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Abstract

This paper aimed to find clues to treatment-resistant depression (TRD) solutions.
Depression comorbid with anxiety is often treatment-resistant where anxious-de-
pressive attack (ADA) often lurks. ADA is a recently proposed clinical idea for just a
psychological version of a panic attack. It mostly begins with an abrupt surge of in-
tense anxiety followed by uninterrupted intrusive thoughts; lasting ruminations about
regret or worry produced by violent anxiety, agitation, and loneliness. Acting-out be-
haviors such as deliberate self-injury and over-dose may also be observed during the
attack. As the basic psychopathology of ADA, rejection sensitivity (RS) was revealed
by a structural equation model. It is said that the presence of RS in depressive disor-
ders implies a poor prognosis. The following biological markers for RS were reviewed
in the literature: first, the involvement of the p-opioid receptor function in RS and,
secondly, hypersensitivity of the dopamine D4 receptor (DRD4) in the medial pre-
frontal cortex. The latter has been suggested in fear-conditioned animal experiments.
Manipulation of the p-opioid receptor function together with the DRD4 function may
culminate in a treatment for RS, which could contribute to the development of a treat-

ment for TRD via the improvement of ADA.

KEYWORDS
anxious-depressive attack, dopamine D4 receptor, rejection sensitivity, treatment-resistant
depression, p-opioid

1 | INTRODUCTION
1.1 | Whatis the anxious-depressive attack?

Anxious-depressive attack (ADA) was identified for the first time in
patients who developed refractory depression during panic disor-
der, social anxiety disorder, or depression with atypical features.>?
ADA is thought of as just a psychological version of a panic attack.
ADA begins with an abrupt surge of intense anxiety followed by un-

interrupted intrusive thoughts. The eternal ruminations about regret

or worry intrude one after another together with violent anxiety,
agitation, or loneliness with durations ranging from several tens of
minutes to half a day or an entire day. Some patients during ADA
show acting-out behaviors such as deliberate self-injury, over-dose,
assaulting others, etc. ADA is rarely noticed by physicians or third
parties, as it is almost impossible for the patient to objectively in-
form others of his or her own experiences during intense anxious
seizures (Table 1). ADA is trans-diagnostically observed in various
disorders such as major depressive disorder with or without atypi-

cal features, bipolar disorder, social anxiety disorder, panic disorder
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TABLE 1 Diagnostic criteria for anxious-depressive attack.’

(A) Anxious-depressive attack occurs suddenly and recurrently
regardless of one's situation in various mental disorders

(B) The following symptoms proceed in descending order; however,
symptom no. 4 is elective:

(1) Sudden instantaneous negative emotions occur. This is almost
identical in nature to panic attacks.

(2) Intrusive thoughts continue to arise immediately, becoming a
rumination of past regrets or worries about the future, with
a succession of changes in time and theme. The duration may
range from a few minutes to more than 3h, or sometimes an
entire day. The intrusion may also appear as a flashback.

(3) Prominent agitation, unrest, or loneliness occurs during
rumination. The degree of anxiety is so strong that it does not
match the content of the ruminating thoughts.

(4) Various coping behaviors to manage intense discomfort, such
as fugue, binge-eating, smoking, shopping addiction, drinking,
shouting, attacks on objects or people, over medication, sexual
misconduct, self-harm occasionally appear.

(C) Physical symptomes, if any, as seen in panic attacks, are extremely
modest

(D) This symptom cluster is not attributable to the direct
psychological effects of any stress, physiological effects of a
substance, or a neurological or other medical condition

(E) The disturbance is not better explained by another
neuropsychiatric disorder (e.g., panic disorder, posttraumatic
stress disorder, non-epileptic seizure, frontal epilepsy,
intermittent explosive disorder, with anxious distress specifier
for depressive disorder, sudden emotional excitement of
schizophrenia, or ataque de nervios)

with or without agoraphobia, specific phobia, obsessive-compulsive
disorder, and schizophrenia.® The proportion of patients having ADA
was 43.2% among outpatients who presented regularly for treat-
ment? but only 16.9% among first-time visiting patients.* This dis-
crepancy could be partially explained by the fact that patients with

ADA were refractory.

1.2 | Psychopathology of ADA

Considering the psychopathology of ADA, four components—re-
jection sensitivity (RS), rumination, social anxiety symptoms, and
depressive symptoms—are thought to be associated with the de-
velopment of ADA. To clarify the complex relationship between
ADA and these four components, structural equation modeling was
conducted. The structural equation model established depression
($=0.31, p<0.01) and RS ($=0.22, p<0.05) as factors contributing
to ADA® (Figure 1). This could be interpreted clinically as meaning
that if a depressed patient has rejection sensitivity, ADA is more
likely to occur.

1.3 | Aim of the present review

Given the above, this paper aims to clarify the true nature of RS,
derive ADA treatments from it, and ultimately help to solve some

Depressive symptoms
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(RRS) attack
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Social anxiety
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FIGURE 1 The structural equation model of the relationships
among RS, rumination, social anxiety symptoms, depressive
symptoms, and anxious-depressive symptoms.3 Chi-square
value:;(2=0.10, df=1, p=0.76; comparative fit index=1.000;
Tucker-Lewis Index=1.000; root mean square error of
approximation=0.000, 90% confidence interval=0.000-0.099;
and standardized root mean square residual=0.004. IPSM,
interpersonal sensitivity measure; RRS, ruminative responses scale;
LSAS, Liebowitz social anxiety scale; QIDS, quick inventory of
depressive symptomatology. *p <0.05; **p<0.01; ***p <0.001.

of the treatment-resistant depression (TRD). Thus, depression co-
morbid with anxiety disorders is intractable,>® and the presence of
RS in mood disorders implies a poor prognosis.”® Furthermore, the

depressive state of ADA is chronic and refractory.

2 | REJECTION SENSITIVITY

2.1 | History and definition of rejection sensitivity
Although RS is very important in psychology, it is rather thought
to be an orphan word in psychiatry.” The term “RS” is also used for
interpersonal rejection hypersensitivity, social pain, social RS, or
ostracism.

The term “rejection-sensitive” was first used in psychiatry by
Klein & Davies.'® They proposed the diagnostic term “rejection-sen-
sitive hysteroid dysphoria,” the original form of atypical depression.
This term was changed afterward to hysteroid disphoria.?* Klein
and Davies described symptoms that were very likely ADA as “re-
peated episodes of abruptly depressed mood in response to feeling
rejected.” Unfortunately, no detailed mention of this condition could
be found in any of their papers afterward.

When Klein first became a physician, psychiatry in the USA was
in its psychoanalytic heyday; therefore, it is assumed that Klein took
the term “RS” from the vocabulary used in psychoanalysis. The psy-
choanalyst, Horney,? used the term “painful sensitivity to any rejec-
tion or rebuff” in psychology.

The term “RS” was found in only one place in the DSM-5 diag-
nostic criteria.'® It appears in the criteria of “with atypical features”
of specifiers for bipolar and related disorders and depressive dis-
orders. As per the criteria, RS is contained in two out of the four
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mandatory symptoms in section B. It is explained as a long-standing
pattern of interpersonal RS (not limited to episodes of mood distur-
bance) that results in significant social or occupational impairment.
Furthermore, the note of the criteria describes that, unlike the other
atypical features, pathological sensitivity to perceived interpersonal
rejection is a trait that has an early onset and persists throughout
most of adult life, and that RS occurs both when the person is and
is not depressed, although it may be exacerbated during depressive

episodes. In this context, RS is not a symptom but a disposition.

2.2 | Measurement of rejection sensitivity

Stewart et al.**

developed an atypical depression diagnostic scale in
which they measured the extent to which sensitivity to interpersonal
rejection interfered with functioning. The scale contains the follow-
ing elements: (1) Interpersonal sensitivity-emotional overreaction
to RS; (2) The quality of relationships-tumultuous or stormy rela-
tionships due to overreaction to rejection or criticism; (3) Functional
impairment-work/school impairment due to overreaction to criti-
cism or rejection; (4) Avoidance of relationships-lack of relationships
due to fear or rejection; (5) Other rejection avoidance-avoidance of
other important life tasks due to rejection avoidance.

Other measures of rejection hypersensitivity exist; Boyce and
Parker'® developed a scale to measure interpersonal sensitivity
from clinical experience, defining high interpersonal sensitivity as
“undue and excessive awareness of, and sensitivity to, the behaviors
and feelings of others.” We have developed the Japanese version of
the scale.!® The interpersonal sensitivity measure (IPSM) consists of
the following five subscales: interpersonal awareness, need for ap-
proval, separation anxiety, timidity, and a fragile inner-self. Downey

and Feldman?’

coined the RS questionnaire, operationalizing RS as
“anxious or angry expectations of rejection in situations where re-

jection is possible.”

2.3 | Developmental correlates of rejection
sensitivity

Maternal harshness,® parental coercion and psychological control,*
and maltreatment?® or emotional abuse and neglect?! in the early
years of life were all predictive of the occurrence of RS at a later
date.

2.4 | Psychological correlates of rejection
sensitivity

RS is associated with aggression and victimization.?? Low self-
esteem predicted later depression via RS and loneliness.?® RS and
submissive behavior (overly accommodating, non-assertive, and self-
sacrificing) prospectively predicted increased rumination underlying

depression.?+2%
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2.5 | Clinical correlates of rejection sensitivity

RS was related to suicide ideation,26 depression, anxiety, borderline
personality disorder, and body dysmorphic disorder.?” State RS was
significantly predicted by bipolar depression, which could be used
for the differentiation of bipolar and unipolar depression.?® This evi-
dence could be closely related to the high prevalence of bipolar dis-
order in atypical depression,?’ where RS is an important symptom.
Furthermore, it was reported that heightened RS in bipolar patients
indicates a poor prognosis.30 Depressive patients with high RS were
associated with poor outcomes 1year following the baseline assess-
ment’ or 6months after the end of treatment.® Thus, the presence

of RS in mood disorders implies a poor prognosis.”®

1.3? statistically examined the symptoms of atypical

Parker et a
depression and found that RS was the most major symptom of atyp-
ical depression. It is only natural that patients with atypical depres-
sion showed ADA at the highest frequency (78.3%).2 Parker et al.!
further showed lifetime panic disorder and social anxiety disorder as
higher-order determinants of atypical depression.

32 examined in detail atypical depres-

Posternak and Zimmerman
sive symptoms in 1130 patients with anxiety disorders or depression
or both (Figure 2). The frequency of the presence of RS was the high-
est in bipolar disorder among mood disorders (58.1%). In anxiety dis-
orders without depression, RS was highest in social anxiety disorder
(44.6%). In depression, the frequency of RS more than doubled when
comorbid with anxiety disorders (21.4% vs. 53.7%). A notable find-
ing of this study was that anxiety disorders alone were nearly twice
as likely to have RS in comparison with depression alone (32.3% vs.
18.3%). In summary, when anxiety disorders occur alongside depres-
sion, the frequency of RS is higher, and more than half of the patients

involved showed probable atypical depression (53.1%).

3 | OPIOID INVOLVEMENT IN REJECTION
SENSITIVITY

3.1 | The nature of the opioid system

The opioid system has various biological functions such as reward,
analgesia, and stress responsivity.33 Herman and Panksepp34 were
the first to report that the p-opioid receptor (MOR) agonist, mor-
phine, relieved a sad squealing condition when guinea pig pups
were separated from their mothers. Similar phenomena were subse-
quently reported in various animals.3>~3 Because the parent-child
separation is an archetype of rejection, the opioid system is thought

to be deeply involved in RS.

3.2 | Brainimaging study of pain

RS induces social pain, while physical invasion causes physical pain.
The brain imaging findings of patients experiencing psychological
pain are very similar to those of patients experiencing physical pain.
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| (1) Mood Disorders and Anxiety Disorders

FIGURE 2 Prevalence of rejection
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Adjustment Disorder, D (n=32)
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Post Traumatic Stress Disorder (n=25)
General Anxiety Disorder (n=43)

Adjustment Disorder, A (n=8)

M Rejeciton Sensitivity
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sensitivity and atypical features in anxiety
or mood disorders. The figure was
prepared by the author from the data of
Posternak and Zimmerman.3? Probable
atypical features mean consisting of
mood reactivity plus only one of four

of the atypical B symptoms (DSM-

IV). Depression NOS, depression not
otherwise specified; adjustment disorder,
D, adjustment disorder, depressed mood;
panic + agoraphobia, a panic disorder with
and without agoraphobia; adjustment
disorder, A, adjustment disorder, anxious

| (2) Pure Anxiety Disorder with DD and Pure Depressive Disorder with AN

features; OCPD, obsessive-compulsive

Pure Anxiety Disorder(n=158) 43
Pure Depressive Disorder (n=328) 335
Neither (n=225) 227

personality disorder.

| (3) Depressed Patients With and Without Comorbid Anxiety Disorder

Without (n=229) 37.1

With (n=350) 53.1

[ (4) Personality Disorders

Paranoid (n=28)
Schizotypal (n=16)
Schizoid (n=11)
Borderline (n=52)
Narcissistic (n=11)
Antisocial (n=10)
Histrionic (n=18)
OCPD (n=51)
Dependent (n=6)
Avoidant (n=77)

Any PersonalityDisorder (n=166)

Eisenberger®? reviewed the shared neural substrates of physical and
social pain. She pointed out two regions mainly related to psycho-
logical pain, which are the dorsal anterior cingulate cortex and the
anterior insula. The activity of these regions was correlated with
psychological distress. Lesions in the insular region®° or cingulate
cortex*! produce pain asymbolia, a condition in which pain is per-
ceived but does not cause distress or suffering. Other brain regions
relating mainly to physical pain were the primary and secondary
somatosensory cortex and the posterior insula, in which the activ-
ity was observed also by psychological pain. This fact is particularly
evident in patients with social anxiety disorder*? and people having
A118G,*® a variation of the p-opioid receptor gene.

Positron emission tomography scans demonstrated that RS did
not cause MOR baseline binding potential or activity during accep-
tance or rejection tasks in any region of the brain in healthy par-
ticipants.** However, in patients with depression, rejection caused
reduced endogenous opioid release in brain regions relating to
stress, mood, and motivation.*?

There are clinical studies suggesting that psychological pain and
physical pain are compatible. Patients having RS in major depres-
sion*® or bipolar disorder”” were reported to be more likely to ex-
perience physical pain during their illness. The experience of pain

100 (%)

during depression was predicted by a major increase in the state of

RS for both bipolar and unipolar depression.28

3.3 | Polymorphism of the morphine receptor gene

3.3.1 | The nature of A118G

The MOR gene has a single nucleotide polymorphism, the usually
studied A118G, in which adenine is replaced by guanine in exon 1.
Asparagine is replaced by aspartic acid in the structural formula.*®
It has been reported that A118G carriers experience greater pain
intensity*”°° and need a high amount of morphine to achieve a cer-
tain effect.*® This fact means that the MOR gene with A118G has a

weaker effect on opioids.

3.3.2 | Human findings of A118G

In human studies, subjects with the 118G allele were prone to fear-
ful attachment, which is a state of refusing external communication
for fear of hurting themselves in relation to others, regardless of the
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quality of maternal care.>® A118G carriers reported higher NEO-
Neuroticism scores; a personality trait associated with increased
pain and lower placebo responses.52 Among G-allele carriers, the
effects of the negative impact of childhood adversity on personality
were greater than among A-allele homozygotes.’® An insecure at-
tachment style was more frequent in mothers and children carrying
the G allele, and mothers with the G allele showed higher interper-
sonal sensitivity, depression, hostility, and paranoid ideation than
A/A mothers.>*

An interesting clinical study of depression was conducted on
G-allele carriers.”® found that G-allele carriers were more severely
depressed and twice as likely to meet the criteria for major depres-
sive disorders following a recent targeted rejection major life event
(e.g., being broken up with, getting fired) relative to A/A homozy-
gotes who also experienced such stress.

MOR gene polymorphism was studied by using Cyberball, a vir-
tual ball-tossing game, to induce experiences of non-self-dependent
social rejection. And it was shown that the intensity of RS was in the
order G/G, A/G, and A/A.5¢ A similar, larger study using Cyberballs
failed to prove the result that RS is significantly more common in peo-
ple having the G allele.”” Relative to A/A homozygotes, G-allele carri-
ers were more sensitive to their partners' self-reported quarrelsome
behaviors.’® A study has submitted diametrically opposed results.
The dispositional interpersonal sensitivity scores were higher in the
A/A group than in the A/G (p=0.023) and G/G (p=0.009) group.*’
The results of this study seem contradictory to the author's view.
Thus, because individuals with the A118G allele are hypersensitive

4950 such individuals are more likely to show the social pain

to pain,
of rejection, given the homology between physical and psychologi-
cal pain. There is more evidence to support this hypothesis. People
with the A118G allele, with or without mental disorders, were found
to be more likely to seek out emotional relationships and pursue en-
joyment in social situations.”* The author considers this to be the
behavioral flip side of RS. Such behavior could be presumed as so-
ciotropy—the tendency to place an inordinate value on relationships
over personal independence (APA Dictionary of Psychology). There
is a study showing that sociotropy was strongly correlated with RS.¢°
This means that A118G, sociotropy, and RS are on the same line.
The close findings on opioids and RS discussed so far may pro-

vide clues for the treatment of TRD, as well as that of ADA.

3.3.3 | Animal findings of p-opioid receptor gene
polymorphisms relating attachment behavior

Barr et al.®?

reported that infants of monkeys with C77G spent
more time fawning their mothers, had limited contact with other
infants along with prolonged screams when separated from their
mothers. In addition, rhesus monkey mothers with A118G did not
attempt to separate from their offspring.62 Mouse pups with ge-
netic ablation of the opioid receptor gene did not scream when
separated from their mothers and showed no interest in their

mothers.®® Taken together, these studies indicate that animals

REPORTS

with p-opioid receptor gene polymorphisms are more prone to at-
tachment behavior.

4 | DOPAMINE'S INVOLVEMENT IN
REJECTION SENSITIVITY

4.1 | Ananimal model of rejection sensitivity

We found a study in the literature that could be considered an ani-
mal model of RS.%* It is a fear conditioning experiment in rats using
an odor (almond or pepper mint) as a conditioned stimulus and
0.8 mA electric shocks of the cage floor as an unconditioned stimu-
lus. Before the fear conditioning experiment, it was confirmed that
neurons in the medial prefrontal cortex (mPFC), which have been
identified electrophysiologically as receiving monosynaptic ortho-
dromic input from the basolateral nucleus of the amygdala (BLA),
are neurons involved in the encoding, expression, and extinction of
emotionally salient learned information (Figure 3). These neurons
showed burst activity in response to the conditioned stimuli. In con-
trast, neurons in the mPFC without input from the BLA did not show
this phenomenon. When animals received bilateral intra-mPFC, the
dopamine D4 receptor (DRD4) antagonist (L-741741), the fear-con-
ditioned response did not occur and no more burst activity was seen
in those neurons in the mPFC.%® The research group then used the
same experimental system to produce rats that did not show a fear-
conditioned response with unconditioned stimuli with an electric
shock of 0.4 mA (subthreshold). In these animals, when a DRD4 ago-
nist (PD 168077) was microinjected in the mPFC, a fear-conditioned
response was elicited.®”

Both these studies showed that the direct stimulation of DRD4
in neurons in the mPFC receiving monosynaptic input from the BLA
produced fear-conditioned responses, while the administration of a
DRD4 blocker prevented the fear-conditioned response.

Now, let us discuss how the animal experiment results can
be used as an RS model for humans. The odor of a conditioned

stimulus is clinically an insult in human relationships. This may be

mPFC °
D4

(S}

BLA

FIGURE 3 The schematic diagram of the author's estimation of
the interrelationships between mPFC neurons and BLA neurons
based on the literature of Laviolette et al.64; Wang et aI.éS;

and Floresco and Maric.®® Glutamate neurons in the mPFC are
disinhibited and become more active when inhibitory GABA inter-
neurons are suppressed by the DRD4 effect. mPFC, the medial
prefrontal cortex; BLA, basolateral nucleus of the amygdala.
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verbal or behaviorally demonstrated. The fear behaviors of ani-
mals induced by electric shock for an unconditioned stimulus are
clinically ADA. The conditioned stimulus does not elicit a fear re-
sponse in rats when the unconditioned stimulus is reduced from
0.8 to 0.4 mA. This may be comparable to a human situation where
the accusation is less severe but still retains a subtle critical nu-
ance. Therefore, a healthy person would not show any ADA at this
level. However, people with RS do exhibit ADA. Animal experi-
ments revealed that fear responses are produced even with weak
unconditioned stimuli (0.4 mA) by giving DRD4 agonists, which
increase the excitability of neurons in the prefrontal cortex that
induce amygdala firing (Figure 3). The results of this animal study
indicate that RS in humans is a situation in which the amygdala
is easily excited by the hypersensitive state of the DRD4 in the
prefrontal cortex. In other words, increased hypersensitivity to
rejection can be believed to be a state of increased DRD4 func-
tion. Hence, the hypothesis arises that DRD4 antagonists may be
effective for ADA by lowering RS.

4.2 | Rationale for using the results of the animal
studies as a model for RS in humans

The neuroscientific discussion of fear and anxiety by LeDoux and
Pine%® proposed neural circuits of two types of responses: (1)
physiological (autonomic, immune, and endocrine) and behavioral
responses (approach, avoidance, attack facial expressions, posture,
etc.) and (2) subjective emotional states (orbital brain, ventral and
dorsal prefrontal cortex, posterior parietal, and insula). These, in
ADA, include physical symptoms of very mild panic attacks, acting-
out behaviors (wrist cutting, overeating, etc.), and severe anxiety
and agitation.

The rationale for applying the experimental animal results to
humans in these studies is as follows. First, the emotion of anx-
iety is the most primitive of all human mental states. Thus, ani-
mal experiment results could be applied to humans without much
bias. Additionally, this study focused only on the intensity of fear
and does not deal with more complex subjective emotions. Hence,
applying the experimental animal results to humans in this study

would be permissible.

4.3 | Dopamine receptor D4 polymorphism

4.3.1 | Nature the DRD4 polymorphism

The human DRD4 gene has many polymorphisms in its coding se-
quence. The third exon of this gene contains a 48-base pair variable
number tandem repeat with 2-11 repeats.”” The 7R genotype is con-
sidered to be linked to the suppressed DRD4 expression in vitro.”
The 2R is considered a “displacement” for the 7R in the Asian popu-
lation; it is also assumed to function as the “risk” allele.”””® The “risk”
allele might mean the poor expression of DRD4 effects.

4.3.2 | Correlation of DRD4 polymorphism with
human behavior

The DRD4 gene polymorphism is related to the diversity of temper-
aments, behaviors, and (eventually) psychiatric disorders. A meta-
analytic study identified a significant association of “longer” DRD4
variants with lower levels of executive function and social/emotional

development.”?

No clear association between DRD4 polymorphism
and novelty-seeking was confirmed in two meta—analyses.go'81 In an
international meta-analysis,82 the association between attention-
deficit hyperactivity disorder (ADHD) and DRD4 7R was confirmed
in people of European-Caucasian (OR 1.64, p<0.00001), South
American (OR 2.41, p=0.001), and Middle Eastern ancestry (OR
0.72, p=0.014) but not confirmed in people of Asian ancestry (OR
1.65, p=0.49). Many studies have suggested that the relationship
between DRD4 polymorphism and the occurrence of ADHD might
be affected by the environment in which childhood development
took place and the presence/absence of adverse events.

The study on DRD4 gene tandem polymorphisms by Tochigi
et al.® contains the 2R (15.1%), 3R (0.5%), 4R (77.8%), 5R (4.3%), 6R
(1.5%), and 7R (0.8%) and classified the genotypes into two groups:
the short group, containing only alleles with two to four repeats
(n=170), and the long group, containing one or two alleles with five
to seven repeats (n=26). Because 83.3% of those in the genotypes
of the short group are 4R, the most psychological nature of the short
group could be regarded as resulting from the sufficient expression
of the DRD4 effects. The authors demonstrated a higher score for
neuroticism in the short group than in the long group in the examina-
tion by the revised NEO personality inventory. In the subscale of the
NEO, the score of anxiety, anger-hostility, and vulnerability in the
short group was higher than that in the long group. These psycho-
logical characteristics could be thought to be related to those of RS
and ADA. Considering the above findings on DRD4 polymorphism in
the above-mentioned discussion, it is plausible that ADA may have a
high affinity for the 4R genotype with a high DRD4 effect.

At the moment, we could not find any direct relationship be-
tween RS and DRD4 polymorphisms.

5 | NEURAL CIRCUIT OF A PANIC ATTACK
AND ADA

The author sometimes encountered cases of clinically alternative
appearances of panic attacks and ADA. This implies that primary
anxiety underlies the two phenomena. Hence, when considering the
neural circuit of the ADA, one must first consider that of the panic
attack. Figure 4 shows the proposed neural circuit of a panic attack.
In ADA, rumination is believed to be one of the primary symptoms.
The currently proposed circulatory neural pathways of rumination in
depression are ventromedial prefrontal cortex — posterior cingulate
cortex (precuneus) — dorsomedial nucleus of the thalamus — sub-
genual prefrontal cortex — ventromedial prefrontal cortex,”? which

is a major part of the default mode network (Figure 5). In functional
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FIGURE 4 The schematic diagram
of the neuronal circuit of panic attack
prepared by the author based on literature
of LeDoux and Pine,®; Dreslerer al,®’;
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FIGURE 5 The tentative schematic diagram of the neuronal
circuit of anxious depressive attack. See text for detailed
explanation.

MRI studies of depression, the fiber connections between the amyg-
dala and the two portions of the rumination pathway, including the
amygdala-subgenual prefrontal cortex pathway73 and the amygdala-
precuneus pathway,”* are hyperfunctional. As these two pathways
are reciprocal, excitation of the amygdala may facilitate the rumina-
tion circuit and vice versa. This may explain why the duration of the
ADA is longer than the duration of the panic attack. Alternatively, in
the case of a panic attack, amygdala excitation moves downward to
the brainstem and is eliminated by the outbreak of physical symp-
toms, resulting in an attack not lasting for a long time.

6 | THERAPEUTIC ISSUES

6.1 | Clinical application related to opioids

Clinically potent antidepressants, mirtazapine, fluoxetine, venlafax-
ine,8* and imipramine,85 were demonstrated to have analgesic ef-
fects at high doses, which were inhibited by naloxone, a non-specific
antagonist of the opioid receptor in animal experiments. Among

86,87 89,90

them, fluoxetine, venlafaxine,88 and imipramine were dem-

onstrated to be effective for atypical depression.

Tramadol is a synthetic opioid with an analgesic effect, and its
mechanism of action is the reuptake inhibition of norepinephrine
and serotonin®! It has structural similarities with Venlafaxine.”?
Therefore, it has been suggested that tramadol could be used as
an antidepressant with the benefits of an acute onset of action
compared to modern antidepressants and the documentation of
low abuse rates while maintaining an objective view of the risks.”®
Indeed, tramadol has been reported to be effective in augment-
ing treatment in 12 patients with a major depressive disorder who
had a partial response to selective serotonin reuptake inhibitors.”*
A monotherapy with tramadol was also reported”: A 64-year-old
male patient having long-term intractable depression comorbid with
obsessive-compulsive disorder and panic disorder (in remission) de-
scribed feeling the effect of tramadol within 30 min. Beforehand, the
patient had failed 16 antidepressants (including monoamine oxidase
inhibitors), three augmentation trials (including bupropion, lithium,
and methylphenidate), and a combination of five anxiolytic drugs.
Tramadol is marketed in Japan as a non-narcotic analgesic in combi-

nation with Acetaminophen.

6.2 | Clinical application related to the dopamine
D4 receptor hypothesis

As shown in the previous chapter (4.1.), RS is considered to be re-
lated to the hypersensitivity of DRD4. Therefore, the treatment of
RS requires drugs to decrease or block the effects of DRD4 actions.
Many dopamine receptor blockers are used as antipsychotics and
some block DRD4. The candidate drugs for anti-RS among dopamine
blockers are preferable to have a relatively higher blocking power for
DRD4 and lower potential for DRD2 effects, which causes extrapy-
ramidal symptoms. For patients having agitation or violent anxiety,
a, blocking effects might be necessary. Table 2 lists candidate drugs.
Of these drugs, those likely to be available in clinical practice for the
treatment of ADA would be pipamperone for regular treatment and
asenapine for single use during highly excited attacks because of its
fast action and sedative effect.

In the practical clinical treatment of ADA, these laboratory
data need to be used as a basis for selecting drugs, taking into
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DRD4 DRD2 D4/D2 al
Pipamperone 51 120.0 0.04 66.0
Clozapine 40.0 152.0 0.26 123.0
63.0 72.0 0.86 109.0
47.0 125.0 0.38 =
13.0 74.0 0.17 =
Asenapine 1.1 1.3 0.85 1.2
Olanzapine 21.0 72.0 0.29 109.0
26.0 11.0 2.36 =
57.3 10.5 5.46 =
Perospirone 1.8 1.3 1.38 2.5
Mosapramine 3.2 1.8 1.66 43.0
Risperidone 16.0 3.3 4.84 2.3
7.5 4.9 1.53 5.0
Haloperidol 15.0 2.0 7.50 =
11.0 1.4 7.80 19.0
5.0 2.0 2.50 12.0
1.6 1.0 1.60 =
2.3 1.4 1.64 =
Spiperone 1.4 0.053 26.40 25.0

account the patient's general condition (including agitation) and
side effects.

7 | DISCUSSION

In an immunohistochemical experiment in the rat striatum, the
DRD4 agonist, PD168,870, reduced the immunoreactivity of
p-opioids; conversely, the DRD4 antagonist, L745,870, enhanced
the immunoreactivity of p—opioids.103 This mechanism may also
apply to the human frontal cortex because DRD4 gene expres-
sion'® and MOR messenger RNA® are present at high concen-
trations in the human frontal cortex. If so, the treatment of ADA
with underlying RS using DRD4 blockers may also have an additive
effect on opioid systems.

The DRD4 polymorphism tandem repeat 4, which may be as-
sociated with ADA, has a high distribution rate in Asia, particularly
in Japan.1°® Furthermore, the MOR polymorphism, A118G, has the
highest distribution rate in Japan.’®” ADA cases are more common
in Japan than in Europe and the USA due to these ethnic differences
in gene polymorphisms. Therefore, there are still no studies on ADA
in Western countries.

RS is associated with borderline personality disorder
(BPD),?1:27108.109 i \which 91% of adolescents engaged in nonsui-
cidal self-injury at least once.*® Patients with ADA often attempt
self-mutilation during attacks. We treated ADA in a 30-year female
patient diagnosed with borderline personality disorder using halo-
peridol, a DRD4 blocker. After 10 months of treatment, this patient's
BPD together with ADA completely disappeared.’'* Notably, not
all patients with BPD have ADA. We believe that the symptoms

TABLE 2 Kivalues of the candidate
drugs.
Lietal?®

Schotte et al.”’

Ishiyama et al.”®

Bymaster et al.?%°

Patel et al.1%?

Stoner et al.”?

Ishiyama et al.”®

Bymaster et al.1%°

Rasmussen et al.1%!
Schotte et al.”’
Schotte et al.”’
Schotte et al.”’
Ishiyama et al.”®
Lietal”®

Schotte et al.”’
Ishiyama et al.”®
Bymaster et al.}%°
Patel et al.1%2

Li etal.?®

described in section 6 of the DSM-5 diagnostic criteria for BPD were
evident in people with ADA, but this condition does not correspond
to ADA. Thus, some patients diagnosed with BPD may have ADA,
which can be treated with a DRD4 blocker.

In a recent study on borderline personality disorder, separation
anxiety was highlighted as a cross-diagnostic target symptom from a
therapeutic perspective.!*? As biological markers of separation anx-
iety, variants in the oxytocin receptor, serotonin transporter, MOR,
DRD4, and translocator protein were proposed.!*® Separation anxi-
ety is a contributing factor to the emergence of rejection sensitivity.
Separation anxiety was adopted as one of the five subscales of the
IPSM.!> Extensive twin studies have shown that separation anxiety,
carbon dioxide sensitivity, and panic disorder are genetically closely
related. Within these phenotypes, separation anxiety, carbon di-
oxide sensitivity, and early separation are all closely related to opi-
0ids.>*''* Taken together, opioids may play an important role in the
pathophysiology of both RS and separation anxiety, which are key
symptoms of various internalized disorders.

Research domain criteria recommended a dimensional approach
focusing on narrower domains of psychopathology, rather than
the use of diagnostic criteria in clinical research, to characterize
brain-behavior relationships.115 Especially in emotional disorders
having complicated comorbidities, the dimensional approach seems
more important than disorder-specific criteria.*'® Such directivity
could also look at developmental and environmental aspects that
would help experts to treat the disorders from a more fundamen-
tal level.'Y” The present paper has gone along with these directions,
in which RS is thought to be a psychological marker of TRD, and
MOR and DRD4 function are regarded as biological markers of RS.
Furthermore, ADA mediates between RS and TRD.
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8 | CONCLUSION

Although the incidence of ADA is not low, very few physicians can
diagnose ADA in clinical practice because patients rarely complain
of ADA on their own. ADA is treatable, as shown in this study. Thus,
if ADA were recognized by more physicians, the incidence of TRD
would be reduced.
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