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SEROTONIN AND DOPAMINECommentary

It is unfortunate that, in some clinical areas, medical condi-
tions are still treated by name and not based on the under-
lying pathological process. It would be odd in 2022 to treat 

“dropsy” instead of heart or kidney disease (2 very different 
causes of edema). Similarly, if the FDA had been approving 
drugs 150 years ago, we would have medications on label 
for “dementia praecox,” not schizophrenia or Alzheimer dis-
ease. With the help of DSM-5, psychiatry still resides in the 
descriptive symptomatic world of disorders.

In the United States, thanks to Freud, psychiatric symp-
toms became separated from medical symptoms, which 
made it more difficult to associate psychiatric manifestations 
with the underlying pathophysiology. Though the physical 
manifestations that parallel emotional symptoms—such as 
the dry mouth of anxiety, the tremor and leg weakness of 
fear, the constipation and blurry vision of depression, the 
breathing difficulty of anger, the abdominal pain of stress, 
the blushing of shyness, the palpitations of flashbacks, and 
endless others—are well known, the present classifica-
tion of psychiatric disorders is blind to it. Neurochemical 
causes of gastrointestinal spasm or muscle tension are better 
researched than underlying central neurochemistry, though 
the same neurotransmitters drive them.

Can the biochemistry of psychiatric symptoms be judged 
on the basis of peripheral symptoms? Can the mental mani-
festations be connected to biological causation, and vice 
versa? Would psychiatrists be better off selecting treatments 
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by recognizing involved neurotransmitters 
instead of addressing descriptive “depres-
sion, anxiety, and psychosis”? Each of these 
clinical syndromes may be caused by entirely 
different underlying neuronal mechanisms. 
Such mechanisms could be suggested if med-
ical symptoms (which are measurable and 
objective) would become part of the psychi-
atric diagnosis. Is treating the “cough” suffi-
cient, or would recognition that tuberculosis 
caused the cough guide better treatment? Is it 
time to abandon descriptive conditions and 
replace them with a specific “mechanism-
based” viewpoint?

Ample research has shown that serotonin, 
dopamine, norepinephrine, endorphins, 
glutamate, and gamma aminobutyric acid 
(GABA) are the neurotransmitters most 
responsible in the process of both psychiat-
ric disorders and chronic pain. These neuro
transmitters are involved in much more than 
emotions (including the feeling of pain). An 
abundance of medical symptom clusters 
point toward which neurotransmitter dys-
function may be leading in specific cases of 
distinct types of depression, psychosis, anxi-
ety, or “chronic pain.” Even presently, there 
are medications available (both for FDA-
approved indications and off-label) that can 
be used to regulate these neurotransmitters, 
allowing practitioners to target the possible 
biological underlining of psychiatric or pain 
pathology. Hopefully, in the not-so-distant 
future, there will be specific medications 
for serotonin, dopamine, and noradrenergic 
depression as well as for GABAergic anxiety, 
endorphin psychosis, noradrenergic insom-
nia, and similar conditions.

Numerous neurotransmitters may be 
connected to both depression and pain 
in all their forms. These include (but are 
not limited to) prostaglandins, bradyki-
nins, substance P, potassium, magnesium, 
calcium, histamine, adenosine triphos-
phate, calcitonin gene-related peptide 
(CGRP), nitric oxide (NO), cholecystoki-
nin 7 (CCK7), neurotrophic growth factor 
(NGF), neurotensin, acetylcholine (Ach), 
oxytocin, cannabinoids, and others. These 
have not been researched sufficiently 
to identify their clinical presentation of 
excessive or insufficient availability at the 
sites of neurotransmission. It is difficult 

to draw conclusions about what kind of 
clinical symptoms they may cause (out-
side of pain), and therefore, they are not 
addressed in this article.

Both high and low levels of certain neuro
transmitters may be associated with psychi-
atric conditions and chronic pain. Too much 
is as bad as too little.1 This applies to both 
quantity of neurotransmitters as well as qual-
ity of the corresponding receptor activity. An 
astute clinician may judge which neurotrans-
mitter is dysfunctional based on the patient’s 
presentation. Reading indirect signs of bodily 
functions is a basic clinical skill that should 
not be forgotten, even in the time of advanced 
technology.

A different way of viewing 
psychiatric disorders
In this article, we present 4 hypothetical 
clinical cases to emphasize a possible way 
of analyzing symptoms to identify under-
lying pathology and guide more effective 
treatment. In no way do these descriptions 
reflect the entire set of symptoms caused by 
neurotransmitters; we created them based on 
what is presently known or suspected, and 
extensive research is required to confirm or 
disprove what we describe here.

There are no well-recognized, well-
established, reliable, or validated syn-
dromes described in our work. Our goal is 
to suggest an alternative way of looking at 
psychiatric disorders by viewing syndro-
mal presentation through the lens of specific 
neurotransmitters. The collection of symp-
toms associated with various neurotrans-
mitters as presented in this hypothesis is 
not complete. We have assembled what is 
described in the literature as a suggestion 
for specific future research. We simplified 
these clinical presentations by omitting sce-
narios in which a specific neurotransmitter 
increases in one area but not another. For 
example, all the symptoms of dopamine 
excess we describe would not have to occur 
concurrently in the same patient, but they 
may develop in certain patients depending 
on which dopaminergic pathway is exhibit-
ing excess activity. Such distinctions may be 
established only by exhaustive research not 
yet conducted.
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Neurotransmitters 
(Part 1)

Our proposal may seem radical, but it 
truly is not. For example, if we know that 
dopamine excess may cause seizures, psy-
chosis, and blood pressure elevation, why 
not consider dopamine excess as an under-
lying cause in a patient with depression 
who exhibits these symptoms simultane-
ously? And why not call it “dopamine 
excess syndrome”? We already have “sero-
tonin syndrome” for a patient experiencing 
a serotonin storm. However, using the same 
logic, it should be called “serotonin excess 
syndrome.” And if we know of “serotonin 
excess syndrome,” why not consider “sero-
tonin deficiency syndrome”?

In Part 1 of this article, we discuss sero-
tonin and dopamine. Table 1 outlines 
medical and psychiatric symptoms that 
likely reflect serotonin excess2-18 and defi-
ciency,14,19-29 and Table 2 (page 34) lists 
symptoms that likely reflect dopamine 
excess14,30-41 and deficiency.4,14,20,38,40-43 In Part 
2 we will touch on endorphins and norepi-
nephrine, and in Part 3 we will conclude by 
looking at GABA and glutamate.

Serotonin excess (Table 12-18)
On a recent office visit, Ms. H reports that 
most of the time she does not feel much 

Clinical Point

Research shows the 
neurotransmitters 
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involved in much 
more than emotions

Table 1

Examples of symptoms that likely reflect serotonin excess or deficiency
Serotonin excess (medical) Serotonin deficiency (medical)

Obesity2 Muscle tension14,26,27

Disglycemia2 Shaking14,26,27

Gut hypermotility4,7,8 Abdominal pain14,26,27

Tremor, hyperreflexia6-9 Tinnitus28

Failure of platelet aggregation (infrequent)11 Dry skin14,26,27

Hot flashes3,6-9,14 Recurrent headaches23,24

Paresthesias7,9,10 Brittle hair23

Blurred vision due to mydriasis5,7,9 Dry mouth14,23,27

Hyperhidrosis6-8 Rare blinking23,28

Shivering6-9 Obtundation14,26

Ocular flutter (severe cases)6-9 Constipation26,27

Muscle twitches and fasciculations5,8,9 Lower pain sensitivity (with severe deficiency)14,24

Seizures6-8

Hypernatremia3 

Diarrhea3,4,7,8

Higher pain sensitivity12,14

Headache5,9

Hypertension6,8-10 

Serotonin excess (psychiatric) Serotonin deficiency (psychiatric)

Panic attacks8,9,13 Psychomotor retardation21,26,27

Psychosis6,8 Higher lifetime aggressivity21

Loss of creative drive15-18 Anhedonia21,26,27

Indifference to stress15-18 Aggressivity when under influence of alcohol25

Hypervigilance13 Generalized anxiety21

Brain “zapping”8,13 High-lethality suicide attempts19,21,22,25

Insomnia8 Hopelessness19

Restlessness/agitation6,8 “Slow thinking”21,26,27

Amotivational syndrome15-18 Binge eating20,29

Carbohydrate craving29

Alcohol abuse29
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of anything, but she still experiences panic 
attacks8,9,13,15 and is easily agitated.6,8 Her 
mother died recently, and Ms. H is concerned 
that she did not grieve.15-18 She failed her last 
semester in college and was indifferent to 
her failure.18 She sleeps poorly,8 is failing 
her creative classes, and wonders why she 
has lost her artistic inclination.16-18 Ms. H has 
difficulty with amotivation, planning, social 
interactions, and speech.16,17 All of those 
symptoms worsened after she was pre-
scribed fluoxetine approximately 1 year ago 
for her “blues.” Ms. H is obese and continues 
to gain weight,2 though she frequently has 
diarrhea,3,4,7,8 loud peristalsis, and abdomi-
nal cramps.4,7,8 She sweats easily6-8 and her 
heart frequently races.8,9 Additionally, Ms. 
H’s primary care physician told her that 
she has “borderline diabetes.”2 She is prone 
to frequent bruising11 and is easy to shake, 
even when she is experiencing minimal 
anxiety.6-9 Ms. H had consulted with a neu-
rologist because of unusual electrical “zap-
ping” in her brain and muscle twitches.5,8,9,13 
She had experienced a seizure as a child, 
but this was possibly related to hyperna-
tremia,2 and she has not taken any anticon-
vulsant medication for several years.8 She 
exhibits hyperactive deep tendon reflexes 
and tremors5,7,9 and blinks frequently.6,9 She 
experiences hot flashes,3,6-8,14 does not toler-
ate heat, and prefers cooler weather.8,9 Her 
pains and aches,12,14 to which she has been 
prone all of her life, have recently become 
much worse, and she was diagnosed with 
fibromyalgia in part because she frequently 
feels stiff all over.10 She complains of strange 
tingling and prickling sensations in her 
hands and feet, especially when anxious.7,9,10 
Her headaches also worsened and may be 
precipitated by bright light, as her pupils 
are usually dilated.5,7,9 Her hypertension is 
fairly controlled with medication.6,8-10 Ms. 
H says she experienced a psychotic episode 
when she was in her mid-teens,6,8 but reas-
sures you that “she is not that bad now,” 
although she remains hypervigilant.13 Also 
while in her teens, Ms. H was treated with 
paroxetine and experienced restlessness, 
agitation, delirium, tachycardia, fluctuating 
blood pressure, diaphoresis, diarrhea, and 
neuromuscular excitation, which prompted 
discontinuation of the antidepressant.5-7,9,10

Impression. Ms. H exhibits symptoms 
associated with serotonin hyperactivity. 
Discontinuing and avoiding selective sero-
tonin reuptake inhibitors (SSRIs) would 
be prudent; prescribing an anticonvulsant 
would be reasonable. Using a GABAergic 
medication to suppress serotonin (eg, 
baclofen) is likely to help. Avoiding dopami-
nergic medications is a must. Antidepressive 
antipsychotics would be logical to use. The 
use of serotonin-suppressing medications 
may be considered. One may argue for the 
use of beta-blockers in such a patient.

Serotonin deficiency (Table 114,19-29)
Mr. A is chronically depressed, hopeless,19 
and easily angered.21 He does not believe 
anyone can help him.19 You are concerned for 
his safety because he had attempted to end 
his life by shooting himself in the chest.19,21,22,25 
Even when he’s not particularly depressed, 
Mr. A does not enjoy much of anything.21,26,27 
He becomes particularly agitated when he 
drinks alcohol,25 which unfortunately is com-
mon for him.29 He engages in binge eating to 
feel better; he knows this is not healthy but he 
cannot control his behavior.20,29 Mr. A is poorly 
compliant with his medications, even with a 
blood thinner, which he was prescribed due 
to an episode of deep vein thrombosis. He 
complains of chronic daily headaches and 
episodic migraines.23,24 He rarely blinks,23,28 
his skin is dry and cool, his hair is brittle,23 
his mouth is dry,14,23,27 and he constantly licks 
his chapped lips.14,26,27 Mr. A frequently has 
general body pain26,31 but is dismissive of his 
body aches and completely stops reporting 
pain when his depression gets particularly 
severe. When depressed, he is slow in move-
ment and thinking.14,21,26,27 He is more con-
cerned with anxiety than depression.21 Mr. A 
is plagued by constipation, abdominal pain, 
muscle tension, and episodes of shaking.14,26,27 
He also frequently complains about chronic 
tinnitus.28

Impression. Mr. A shows symptoms asso-
ciated with serotonin hypoactivity. SSRIs 
and any other antidepressants with sero-
tonin activity would be an obvious choice 
for treatment. A mood-stabilizing antipsy-
chotic with serotonin activity would be 
welcome in treatment. Thyroid hormone 
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supplementation may be of value, espe-
cially if thyroid stimulating hormone level 
is high. Light therapy, a diet with food 
that contains tryptophan, psychotherapy, 
and exercise are desirable. Avoiding ben-
zodiazepines would be a good idea.

Dopamine excess (Table 214,30-41)
Ms. L presents with complaints of “fibro-
myalgia” and “daily headaches,”14 and also 
dissociation (finding herself in places when 
she does not know how she got there) and 
“out-of-body experiences.”32 She is odd, 

and states that people do not understand 
her and that she is “different.”38 Her friend, 
who is present at the appointment, elabo-
rates on Ms. L’s bizarreness and oddness 
in behavior, out-of-context emotions, suspi-
ciousness, paranoia, and possible hallucina-
tions.35,36,38 Ms. L discloses frequent diffuse 
body pains, headaches, nausea, excessive 
salivation, and tongue burning, as well as 
muscle twitching.14 Sex worsens her head-
aches and body pain. She reports seizures 
that are not registered on EEG. In the office, 
she is suspicious, exhibits odd postur-
ing, tends to misinterpret your words, and 

Table 2 

Examples of symptoms that likely reflect dopamine excess or 
deficiency
Dopamine excess (medical) Dopamine deficiency (medical)

Hypertension14 Extrapyramidal disorder14

Headache14 Tremor14

Diffuse body pains14 Musculoskeletal stiffness4

Muscle twitching14 Hypotension14

Piloerection14 Restless legs14

Tachycardia14 Loss of appetite14

Ectopic beats40 Dizziness14

Widened QRS complex14 Dry mouth14

Nausea/vomiting14 Constipation14

Sialorrhea14 Diminished motor performance  
(repetitive tasks)14,43

Tongue burning sensation14

Mydriasis14

Delayed gastric emptying37

Dopamine excess (psychiatric) Dopamine deficiency (psychiatric)

Out-of-context emotions35,36,38 Somnolence38,41,42

Peculiarity and oddness38 Hypersomnia38,41,42

Suspiciousness38 Abulia38,41,42

Delusions38 Apathy38,41,42

Hypervigilance38 Mask-like face43

Hallucinations38 Need for praise and reward38,41

Anxiety41 Binge eating behaviors20,40

Excessive grooming behaviors,  
cleansing rituals31,32

Paucity of speech38,42,43

Trichotillomania32-34 Limited eye contact38,42,43 

Gambling, compulsive sex, compulsive buying35,36 Decreased interest38,41,42

Thrill-seeking behaviors35,36 Poor grooming42,43

Self-mutilating behaviors30 Decreased motivation38,41,42

Dissociation32 Difficulty forming therapeutic alliance38,41-43

Somatic psychosis, somatic symptom disorder, 
factitious disorder, pain disorder, hypochondria39

Unusual tiredness/weakness38,41-43
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makes you feel uncomfortable. Anxiety38 
and multiple obsessive-compulsive symp-
toms, especially excessive cleaning and 
grooming, complicate Ms. L’s life.31,32,34 
On examination, she is hypertensive, and 
she has scars caused by self-cutting and 
skin picking on her arms.30-32 An electro-
cardiogram shows an elevated heart rate, 
widened QRS complex, and ectopic heart-
beats.14 Ms. L has experienced trichotilloma-
nia since adolescence32-34 and her fingernails 
are bitten to the skin.34 She has difficulty 
with impulse control, and thrill-seeking 
is a prominent part of her life, mainly via 
gambling, compulsive sex, and compulsive 
buying.35,36 She also says she experiences 
indigestion and delayed gastric emptying.37

Impression. Ms. L exhibits multiple symp-
toms associated with dopamine excess. 
Dopamine antagonists should be considered 
and may help not only with her psychiatric 
symptoms but also with her pain symptoms. 
Bupropion (as a dopamine agonist), caffeine, 
and stimulants should be avoided.

Excessive dopamine is, in extreme cases, 
associated with somatic psychosis, somatic 
symptom disorder, factitious disorder, 
pain disorder, and hypochondria.39 It may 
come with odd and bizarre/peculiar symp-
toms out of proportion with objectively 
identified pathology. These symptoms  
are common in chronic pain and head-
ache patients, and need to be addressed by 

appropriate use of dopamine antagoniz-
ing medications.39  

Dopamine deficiency (Table 24,14,20,38,40-43)
Mr. W experiences widespread pain, includ-
ing chronic back pain, headaches, and 
abdominal pain. He also has substantial 
anhedonia, lack of interest, procrastination, 
and hypersomnia.41,42 He is apathetic and 
has difficulty getting up in the morning.41,42 
Unusual tiredness and weakness drive him 
to overuse caffeine; he states that 5 Mountain 
Dews and 4 cups of regular coffee a day 
make his headaches bearable.38,41-43 Sex also 
improves his headaches. Since childhood, 
he has taken stimulants for attention-deficit/
hyperactivity disorder. He reports that occa-
sional use of cocaine helps ease his pain and 
depression. Mr. W’s wife is concerned with 
her husband’s low sexual drive and alcohol 
consumption, and discloses that he has peri-
odic trouble with gambling. Mr. W was forced 
into psychotherapy but never was able to 
work productively with his therapist.38,41-43 He 
loves eating and cannot control his weight.40 
This contrasts with episodic anorexia he 
experienced when he was younger.20 His 
face is usually emotionless.43 Mr. W is prone 
to constipation.14 His restless leg syndrome 
and periodic limb movement disorder are so 
bad that his wife refuses to share a bed with 
him.14 He is clumsy and has a problem with 
repetitive motor tasks.43 A paucity of speech, 
limited eye contact, poor grooming, and diffi-
culty forming therapeutic alliances have long 
been part of Mr. W’s history.38,42,43 On physical 
examination, he has a dry mouth; he is stiff, 
tremulous, and hypotensive.14

Impression. Mr. W shows multiple symp-
toms associated with dopamine deficiency. 
Bupropion may be reasonable to consider. 
Dopamine augmentation via the use of 
stimulants is warranted in such patients, 
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Related Resources
•	�Abell SR, El-Mallakh RS. Serotonin-mediated anxiety: How 

to recognize and treat it. Current Psychiatry. 2021;20(11):37-
40. doi:10.12788/cp.0168

Drug Brand Names

Amantadine • Gocovri
Baclofen • Ozobax
Bupropion • Wellbutrin

Fluoxetine • Prozac
Lisdexamfetamine • Vyvanse
Paroxetine • Paxil

Bottom Line
Both high and low levels of serotonin and dopamine may be associated with 
certain psychiatric and medical symptoms and disorders. An astute clinician may 
judge which neurotransmitter is dysfunctional based on the patient’s presentation, 
and tailor treatment accordingly.
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especially if stimulants had not been tried 
before (lisdexamfetamine would be a good 
choice to minimize addictive potential). 
For a patient with dopamine deficiency, 
levodopa may improve more than just rest-
less legs. Amantadine may improve dopa-
minergic signaling through the accelerated 
dopamine release and decrease in presyn-
aptic uptake, so this medication may be 
carefully tried.44 Pain treatment would not 
be successful for Mr. W without simultane-
ous treatment for his substance use.
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