore, administration of DA or related agents attenuated stress ulcerogenesis, whereas opposite effects have been also seen with DA-lytic drugs [15–17]. Not only this, but it is also reported that DA mediates gastric cytoprotective effects on other neurotransmitters [18, 19]. Now, it is well established that stress induced ulcerogenesis is governed by activation of the mesocorticolimbic DA systems [15–20]. Alterations of DA levels and total ulcer score in acute and chronic unpredictable stress models have been summarized in Table 1. All this debate clearly indicates that DA plays an important role in ulcerogenesis during stress. This paper provides an update on DA activities in stressful events that represent, in our opinion, the optimal utility as future therapeutic target for neurodegenerative disorders. 
Table 1: Acute and chronic unpredictable stress-induced alterations in dopamine, prostaglandin E2 levels, histopathological changes, and mean ulcer score in gastric tissues.  
	

	Parameters in gastric tissues	Models
	Nonstress	Acute stress	Chronic unpredictable stress
	

	Dopamine levels	0	↓	↓↓
	Prostaglandin E2	0	0	↓
	Histopathological changes	0	↑	↑↑
	Mean ulcer score	0	↑	↑↑
	Plasma corticosterone	0	↑↑	↑
	


This information was obtained from our previous paper [39]. Plasma corticosterone was shown as stress marker. Symbols represent the following: 0: no effect, ↓: small decrease, ↓↓: large decrease, ↑: small increase, and  ↑↑: large increase. 


2. Interplay between Stressful Events and Central Dopaminergic System
In 1950, Hns Selye borrowed the term “stress” from physics and hypothesized that a constellation of stereotypic psychological and physiological events occurring in seriously ill patients represented the consequences of a severe, prolonged application of adaptation responses. He recognized that stress plays a very significant role in the development of all types of diseases [21]. Selye believed that daily lives are influenced by two different kinds of stress: pleasant stress contributing to “wellness” and unpleasant stress contributing to disease and sickness [21]. Mesocortical and mesolimbic (M-L) dopaminergic systems are known to mediate HPA axis-induced GC release and other CNS effects [8, 22, 23]. Various neurological disorders are linked with GCs and the dopaminergic system [7, 8, 23]. Evidence shows that central dopaminergic system exerts positive effects on the HPA axis and the sympathetic nervous system (SNS), and reciprocally, glucocorticoids and catecholamines mediated stress-induced alterations [24, 25]. Modulations of DA in major brain regions are mediated by dopaminergic receptors, which are classified as D1 and D2 types. Classification of these DA receptors is based on the mechanism that links these G-protein-coupled receptors (GPCRs) to the second messenger system [26]. Thus, D1-like receptors stimulate the adenylate cyclase activity via Gs subunit leading to an increased cyclic adenosine monophosphate (cAMP) concentration [27]. On the other hand, D2-like receptors are negatively coupled via the Gi subunit to the adenylate cyclase, which leads to a decline in the cAMP concentration. Both D1 and D2 of receptors are abundantly expressed in major brain areas such as nucleus accumbens, striatum, frontal cortex, amygdala, and hippocampus [27]. Furthermore, both D1 and D2 are also involved in vigilance, hormonal homeostasis, and locomotor activities. It is reported that stressful experiences alter DA metabolism through D1 and D2 receptors and release in the M-L system [28–30]. Furthermore, it is also reported that exposure to a single unavoidable/uncontrollable aversive experience may lead to inhibition of DA release in the nucleus accumbens as well as to impair the response to both rewarding and aversive stimuli [25, 31]. The effects of stressful experiences on DA functioning in the M-L system can be very different or even opposite depending on situation, the genetic background of the organism, and its life history [24]. We and the others have shown that stress differentially increases the dynamics of DA depending on the brain regions involved [9, 30]. Reports also stated that stressful stimuli tend to cause the largest increase in DA levels in the PFC (prefrontal cortex) region, with markedly smaller changes in the limbic and dorsal striatal regions [32, 33]; however, this relationship is altered by lesions of different nuclei. Thus, stress causes release of DA in the amygdala, and lesions of the amygdala tend to block stress-induced increases in PFC DA levels [34]. Lesions of the PFC also affect this response. Studies in which the PFC DA innervations are lesioned show that subsequent stressors cause a much larger increase in DA levels within the nucleus accumbens, particularly with respect to the duration of the response [31, 34]. This suggested that PFC DA released in response to stress actually blunts the responsiveness of the subcortical limbic DA system. In contrast, 6-OHDA lesions of PFC DA levels were found to decrease the basal electrophysiologic activity of ventral tegmental area (VTA) DA neurons [35]. Repeated stress also has important clinical implications in regard to the DA system. A recent study examined how chronic stress in the form of cold exposure affects the discharge of VTA DA neurons. Thus, after exposing rats to cold, there was a 64% decrease in the number of spontaneously active DA neurons, with no significant alteration in their average firing rate. Nonetheless, there was a subpopulation of neurons that exhibited excessive burst activity in the exposed rats [36]. Unlike acute exposure to stressful or noxious stimuli, chronic stress actually attenuates DA neuron baseline activity. 
The interplay between glucocorticoids (GCs) and the dopaminergic systems has been reported in many human diseases [37]. GCs are released as a result of HPA-axis activation in stressful condition [7, 8, 38]. Mesocortical and M-L dopaminergic neuronal systems are hypothesized to mediate some of the CNS effects of glucocorticoids [7, 22, 38]. Our previous study favors this hypothesis, in which we found elevated levels of corticosterone and alteration in GCs receptor in different brain regions during stress [39, 40]. The fact that both corticosterone and DA are sensitive to both psychological and physical environmental stimuli suggests that the interaction between these two chemical messengers may be involved in mediating the differential responding to positively reinforcing drugs following a single or repeated stressful experience. This is further supported by various other investigators that provide evidence for a decreased prefrontal dopaminergic transmission. Adrenalectomy impaired working memory resulted in decreased dopaminergic transmission in the PFC [41]. Furthermore, addition of GCs can increase dopaminergic activity in PFC, suggesting a crosstalk between the GCs receptor and the dopaminergic system. Taken all together, these data suggest that, both GCs and DA systems represent attractive therapeutic targets for stress-induced neurological disorders and should be investigated further. Modulations of dopaminergic pathways and their associated changes of dopamine levels in neurological disorders have been shown in Table 2.
Table 2: Modulation of dopaminergic pathways and their associated changes of dopamine levels in neurological disorders.
	

	DA pathways	DA alterations	Disorders	References
	

	Nigrostriatal	DA decrease	Parkinson’s disease	[42–45]
	Huntington’s disease	[43, 44]
	 	 	ADHD	[46]
	 	DA increase	Schizophrenia	[43]
	 	 	Tourette’s syndrome	[47]
	 	 	ADHD	[43]
	Mesocortical	DA increase	Schizophrenia	[43]
	 	 	Tourette’s syndrome	[43]
	Mesolimbic	DA decrease	Epilepsy	[48, 49]
	 	Drug addiction	[43, 50]
	DA increase	Obesity	[43, 50]
	 	Depression	[50]
	Tuberoinfundibular	DA decrease	Pituitary tumors	[51]
	


There are four major dopaminergic pathways: (1) nigrostriatal pathway, in which substantia nigra neurons innervate the stratum; (2) nesocortical pathway, which links the ventral tegmental area to medial prefrontal, cingulate, and entorhinal cortices; (3) nesolimbic pathway, composed of ventral tegmental area cells projecting to the nucleus accumbens and other limbic areas; (4) tuberoinfundibular, which projects from arcuate and periventricular nuclei of the hypothalamus to the pituitary gland. Abbreviations: DA: dopamine; ADHD: attention-deficit hyperactivity disorder. 


Here, we have discussed some of the DA- and GCs-mediated neurological diseases.
2.1. Schizophrenia
Millions of people suffer from schizophrenia at some point in their life, making it one of the most common health problems in the whole world [8]. This biological disorder of the brain is a result of abnormalities, which arise early in life and disrupt the normal development of the brain. These abnormalities involve structural differences between a schizophrenic brain and a healthy brain [14]. The role of HPA axis changes in patients with schizophrenia is currently a matter of debate. Now, it is well established that hyperactivity of HPA axis is one of the parts for pathogenesis of schizophrenia. First, reduced GR gene expression levels, studied mainly by in situ hybridization assays, have been described in the frontal cortex and throughout all the hippocampus subfields of schizophrenic patients [8, 52, 53]. Second, neuropathological brain changes observed in schizophrenia are similar as changes caused by increased GC levels [54]. Conclusions should be made with caution as quantitative mRNA versus protein expression studies do not always result in a GR signal change of the same magnitude. Furthermore, it is also possible that these findings may be a downstream effect of the primary etiology or could be epiphenomena or even the effect of a drug treatment. One of the negative symptoms of schizophrenia is an impairment of working memory (the short-term storage needed for certain tasks). Several research groups have reported that HPA disruption leads to working memory impairment [55–57]. Furthermore, addition of GCs can increase dopaminergic activity in PFC, which suggests a crosstalk between the GR and the dopaminergic system [41]. 
Schizophrenic brains under stressful conditions tend to have larger lateral ventricles and a smaller volume of tissue in the left temporal lobe in comparison to healthy brains [58], and the chemical nature of a schizophrenic brain is different in the manner the brain handles DA in stressful (GC secretion) events [8]. Thousands of chemical processes take place in a functioning neuron. The transfer of information is mediated by neurotransmitters that interact with certain receptors [8]. A study was conducted in which presynaptic DA function (measured by the uptake of fluorodopa) was observed by positron emission tomography (PET) in the brains of seven schizophrenic patients and eight healthy people (controls). The fluorodopa influx constant was higher in the schizophrenic patients. Their receptors took up more fluorodopa [58]. In conclusion, these alterations in presynaptic DA function during stressful conditions constituted a part of the disrupted neural circuits that predispose people to schizophrenia [58–60]. The DA receptors involved in these processes can be separated into the D1 and D2 families. The D1 family contains the receptors D1 and D5. The D1 receptors in the brain are linked to episodic memory, emotion, and cognition. These functions are disturbed in schizophrenic patients during stressful conditions. In addition, D1 binding of DA was found to be lower in schizophrenic patients as compared to healthy subjects of the same age. The binding was lower as a result of fewer D1 receptors. Certain antipsychotic drugs stimulate D1-regulated pathways, which increases the D1 to D2 activity balance in the brain. This balance can also be regained by the release of DA. Not much is known about D5 due to the lack of drugs that are selective for it. The D2 family contains the receptors D2, D3, and D4. D2 is the second most abundant DA receptor in the brain. D2 receptor blockade is the main target for antipsychotic drugs, because there is a higher density of D2 in schizophrenic brains under stressful conditions [8, 58–60]. Studies have shown a selective loss of D3 mRNA expression in the parietal and motor cortices of postmortem, schizophrenic brains [61]. This phenomenon may be due to either the course of the disease or therapy given to the patients. Studies have also found that the density of D4 receptors was elevated sixfold in schizophrenic patients. These DA receptors are affected by alterations in the neural cell membranes, which could disrupt communication between cells. Abnormalities in two long-chain fatty acids in the blood cells of people with negative symptoms have been discovered. These substances break down into products that are involved in the DA system [59]. DA is secreted by cells in the midbrain that send their axons to the basal ganglia and frontal lobe. Certain drugs used for schizophrenia bind to the DA receptors. This blocks DA binding to the receptor. This deactivates the biochemical processes normally initiated by DA binding. First, DA binds to the receptor, and then the receptor autophosphorylates. By phosphorylation, this receptor activates adenylate cyclase, which then makes cAMP. These processes involve the synthesis of cAMP and synaptic action at synapses using DA as a transmitter. The DA synapses are incapacitated by antipsychotic drugs. DA antagonists are drugs that block DA receptors. The brain responds to this receptor blockade by making extra DA receptors. This is the postsynaptic cells' attempt to compensate for the weakening of synaptic transmission, which is caused by the drugs. These extra receptors restore the cell's sensitivity to DA. The brain also compensates by increasing DA synthesis. The increase in DA synthesis lasts one to two weeks of medication from the start of therapy, which is the same time required for the medication to become effective. Drugs have been discovered to alleviate the upregulation of receptors and the increased synthesis of DA [62]. Antischizophrenic drugs are called neuroleptics. A DA antagonist is chlorpromazine (Thorazine), and reserpine operates by depleting transmitter stores. Ligand-binding techniques, which use neuroleptic drugs labeled with radioisotopes, demonstrate that such drugs bind to DA receptors. A correlation exists between this ability to bind DA and the dosage required to improve schizophrenic symptoms in patients. This effect could also be directly observed by PET in living subjects [58]. Controlling DA and DA receptors is essential for the treatment of schizophrenia. Because schizophrenia is hereditary, it is important to see progress for the next generation [59]. In the future, there will be more sophisticated drugs that do not merely suppress symptoms but also allow for normal cognitive functioning. Although schizophrenics or stressful events may never be normal, they can be made tolerable.
2.2. Parkinson’s Disease
Parkinson’s disease (PD) is a devastating neurodegenerative disorder affecting several million people worldwide. It inflicts a tremendous social and economic burden on modern society where the incidence of the disease increases with age [8]. Currently, the mean age of onset is around 55 years. In all cases, the clinical features which characterize PD, including resting tremor, bradykinesia, and postural instability, are progressive [63]. Distinct among the pathological features of PD is the significant loss of dopaminergic neurons in the substantia nigra leading to a dramatic depletion of DA in the striatum. Although neurological disorders are present in every population and PD is one of them, treatment of PD is still limited to a few drugs such as levodopa. The etiology of PD is still not completely understood, but neuroinflammation is an important contributor to the neuronal loss in the disease [64]. Indeed, few drugs have been reported to partially inhibit microglial reaction, to decrease the production of proinflammatory cytokines and NO, and thus to attenuate the degeneration of DA-containing neurons in in vivo PD models [8, 65, 66]. While in humans these drugs provide relief from symptoms, however, none of them has been shown to inhibit disease progress; they also have varying degrees of side effects [67]. Therefore, there is an urgent need for novel neuroprotective agents for the treatment of PD patients.  
It is not obvious if an immediate pathological link exists between the dopaminergic and the GCs systems in this disorder. Affecting these systems can relieve some of the symptoms of Parkinson’s disease, for example, raising the DA levels in patients improves their working memory deficit [68, 69]. Evidence for an interaction between GR and DA pathways in the region of the brain, involved in PD, comes from studies with transgenic mice, expressing less GR [70]. These mice show increased concentrations of DA, DA D1, and D2 receptor ligand binding in the striatum and decreased binding to dopamine transporter in the substantia nigra resulting in a sensitization of dopaminergic functions [70]. The foregoing discussion indicates that it is not clear to what extent the pathological link exists between the GCs and DA systems in PD and its utility as monotherapy in this disorder, but data clearly suggests their roles in PD and supports further studies. 
2.3. Bipolar Depressive and Major Depressive Disorders
Depressive disorders present another example of a connection between stress axis dysregulations and a psychiatric illness [70–73]. It has been reported that in psychotic major depression (PMD), the psychotic symptoms may be due to an increase in DA activity and synthesis secondary to HPA axis over activity [8, 74]. Numerous reports suggest interactions between the HPA axis and the central dopaminergic system contributing to the development of delusions and cognitive deficits in psychotic major depression [55, 75]. In experiments with depressed and schizophrenic patients, assessing the effect of DA receptor agonists on multiple hormone levels, some investigators [76] could not find a causal link between HPA axis hyperactivity and DA dysregulation to explain psychotic symptoms in psychotic major depression. However, other symptoms of depression, such as impaired cognitive functions, can be related with DA neurotransmission [77]. Several antidepressants are also reported to enhance DA transmission and improve working memory impairment in patients [78], suggesting a link between HPA axis and DA in PMD. In addition, the use of mifepristone such as RU486, the morning-after pill, a GC antagonist which primarily blocks GRs in the PFC of the brain, has been reported to ameliorate psychosis and depression in patients with Cushing’s disease [79, 80] and even turned out to be quickly effective to treat PMD in cases of little responsiveness to combination therapies of antipsychotics and antidepressants [81, 82]. These results strongly suggest that the psychosis observed in PMD is caused by HPA axis over activation. Some mood stabilizers are also reported to inhibit the transcriptional activity of GR and thus inhibit the detrimental effect of excess GCs on the central nervous system [83]. Reciprocally, transgenic mice overexpressing GR specifically in the forebrain display a significant increase in anxiety-like and depressive behaviors. They are also supersensitive to antidepressants and show enhanced sensitization to cocaine. This phenotype is associated in specific brain regions with increased expression of genes relevant to emotionality [84]. 
In view of these data, this indicates a crosstalk with the dopaminergic system and supports the general hypothesis that GC hormonal disturbances can indeed lead to the development of disorders. Furthermore, it indicates that natural variations in GR gene expression can contribute to the fine tuning of emotional stability or liability and play a role in bipolar disorder and may represent an attractive therapeutic target in patients with these disorders.
2.4. Addiction
Stress is known to facilitate the psychostimulant self-administration, which represents an indication for the degree of addiction. Adrenalectomized animals studies have shown a consistently lower drug intake as compared to control animals. Subsequent administration of corticosterone up to hormonal stress levels resulted in a restoration of DA receptor agonist responses in a dose-dependent manner. Importantly, the effect of GC (stress) abolishment on self-administration cannot be attributed to nonspecific decreases in motivation or motor behavior, respectively, as seeking behavior for food is not affected [85]. It is also reported that adrenalectomy reduces the extracellular concentrations of DA in the shell of the accumbens (Acb), both basally and after psychostimulant administration, providing evidence for an interaction between GCs and DA [86, 87]. These effects were most probably GR dependent, because GR antagonists also induced a drop in DA Acb shell levels, whereas the usage of MR antagonists had no effect [88]. Deletion of GR in the nervous system, using the Cre-loxP recombination system, also results in a loss of sensitization after cocaine treatment, confirming the important role for GR signaling in DA-related emotional behavior [89]. GC-activated GR thus enhances drug responding by selectively facilitating dopaminergic transmission in the shell of the Acb. Studies monitoring DA levels after stress-induced GC secretion, exogenous GC administration, or in a background of high endogenous GC levels are more controversial. For example, the group of Chrousos found that chronic hypercortisolemia rather inhibits dopamine synthesis and turnover in the Acb [90]. It is clear, however, by using the same tools (adrenalectomy or pharmacological blockade of GC production) that GCs are implicated in stress-induced sensitization to psychostimulants as well as in the relapse to drug-seeking behavior induced by stress [91]. Of importance, the key for developing stress-induced sensitization is possibly a long-term exposure to high levels of corticosterone as opposed to an acute treatment.
Stress is a contributing factor, and DA is a fundamental regulator of neurological diseases including substance use disorders, anxiety, depression, and schizophrenia. Therefore, DA or its receptors should be therapeutic targets for controlling the stress and for prevention of the onset of stress-related neurological disorders. Now, it is well established that GCs and DA have an important role in maintaining normal brain functions and the molecular and mechanistic aspects of GC effects on normal functioning of brain and behavior with the specific reference to DA signaling. Therefore, GCs, DA and DA signaling are emerging therapeutic targets for interdisciplinary research field that addresses the interplay between neuronal and endocrine signaling in psychiatric disorders. Figure 1 summarizes an overview on stress-induced modulations in dopaminergic system and its associated pathological conditions. In addition, possible therapeutic targets have also been mentioned.





	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
		
		
		
		
		
	
	
	
	
		
		
		
		
		
	
	
	
	
	
		
	
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	


Figure 1: Overview of stress-induced dopaminergic modulations and their associated changes in glucocorticoid and gastric ulcer. Stressful stimuli lead to dopamine release in the brains of animals or humans. The number of neurological disorders has been linked to the dopaminergic modulated response due to physiological or psychological stressors via perturbations in glucocorticoids and gastric ulcer. Up and down arrows together indicate modulations, and triangles indicate possible therapeutic targets.


3. Dopamine and Gastric Stress Ulcers
Among the various neurotransmitters, the dopaminergic system, in particular, plays an important regulatory role in stress-induced gastric ulcers [6–10]. Interestingly, in DA deficiency diseases (such as Parkinson’s disease), the degree of ulceration was found to be higher                                                                                                                                                                                              [92, 93]; whereas in patients having DA excess amount (such as Schizophrenia), the degree of ulceration was found to be lower [92, 93], this clearly indicate a link between DA levels and gastric pathology. The modulation in dopaminergic transmission by specific DA drugs is also known to affect on gastric cytomodulatory functions [94]. Other contributing factors of DA system to stress ulcers are increased gastric motility, vagal overactivity, decreased gastric mucosal blood flow, and various other neuroendocrinological factors [95–97]. Elevated corticosteroid level is also known to modulate gastric glands to secrete acid and pepsin, which further deteriorate gastric mucosal integrity [97–100]. Stress-mediated peptic ulcer has been involved in various neuropathological conditions [97]. Brain-gut axis plays an important role in controlling gastric functions for various brain neurochemical factors during stress ulcer disease [15]. As early as 1965, Strang [101] noted an apparent association between central DA and peripheral gastric disease in those Parkinson’s disease patients, characterized by central DA deficiency, exhibited a higher-than-expected incidence of ulcer disease. Later, Szabo [102] confirmed a protective role for DA in an experimental model of duodenal ulcer. Now, connection between DA activity and gastroduodenal ulcer disease is well established [18, 103]. A number of pharmacological agents have now been designed and tested that showed protective role against brain dysfunctioning [104, 105], but whether they have antiulcer activity that remains to be investigated other than our paper [39]. Previously, we have shown that a drug A68930 has antistress activity in acute and chronic unpredictable stress models [39]. In the same paper, we have shown that stimulated dopaminergic receptors (D1/D2) modulate the activity gastric H+K+-ATPase and PGE2 levels in acute and chronic unpredictable stress models, and the stress-induced gastric ulceration could be attributed to the stimulation of paraventricular nucleus of hypothalamus, increased intestinal motility, acid secretion, and so forth [39, 106, 107]. This has been summarized in Figure 2.





	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
	
	
	
	
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
		
	
	
		
			
			
			
		
	
	
		
			
			
			
		
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
			
				
			
		
	
	
		
			
				
			
				
			
		
	


Figure 2: Stress-induced modulations in dopaminergic system and gastric ulcer. Hormonal pathways by which psychological and physical stress induce modulations in stomach functioning, resulting in an increase production of gastric ulceration and modulation of dopaminergic system. Up arrows indicate increased response, down arrows indicate decreased response, triangles indicate possible therapeutic targets. Abbreviations: CRH: corticotrophin-releasing hormone; ACTH: adrenocorticotrophin-releasing factor; PGE2 and prostaglandin E2; HCL: hydrochloric acid; H+K+-ATPase: hydrogen-potassium ATPase: DA: dopamine; DA-1R: DA receptor 1; DA-2R: DA receptor 2. 


 Elevated corticosteroid levels are known to modulate gastric glands to secrete acid and pepsin [108], which can further deteriorate gastric mucosal integrity. It is well known that the gastric tissue is under reciprocal control of cholinergic (stimulatory) and adrenergic (inhibitory) autonomic fibers, and an intimate connection exists between the sympathoadrenal system and mucosal integrity, suggesting that the decrease in gastric dopamine levels during stress may be associated with the disruption of normal tone of sympathetic and parasympathetic actions. Gastric cytomodulatory effects are also proposed through the modulation of dopaminergic transmission by specific DA drugs. For example, both central and peripheral administration of DA and related agents attenuated stress ulcerogenesis, whereas opposite effects were observed with DA-lytic drugs [16–19]. DA is also reported to mediate gastric cytoprotective effects of other neurotransmitters [18, 19]. In 1981, Willems et al. [109] suggested that there exist two distinct DA receptor subtypes in the periphery (DA1 and DA2). Glavin [110] tested several of these compounds for their ability to influence restraint stress ulcerogenesis. The selective DA1 agonist SKF38393,markedly reduced restraint stress-induced ulcers as well as ethanol-induced gastric lesions and basal gastric acid secretion. The selective DA1 antagonist SCH23390 worsened stress ulcers, ethanol ulcers, and augmented gastric secretion. DA2 selective compounds (N-0434, N-0437, quinpirole, eticlopride) were inactive against stress ulcer formation. Additional support for mesolimbic DA as a critical site in mediating gastrointestinal responses to stress challenge comes from Kauffman’s group [111], who showed that neurotensin-induced protection against stress ulcerogenesis requires intact mesolimbic DA for the full expression of this effect DA antagonist administered into terminal fields of the mesolimbic DA tract significantly obtund the antiulcer activity of neurotensin. These results, together with those of Henke, strongly implicate central DA, and in particular mesolimbic DA acting through D1 receptors, as an important endogenous gastroprotective system [112]. There exists a significant role for DA as an endogenous protective element against stress-related gastroduodenal mucosal injury. Both central and peripheral DA contributes to this effect, likely through D1/DA1 receptors. It also appears likely that mesolimbic DA, preferentially activated by stress challenge, is primary mediator of central component of DA-induced gastroprotection. 
Data revealed herein may gather importance in respect of several facts. The results provide insights into the role of dopaminergic system in modulating various aspects of stress and gastric pathology through the stimulation of specific dopamine receptors. Gastroprotective effects of antistress drugs may have clinical relevance, as stress-induced gastric injury and bleeding are the major causes for death of patients suffering from shock, trauma, and massive burns [113, 114].
4. Conclusion
Despite the power of modern molecular or pharmacological approaches and persisting investigative efforts, the complete interaction between the mesocorticolimbic dopaminergic system and stress activation remains to be identified. Recent advancements have contributed to the recognition of dopaminergic innervation as a useful system for determining reactions to perturbations in environmental conditions, for selective information processing and for controlling emotional behavior, all of which play an essential role in the ability (or failure) to cope with the external world. Now, it is well established that stressful events provoke major behavioral, neurochemical, and gastric ulcerative effects involving mesocorticolimbic DA functioning, but the type of alterations induced by these experiences remains highly controversial, but it may depend on the behavioural situation and genetic makeup of the organism. Exposure to uncontrollable aversive experiences leads to inhibition of DA release in the mesoaccumbens DA system as well as impaired responding to rewarding and aversive stimuli. Repeated and chronic stressful experiences can reduce the capability of stressors to disrupt behavior, induce behavioral sensitization to psychostimulants, and to promote adaptive changes of mesolimbic DA functioning. For the last two decades, studies aimed to develop new pharmacological approaches to search for drugs devoid of behaviorally sensitizing effects and capable of protecting the organism against the devastating effects of adaptation to stress. This paper updates the current knowledge on the physiological regulation of DA neurons by glucocorticoids, and gastric ulcer suggests that the blockade of these conditions surely opens new therapeutic strategies for the treatment of neurological disorders.
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