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Depression and anxiety are often comorbid, in up to 70% of cases, and the level of one or the other may fluctuate, leading now to
a diagnosis of depression, now to a diagnosis of anxiety. For these reasons, and for the presence of many other common factors,
it has been suggested that both are part of the same continuum of problems and that they have a common substrate. This paper
proposes the possibility that anhedonia may be an important component of this possible common substrate, and it tries to identify
the mechanism with which anhedonia could contribute to causing both depression and anxiety. It also proposes an explanation
why an intense pleasure could improve both depression and anxiety.

1. Introduction
Depression and anxiety are often comorbid, in up to 70%
of cases [1], and the level of one or the other may fluctuate,
leading now to a diagnosis of depression, now to a diagnosis
of anxiety [2, 3]. Both are preceded and facilitated by stress,
either recent [4–9] or dating back to childhood [10–12], they
are often accompanied by the search for drugs [13–15], they
are part of the symptoms of withdrawal from drugs [15], and
they are associated with rumination (i.e., with lingering over
the same gloomy thoughts) [16]. They are also characterized
by anhedonia [17–22], a reduction of the ability to feel
pleasures.
According to Cohen et al., “despite increased attention
over the past 25 years on the comorbidity between depression
and anxiety, there is still a great deal of uncertainty over
why these two disorders are so highly comorbid” [23]. And
according to Starr and Davila, “although several comorbidity
theories exist, the most prominent ones attribute anxietydepression comorbidity to shared structural components. For
example, Clark and Watson’s (1991) tripartite model hypothesizes that anxiety is uniquely defined by physiological hyperarousal and depression by anhedonia but that both disorders
share the common thread of elevated negative affectivity.
Other researchers have presented similar structural models,

in which shared underlying factors account for depressionanxiety cooccurrence. The tripartite model and other structural models have greatly expanded our understanding of
anxiety-depression comorbidity, providing a nuanced view of
which aspects of anxiety and depressive symptoms are most
likely to cooccur. However, these models do not sufficiently
explain depression-anxiety cooccurrence, for several reasons.
First, although a number of studies have supported the tripartite model’s three factors, others have not. Second, studies
have shown both that physiological hyperactivity is correlated
with depression and that anhedonia is correlated with anxiety, contradicting the specificity hypothesis of the tripartite
model and suggesting that cooccurrence is not entirely
accounted for by the hypothesized shared substrates” [24].
Starr and Davila also propose a model of their own,
in which “anxiety symptoms lead to depressive symptoms
via maladaptive anxiety response styles,” bearing in mind
that “many anxious people may develop hopeless thoughts
about their anxiety” and that “in turn, several researchers
have identified hopelessness and related attributions as a
key risk factor for depressive symptoms” [24]. The “hopeless
thoughts” of many anxious people seem to reveal that they
live in a situation of continuous severe stress.
For their intermingling, and for the presence of many
common factors, the possibility has been proposed that
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depression and anxiety are both part of the same continuum
of problems [25, 26] and that they have a common substrate
[27–29] that some authors suggest might be anhedonia
[22].
The presence of anhedonia both in anxiety and in depression could be explained by the fact that both conditions are
induced by stress [6, 30], and stress—acute or chronic—is
regularly accompanied and followed by anhedonia in humans
[9, 17, 31, 32] and in animals [33, 34].
The reduction of the ability to feel pleasure caused
by stressful events tends to be long-lasting. For instance,
traumatic experiences in infancy may cause anhedonia in
adult life in man [35] and in animals [36]. Naturally, we
are talking about significant anhedonia: low-grade anhedonia
is normally present even in healthy people [37] who have
not suffered severe stress, as everyday adversities are more
or less stressful, and in some cases humiliation or feeling
subordinate [38] or a low income [39] is enough to reduce
a person’s capacity for pleasure.

2. Anhedonia and Depression
Anhedonia is a key symptom of major depression [31, 40, 41]
and it can influence many of its symptoms. Let us consider, for
example, apathy in depressed people. Each action normally
tends to provide pleasure [42]. Even freeing oneself from an
unpleasant or painful situation is a pleasure [43], and this
pleasure is at the basis of the attempts to escape from difficult
situations [44, 45]. If we are unable to feel pleasures, as in the
case of anhedonia, the desire to perform the actions necessary
to achieve them is reduced or disappears [46] and may result
in various levels of apathy [47].
Even difficulty in concentrating and keeping up attention,
present in depression, could depend on anhedonia. In fact,
the ability to feel pleasures seems to influence the ability to
perceive and connect sensory information and the ability to
learn. For example, in animals, when two separate stimuli,
which individually do not provoke pleasure, are mentally
connected to each other, the formation of this new bond
causes pleasure, and this is considered important for learning
in general [48, 49]. In man, satisfying a curiosity is pleasant
[50], just as it is pleasant to grasp an inner meaning [51], and
the pleasure connected to awaiting a novelty (novelties are
pleasant [52]) facilitates learning [53]. So, at least in part, the
reduced capacity to apply oneself encountered in depressed
people could depend on the scarcity or lack of their ability
to feel these pleasures. Moreover, a reduced hedonic tone is
associated with a reduction of the cognitive processes both
in the first automatic phase and in the subsequent phases of
processing sensations [41].
Even rumination, which is frequent in depression [54],
could derive from anhedonia: the ability to feel pleasures, in
fact, allows an extension of both verbal [55–57] and visual
[56, 57] associations and improves rumination [58]. Also
the gloomy mood of depressed persons could be partially
explained by the fact that they have to lead a life without
everyday pleasures and they are unable to be active in a
satisfactory way.
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3. Pleasures and Depression
Various pleasant sensations can improve both anhedonia and
depression, and this fact seems to be a further suggestion
that anhedonia can influence many of the symptoms of
depression. In man, drugs are used by anhedonic persons,
with or without psychiatric disturbances, to try to reduce
their reward deficit [59], and opioids have had an important
role in the treatment of depression [60]. Depressed persons sometimes use sweet or fatty foods as self-medication,
according to some authors to compensate the loss of the
ability to feel normal pleasures [59, 61]. In rats, an enriched
environment improves depression [62, 63] and so do sweet
or fatty foods [64].
All these pleasures that are able to have a positive
influence on anhedonia and depression have one particular
feature: they give a pleasure more intense than ordinary
everyday pleasures. The intensity of the pleasure produced
by opioids and other drugs is well known, and also sweet
or fatty foods are very strong pleasures for both men and
animals [65–67]. Besides the possibility of physical exercise
(which is an important pleasure if voluntary [68, 69]), an
enriched environment also implies continuous novelties [63],
and novelties provide strong pleasure [70, 71].
Since depression is characterized by anhedonia, perhaps
these pleasures must be particularly intense to be able to overcome the high threshold for pleasure that characterizes anhedonia: in this way, a certain number of depressed people could
feel them even when normal pleasures are no longer felt.
The mechanism with which a strong pleasure seems able
to have a positive influence on depression is still not clear.
An improvement of depression should mean regaining the
ability to enjoy the ordinary pleasures of life, an ability that
had been lost or very much reduced because of anhedonia.
But how could a single pleasure, however intense it may be,
for example, a dose of drugs, allow the recovery of sensitivity
of many other different, less intense pleasures, much more
normal and everyday, the loss of which is the central factor
of depression?
An answer might be suggested by a particular aspect
of the pleasant stimuli: besides giving pleasure, they also
allow simultaneous or subsequent pleasures to be felt more
intensely for a certain period. For example, a single dose
of drugs causes an increase of sensitivity to subsequent
pleasures, both to drugs [72, 73] and to normal pleasures
such as food and social play [72, 74–78]. Normal pleasures in
turn increase the pleasure given both by drugs [77, 79, 80]
and by other normal pleasures [81], so that, in conclusion,
“the perceived value of present reward is built upon past
reward exposure” [81]. The high threshold for pleasure due
to anhedonia prevents depressed persons from enjoying
normal everyday pleasures, but some sufficiently intense
pleasures could overcome this threshold, still be perceived,
and be able to increase and recover other pleasures previously
faded or lost. In this way, anhedonic persons could recover
the possibility of enjoying ordinary everyday pleasures and
leading a more pleasant life for some time. This could explain
the fact why only particularly intense pleasures seem to be
able to improve anhedonia and depression.
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4. Stress, Dynorphin, and Anhedonia
Many of the pleasures that are able to improve depression
also improve anxiety. For example, in man, opioids can relieve
both depression and anxiety [60, 82], and alcohol is sought to
cope with both conditions [83–89]. In animals, an enriched
environment [63, 90–93] and agreeable foods [94–96] can
improve depression and anxiety. This could suggest that anhedonia might contribute to causing, in addition to depression,
even anxiety. But if it is fairly understandable that anhedonia
could cause many of the symptoms of depression [97], it is
difficult to imagine how anhedonia could cause anxiety.
At this point, it could be useful to recall the mechanism
with which stress can provoke anhedonia. Some hormones
are released during intense or repeated stress: adrenalin and
noradrenaline which help to combat stress by increasing
the flow of blood and glucose to the muscles and the
brain, and corticotropin-releasing hormone (CRH) which
in turn provokes the release of cortisone, the action of
which accompanies and reinforces that of adrenalin and
noradrenaline. The CRH also releases another hormone,
dynorphin [97–99], which reduces the release of dopamine
in the nucleus accumbens [100, 101]. The dopamine released
in the nucleus accumbens produces pleasure [44, 102], so that
stress can reduce the ability to perceive pleasure by reducing
dopamine through the action of dynorphin. (As well as
dopamine, opioids too are involved in feeling pleasure [103],
and it has been proposed that dopamine is more involved
in the search for pleasure, while opioids are involved in
its enjoyment [104]. However, the action of dopamine and
that of opioids are closely interwoven and overlapped, since
dopamine releases endogenous opioids [105–108], while the
opioids in turn release dopamine in the nucleus accumbens
[105]. In this chain of interconnections between dopamine
and endogenous opioids, some authors believe that dopamine
could be the “basic link” [109].) On account of its ability to
cause anhedonia, dynorphin is considered to be responsible
for depression due to stress [14].
Dynorphin is released not only in the case of stress,
but also in the case of an excessive release of dopamine,
for example, when taking drugs. All drugs cause a marked
increase of dopamine in the nucleus accumbens [100, 102,
107], and the intense pleasure that they procure is in most
cases the reason why they are initially sought [110, 111].
However, if the use of drugs continues, the pleasure is reduced
more and more. This reduction seems to be a consequence
of the excessive pleasure of the drugs: to counterbalance the
excessive dopamine stimulus, which can be harmful, dynorphin is released [100, 112, 113], which reduces the dopamine
with consequent anhedonia. The effect of dynorphin is longlasting [100, 113], and it is considered responsible, not only
for anhedonia, but also for withdrawal symptoms (anxiety,
agitation, depression, etc.) which are perceived when the
effect of the drug ceases [113]. To rid oneself of withdrawal
symptoms it is necessary to take the drug again, even though
the pleasure that it procures is very much reduced because
of anhedonia. At this point the search for drugs becomes
more and more compulsive and, from an optional way of
behaviour, aimed at obtaining pleasure, it is transformed into

3
a forced behaviour aimed at ridding the user of the painful
states of distress and suffering that accompany withdrawal
[110, 114, 115]. This is how addiction begins [116].
Among the negative states that are reported as hard to
bear in the withdrawal syndrome, anxiety is particularly
stressed and is considered a consequence of dynorphin. In
fact, dynorphin provokes both anhedonia and anxiety. Its
anxiogenic effect has not been considered in relation to
anhedonia but has been considered a consequence of a direct
action of dynorphin on the anxiogenic centres (in particular
on the amygdala, through dynorphinic receptors—KOR, 𝜅opioid receptors—present in the amygdala) [97].
However, this possible direct action of dynorphin does
not explain the fact that many substances or situations that
provoke intense pleasures possess an anxiolytic effect: as we
have seen, opioids and alcohol can improve anxiety in man,
while in animals pleasant foods, an enriched environment,
and alcohol have the same positive effect on anxiety. It is
perhaps worth considering the possibility that a possible
direct action of dynorphin on the anxiogenic centres may be
accompanied by an indirect anxiogenic action mediated by
the anhedonic effect of dynorphin. Some authors leave this
possibility open: “Given the high comorbidity of depressive
and anxiety disorders, KOR signalling and control of DA
function may underlie the pathogenesis of both” [6]. A
possible anxiogenic action through a reduction of DA
(dopamine) function and consequent anhedonia would
allow the unification of the action mechanism of dynorphin
on both anxiety and depression and could help explain why
an intense pleasure is able to improve both depression and
anxiety. But how could anhedonia arouse anxiety, that is,
arouse an inexplicable fear of a grave imminent and unknown
danger?

5. Anhedonia and Anxiety
The image of the world we receive through what we see and
hear has to be continuously reassembled and reorganized;
otherwise it could become distorted and fragmented and
could change so much that we hardly recognize it. As regards
the visual aspect, “our perceptual impressions of an object
and its context are in permanent flux as we move or as
the object moves or transforms itself: the (perceived) world
is not static but permanently physically changing” [117].
We must immediately realize that a foreshortening is not
a real deformation, that an object that is partially hidden
is not cut off but extends under the cover, that a cloud
seen through the branches of a tree is not part of the tree,
and so on. For example, every time we look at a threedimensional object from a different angle “the observer
should be expected to see an object of changing shape. The
cube should undergo constant amoebic transformations. . .
Fortunately, but surprisingly enough, this does not happen”
[118, p. 71]. But perhaps this might happen if something interferes with the mechanism of the indispensable continuous
reorganization and interpretation of an “amoebic” reality. In
this case, the alterations might become evident, objects might
seem deformed and frightening, sky and clouds might seem
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head-spinningly close to the observer, making the surrounding world flat and oppressive, and so on.
One of the possible factors that might interfere with the
indispensable and continuous reconstruction of the world
could be anhedonia. We have seen how, according to many
researchers, our ability to feel pleasure can influence our ability to perceive and connect sensory information. As regards
the visual aspect in particular, recognizing an expected image
gives pleasure, and if the image is unexpected the pleasure
is even greater [119]. Recognizing a shape in an ambiguous
context gives pleasure [51] and this stimulates us to look for
other ambiguous shapes to discover their correct shape [117].
Getting rid of visual ambiguity gives pleasure in the same way
as escaping a danger, on condition that we feel sufficiently
protected in the moments of uncertainty that accompany the
attempt to understand [120]. Visual learning is also facilitated
by a simultaneous pleasure, even if this pleasure is completely
extraneous to vision [121].
If we do not feel these pleasures, as may happen in
some cases of marked anhedonia, our ability continuously
to correct and interpret the variable aspect of our surroundings might be reduced and various degrees of frightening
alteration of the aspect of the environment might result.
Even in a person without psychiatric pathologies, the sudden
awareness of a deformation of the appearance of the environment, deformation that had always been present but had
previously been ignored, may give rise to intense anxiety. An
example of this can be found in “art and visual perception,” a
book by Rudolf Arnheim, former president of the Division
on Psychology and the Arts of the American Psychological Association, where the author describes the distressed
reaction of a student when, following a suggestion by the
teacher, she became aware of the deformations assumed
by the appearance of an object according to the viewpoint
from which it was observed, deformations which she had
always corrected automatically without realizing it. “It is
very difficult for many persons to visualize the working of
perspective, even when it is demonstrated to them with a
yardstick. Recently an intelligent and sensitive young college
student, to whom I tried to show the oblique shape of a box on
the table, finally hid her face in sudden terror and exclaimed:
‘It is true - how horrible!’” [118, p. 160]. And in the case
reported by Arnheim it was only a completely explainable
alteration of the appearance of a single small object.
Perhaps even just a very brief, but unexpected and
inexplicable deformation of some aspect of the environment
caused by anhedonia might give in some cases the sensation
that the apparent normality of the objects is only a fragile veil,
which could be torn and reveal inexplicable and frightening
deformities. Even only the vague feeling that this might happen might induce indefinable, inexpressible fear of imminent
catastrophe, generating a state of anxiety, the cause of which
cannot be explained to other people because the sufferers
cannot explain it to themselves.
In any case, the hypothesis that a reduction of the
pleasures connected with vision, or with other sensory information, could create difficulties in the indispensable, unceasing reconstruction of an environment that is continuously
“physically changing” [117], and that this could contribute

Depression Research and Treatment
to the onset of anxiety might perhaps help us explain why
an intense pleasure is able to relieve temporarily not only
depression but also anxiety.

6. How a Pleasure, Sufficiently Intense to Be
Felt, Could Improve Not Only Depression
but Also Anxiety?
If we accept that anhedonia can contribute, through sensory
alterations and consequent alterations of the environment,
to the onset of the anxiety that accompanies depression, it
becomes possible to propose an explanation of the reason
why some intense pleasures improve anxiety as well as
depression: their antianxiety action could depend, like the
antidepressive action, on their ability to make lost or faded
pleasures be perceived again. In fact, if the recovered pleasures also included those felt when perceiving and correctly
connecting sensory information, these pleasures might help
to recover the normal, indispensable ability to reconstruct
the continuously variable aspect of the environment, which
would thus be safe and familiar again. In this way, a sufficiently intense pleasure could reduce, with anhedonia, both
depression and anxiety and help to lead a normal life again,
at least for a certain time.
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“Opioids as facilitators of feeding: can any food be rewarding?”
Physiology & Behavior, vol. 104, no. 1, pp. 105–110, 2011.
K. K. Pitchers, V. Vialou, E. J. Nestler, S. R. Laviolette, M. N.
Lehman, and L. M. Coolen, “Natural and drug rewards act on
common neural plasticity mechanisms with ΔFosB as a key
mediator,” The Journal of Neuroscience, vol. 33, no. 8, pp. 3434–
3442, 2013.
S. Logue, J. Chein, T. Gould, E. Holliday, and L. Steinberg,
“Adolescent mice, unlike adults, consume more alcohol in the
presence of peers than alone,” Developmental Science, vol. 17, no.
1, pp. 79–85, 2014.
D. L. Wallace, V. Vialou, L. Rios et al., “The influence of
DeltaFosB in the nucleus accumbens on natural reward-related
behavior,” The Journal of Neuroscience, vol. 28, no. 41, pp. 10272–
10277, 2008.
A. Colasanti, E. A. Rabiner, A. Lingford-Hughes, and D. J. Nutt,
“Opioids and anxiety,” Journal of Psychopharmacology, vol. 25,
no. 11, pp. 1415–1433, 2011.
V. V. Grant, S. H. Stewart, and C. D. Mohr, “Coping-anxiety
and coping-depression motives predict different daily mooddrinking relationships,” Psychology of Addictive Behaviors, vol.
23, no. 2, pp. 226–237, 2009.
J. G. Murphy, A. M. Yurasek, A. A. Dennhardt et al., “Symptoms
of depression and PTSD are associated with elevated alcohol
demand,” Drug and Alcohol Dependence, vol. 127, no. 1–3, pp.
129–136, 2013.
R. M. Crum, L. La Flair, C. L. Storr et al., “Reports of drinking
to self-medicate anxiety symptoms: longitudinal assessment for
subgroups of individuals with alcohol dependence,” Depression
and Anxiety, vol. 30, no. 2, pp. 174–183, 2013.

7
[86] T. L. Simpson, C. A. Stappenbeck, J. A. Luterek, K. Lehavot, and
D. L. Kaysen, “Drinking motives moderate daily relationships
between PTSD symptoms and alcohol use,” Journal of Abnormal
Psychology, vol. 123, no. 1, pp. 237–247, 2014.
[87] R. S. Miranda-Morales, M. E. Nizhnikov, D. H. Waters, and N.
E. Spear, “New evidence of ethanol’s anxiolytic properties in the
infant rat,” Alcohol, vol. 48, no. 4, pp. 367–374, 2014.
[88] K. C. Young-Wolff, K. S. Kendler, N. D. Sintov, and C. A.
Prescott, “Mood-related drinking motives mediate the familial
association between major depression and alcohol dependence,” Alcoholism: Clinical and Experimental Research, vol. 33,
no. 8, pp. 1476–1486, 2009.
[89] P.-H. Kuo, C. O. Gardner Jr., K. S. Kendler, and C. A. Prescott,
“The temporal relationship of the onsets of alcohol dependence
and major depression: using a genetically informative study
design,” Psychological Medicine, vol. 36, no. 8, pp. 1153–1162,
2006.
[90] T. C. Goes, F. D. Antunes, and F. Teixeira-Silva, “Environmental
enrichment for adult rats: effects on trait and state anxiety,”
Neuroscience Letters, vol. 584, pp. 93–96, 2015.
[91] R. Ravenelle, H. B. Santolucito, E. M. Byrnes, J. J. Byrnes, and S.
T. Donaldson, “Housing environment modulates physiological
and behavioral responses to anxiogenic stimuli in trait anxiety
male rats,” Neuroscience, vol. 270, pp. 76–87, 2014.
[92] N. Benaroya-Milshtein, N. Hollander, A. Apter et al., “Environmental enrichment in mice decreases anxiety, attenuates stress
responses and enhances natural killer cell activity,” European
Journal of Neuroscience, vol. 20, no. 5, pp. 1341–1347, 2004.
[93] A. J. Grippo, E. Ihm, J. Wardwell et al., “The effects of
environmental enrichment on depressive and anxiety-relevant
behaviors in socially isolated prairie voles,” Psychosomatic
Medicine, vol. 76, no. 4, pp. 277–284, 2014.
[94] J. Maniam and M. J. Morris, “Long-term postpartum anxiety and depression-like behavior in mother rats subjected to
maternal separation are ameliorated by palatable high fat diet,”
Behavioural Brain Research, vol. 208, no. 1, pp. 72–79, 2010.
[95] J. Maniam and M. J. Morris, “Palatable cafeteria diet ameliorates
anxiety and depression-like symptoms following an adverse
early environment,” Psychoneuroendocrinology, vol. 35, no. 5, pp.
717–728, 2010.
[96] Y. M. Ulrich-Lai, A. M. Christiansen, M. M. Ostrander et al.,
“Pleasurable behaviors reduce stress via brain reward pathways,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 107, no. 47, pp. 20529–20534, 2011.
[97] A. T. Knoll and W. A. Carlezon Jr., “Dynorphin, stress, and
depression,” Brain Research, vol. 1314, pp. 56–73, 2010.
[98] B. B. Land, M. R. Bruchas, J. C. Lemos, M. Xu, E. J. Melief,
and C. Chavkin, “The dysphoric component of stress is encoded
by activation of the dynorphin 𝜅-opioid system,” The Journal of
Neuroscience, vol. 28, no. 2, pp. 407–414, 2008.
[99] M. R. Bruchas, B. B. Land, J. C. Lemos, and C. Chavkin, “CRF1R activation of the dynorphin/kappa opioid system in the
mouse basolateral amygdala mediates anxiety-like behavior,”
PLoS ONE, vol. 4, no. 12, Article ID e8528, 2009.
[100] A. W. Bruijnzeel, “Kappa-opioid receptor signaling and brain
reward function,” Brain Research Reviews, vol. 62, no. 1, pp. 127–
146, 2009.
[101] V. I. Chefer, T. Czyzyk, E. A. Bolan, J. Moron, J. E. Pintar,
and T. S. Shippenberg, “Endogenous 𝜅-opioid receptor systems
regulate mesoaccumbal dopamine dynamics and vulnerability
to cocaine,” Journal of Neuroscience, vol. 25, no. 20, pp. 5029–
5037, 2005.

8
[102] N. D. Volkow, G.-J. Wang, J. S. Fowler, D. Tomasi, F. Telang,
and R. Baler, “Addiction: decreased reward sensitivity and
increased expectation sensitivity conspire to overwhelm the
brain’s control circuit,” BioEssays, vol. 32, no. 9, pp. 748–755,
2010.
[103] M. F. Barbano and M. Cador, “Differential regulation of
the consummatory, motivational and anticipatory aspects of
feeding behavior by dopaminergic and opioidergic drugs,”
Neuropsychopharmacology, vol. 31, no. 7, pp. 1371–1381, 2006.
[104] K. C. Berridge, “Food reward: brain substrates of wanting and
liking,” Neuroscience and Biobehavioral Reviews, vol. 20, no. 1,
pp. 1–25, 1995.
[105] R. Doron, L. Fridman, and G. Yadid, “Dopamine-2 receptors
in the arcuate nucleus modulate cocaine-seeking behavior,”
NeuroReport, vol. 17, no. 15, pp. 1633–1636, 2006.
[106] A. R. Soderman and E. M. Unterwald, “Cocaine-induced mu
opioid receptor occupancy within the striatum is mediated by
dopamine D2 receptors,” Brain Research, vol. 1296, pp. 63–71,
2009.
[107] G. F. Koob, “Dynamics of neuronal circuits in addiction: reward,
antireward, and emotional memory,” Pharmacopsychiatry, vol.
42, no. 1, pp. S32–S41, 2009.
[108] C. A. Schad, J. B. Justice Jr., and S. G. Holtzman, “Endogenous opioids in dopaminergic cell body regions modulate
amphetamine-induced increases in extracellular dopamine levels in the terminal regions,” Journal of Pharmacology and
Experimental Therapeutics, vol. 300, no. 3, pp. 932–938, 2002.
[109] G. B. Stefano, E. Bianchi, M. Guarna et al., “Nicotine, alcohol
and cocaine coupling to reward processes via endogenous morphine signaling: the dopamine-morphine hypothesis,” Medical
Science Monitor, vol. 13, no. 6, pp. RA91–RA102, 2007.
[110] S. L. Parylak, G. F. Koob, and E. P. Zorrilla, “The dark side of
food addiction,” Physiology and Behavior, vol. 104, no. 1, pp. 149–
156, 2011.
[111] G. F. Koob and N. D. Volkow, “Neurocircuitry of addiction,”
Neuropsychopharmacology, vol. 35, no. 1, pp. 217–238, 2010.
[112] G. F. Koob, “Addiction is a reward deficit and stress surfeit
disorder,” Frontiers in Psychiatry, vol. 4, article 72, 2013.
[113] S. R. Ebner, M. F. Roitman, D. N. Potter, A. B. Rachlin, and E. H.
Chartoff, “Depressive-like effects of the 𝜅 opioid receptor agonist salvinorin A are associated with decreased phasic dopamine
release in the nucleus accumbens,” Psychopharmacology, vol.
209, no. 2, pp. 241–252, 2010.
[114] G. F. Koob, “The role of CRF and CRF-related peptides in the
dark side of addiction,” Brain Research, vol. 1314, pp. 3–14, 2010.
[115] E. J. Khantzian, “The self-medication hypothesis of substance
use disorders: a reconsideration and recent applications,” Harvard Review of Psychiatry, vol. 4, no. 5, pp. 231–244, 1997.
[116] S. Edwards and G. F. Koob, “Neurobiology of dysregulated
motivational systems in drug addiction,” Future Neurology, vol.
5, no. 3, pp. 393–410, 2010.
[117] C. Muth, M. H. Raab, and C. C. Carbon, “The stream of experience when watching artistic movies. Dynamic aesthetic effects
revealed by the Continuous Evaluation Procedure (CEP),”
Frontiers in Psychology, vol. 6, article 365, 2015.
[118] R. Arnheim, Art and Visual Perception: A Psychology of the
Creative Eye, University of California Press, Berkeley, Calif,
USA, 1954.
[119] S. Van de Cruys and J. Wagemans, “Putting reward in art: a
tentative prediction error account of visual art,” i-Perception,
vol. 2, no. 9, pp. 1035–1062, 2011.

Depression Research and Treatment
[120] M. Jakesch, H. Leder, and M. Forster, “Image ambiguity and
fluency,” PLoS ONE, vol. 8, no. 9, Article ID e74084, 2013.
[121] A. R. Seitz, D. Kim, and T. Watanabe, “Rewards evoke learning
of unconsciously processed visual stimuli in adult humans,”
Neuron, vol. 61, no. 5, pp. 700–707, 2009.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

