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Catecholamines and Trace Amines
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AADC: Aromatic L-amino acid decarboxylase
DBH AAAH: Aromatic amino acid hydroxylase

PNMT: Phenylethanolamine N-methyltransferase;
DBH: Dopamine beta-hydroxylase
COMT: Catechol-O-methyltransferase
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Trends Pharmacol. Sci. 2005 274-281

Above: Neural Pathway of Dopamine
Right: Norepinephrine Neural Pathway

ACS Chem. Neurosci. 2015, 6, 16-26

Dopamine Trends in Neurosciences. 2007, 30, 194-202
 Synthesized in the medulla of the adrenal glands and in neurons where itit a
neurotransmitter and precursor to epinephrine and norepinephrine.

* It does not cross the BBB.

» Two known types of receptors D4-like (D4 and Ds) and D,-Like (D5, D3, and
Dy)

* Binding to D4-like receptors is excitatory

* Binding to D,-like receptors is inhibitory.

* D4 receptors are most common, D, are common and D3, D4, and D5 are least
common.

« Its Major functions are: Motor Control, Motivation, Arousal, Reinforcement and
Reward

* Its Minor Functions are: Sexual Drive, Nausea, and Lactation.

* Produced in the Ventral Tegmental Area (VTA) and released in the Frontal
Cortex, Nucleus accumbens and Hippocampus.

* Produced in the Substantia Nigra and released in the dorsal striatum. (motor
functions pathway)

« Higher levels of dopamine in pathways of the Basal Ganglia indicate easier
activation. This area of the brain is responsible for initiation of behaviors. Thus
dopamine plays a critical role in operant conditioning to reward signals.
Epinephrine N. Engl. J. Med. 1980; 303:436-444

* Produced in adrenal glands and neurons in the medulla oblongata.

* Regulates visceral functions like respiration.

« In fight or flight, interacts with the sympathetic nervous system: increases blood
flow to muscles and cardiac output, dilates pupils, releases blood sugar.

* Binds a and B receptors but does not cross BBB.

* Not produced in the brain. Peripheral system only.

« Effects long term memory of stressful events through peripheral excitation.
Comprehensive Physiology 2015, 5, 1-15

'» Produced in the locus coeruleus (pons/brain), utilized by sympathetic ganglions along spinal cord.

i* Redirected by adrenal glands back into blood, similar effects as epinephrine by binding adrenergic receptors
i+ Effects include: pupil dilation, increased cardiac output, adipose tissue thermogenesis, vasoconstriction,
Esugar production in liver, relese of glucagon in pancrease

i Directly related to alertness and wakefulness. The LC mobilizes the brain for action in fight or flight

Adrenal gland

Striatum

_ Substantia

Kidney
Above: Epinephrine
Produced in Adrenal gland
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Trace Amine Biology

* 9 Genes/Pseudogenes in humans that are known to be related to trace amines.
* Genes: TAAR1, TAAR2, TAARS5, TAAR 6, TAAR8 and TAAR9

* Pseudogenes: TAAR3, TAAR4, TAARS.

* Mostly orphan genes with little understood about their role and natural substrates.
*TAAR1 is most well understood and is found in the VTA, Frontal Cortex,
hypothalamus and elsewhere.

* Binds tyramine> B-phenethylamine>dopamine=octopamine. It is also known to
bind synthetic amphetamines.

« It exerts a negative control on dopaminergic activity indiciating trace amines may
act as neuromodulators.

* TAAR2 sometimes has a nonsenses mutation in schizophrenic patiens.

* TAARS5 is most highly conserved among mammals, found in olfactory epithelium.
» TAARG has been associated with schizophrenia, depression and bipolar.

* TAAR8 may be stimulated by lipopolysaccharides, making it potentially unique.

* No reliable information is known on TAAR9's role.

Biomed.& Pharmacotherapy 2016. 83. 439-449

Progress in Neurobiology. 2006. 79. 223-246

Trends Pharmacol. Sci. 2005 274-281

Cellular Role of Dopamine
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2. The vesicle travels down the axion reacing the terminal where exocytosis releases
dopamine into the synapse when signaled. The extracellular dopamine binds the
dopamine receptor, transmitting the signal to another neuron.
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1. Using a proton gradient established by an ATPase, VMAT

antiports DOPA into the vesicle and a proton to the cytosol. 3. The Dopamine Transporter pumps DOPA into the cytosol of the presynaptic

neuron. Here, the DOPA can be reused by transport into another vesicle by VMAT or

A . . destoryed by MAO.
Vesicle monoamine transporter (VMAT)

Dopamine Recepter (D4-like or D,-like) DOPAC= Dihydroxyphenylacetic acid
Dopamine Transporter (DAT) ("reuptake pump")

O Monoamine Oxidase (MAO)

Mechanisms of neurotransmitter release by amphetamines: a review.
Progress in Neurobiology. 2005. 75, 406-433
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Modulation of Dopamine by Amphetamine
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1. Amphetamine destroys the proton gradient in vesicles leading to
dopamine release into the cytosol.
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2. Amphetamine inhibits MAO, protecting cytosolic DOPA.
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3. AMPH causes DAT to actively transport DOPA into the synapse, the wrong way.
The exact mechanisms for this are not yet known. APMH also slightly blocks
reuptake of DOPA. This leads to an increase in extracellular dopamine recognized by
nearby neurons.

4. AMPH stimulates the production of DOPA, further amplifing the drugs effects.

In addition to DOPA, AMPH affects the pathways of the other catecholamines
and even tryptamines like serotonin. The effects of other stimulant producing
subsituted amphetamines like METH are mechanistically similar.

( "Therapeutic doses are normally given up to about 60 mg.
... [ have] never gone over 40 mg, but based on the
experiences of others who have, [| recommend] this

estimated dosing schedule: (1) Light increase in motivation:
10-15 mg. (2)‘Good’ club buzz: 20-40 mg (add 1-2 drinks
and [you are] set!). (3) Highway speeds: 60—80 mg (might
start cleaning the club/party your [sic] at, lol). (4) TWEAKED
OUT: 100-120 mg (not recommended). **Based on Instant-
release pills take orally... as always tolerance and body-type
depending..."

Pharmacol Rev. 2014, 66, 193—221

Mechanisms of neurotransmitter release by amphetamines: a review.
Progress in Neurobiology. 2005. 75, 406-433
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Theories of Dopamine Receptor Evolution
* D4-Like and D,-Like receptors are thought to have completely independent

lineages indicating that the ability to bind dopamine was aquired twice

D,-Like: DRD,, DRDs, DRD,¢c, DRDE,

* Lack of introns

« Activates Gagqf G-proteins causing cAMP production.

* D4 has sister relationships with D5 and the D4¢/e clade.

* D4c and D4g have a sister relationship.

* Over time, the binding pocket of D4 has become more refined for DOPA.
D,-Like: DRD,, DRD,,, DRD3, DRD4gs,

* Up to 6 introns.

* Activates Goy, G-proteins inhibiting cAMP production.

* D, has sister relationships with D5

* D4 and the D,3 clade have a sister relationship..

2 Whole Genome Duplications

+ 4+ + X ¥
DRD; DRDs  DRDijce DRD,»  DRD;

Common ancestor
of vertebrates

Common ancestor
of gnathostomes

During the two episodes of vertebrate whole genome duplication, 4 copies of
D,-like and Do-like receptors were produced (8 total). In both the D4 and D,
lineages, one of the copies was lost. Later, in the gnathostome ancestor, the
DRD /g ancestor was duplicated. Also in the gnathostome ancestor, the
DRDyj,. and DRDy;srs ancestors were duplicated giving rise to the 5 D,-like

receptors we know today.

» Note: Research on this topic is still very active and the theories presented
may change. Additionally, an opinion exists that eukaryotic cells aquired cell-
cell signaling machinery through late horizontal gene transfer from bacteria
(similar to the way eukaryotic cells gained mitochondria).

PeerJ 2018 DOI: 10.7717/peerj.4593; Biol. of the Cell 2003, 95, 489-502
Trends in Genetics 2004, 20, 292-299
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ADHD and Amphetamines

* Amphetamines have become the first-choice treatment for ADHD.
Attention Deficit Hyperactivity Disorder (ADHD)
* Today, 4-10% of children are affected in US. Boys are 2X diagnosed compared to girls.
» Three categories: Predominantly inattentive (ADHD-PI), Predominantly Hyperactive-
impulsive (ADHD-PD or ADHD-HI), and Combined type (ADHD-C).
* 30-50% of people have ADHD symptoms continue into Adulthood.
» Genetics determine roughly 75% of cases, indicating a genetic component although
ADHD is very poorly understood today.
« Difficult to diagnose because the behaviors exist on a continuum, leading to its

controversy as a diagnosis.
Genetic Variance

» Some individuals with ADHD possess DAT and/or DRD, variants and decreased levels of
D,/Dj receptors. This makes them effectively less receptive to dopamine signals.
» Some studies have found differences in brain structure in the left frontal cortex and
regions responsible for long-term memory.
» Some potential, not yet clinically validated biomarkers are:

* Phenethylamine levels in urine

* Platelet levels of MAO

* Zinc and lron levels.
Prenatal Stress in Mothers
* A variety of neurodevelopmental and behavioral phenotypes may be associated with
prenatal stress, including ADHD.
* Individual fetuses may respond differently to prenatal stress hormones. Some may show
no effect based on their genetic composition.
» Some researchers theorize that this could be an evolutionary mechanism to make
offspring better prepared for the environment they are enetering by responding to the
mother's signaling.
Evolution and ADHD
* Many theories exist based around the idea that ADHD gave a selective advantage to
either individuals or groups with individuals who were more vigilant, more risk taking, more
exploratory, more energetic, or more impulsive.
» Some speculate that it may have been an individual disadvantage, but an advantge to the
group.
» The most culturally popular is the "Hunter vs. Farmer Hypothesis" first suggested by
Thom Hartmann in his book Attention Deficit Disorder: a Different Perspective. Thom
Hartmann is a political commentator and his book was not a scientific work. Nevertheless, it
postulated a theory that some researchers have adopted.

* The idea is that Hunters had to be vigilant and hyperfocused on their environment to
catch prey and not become prey. When humans became farmers this was no longer an
advantage in a sedentary society and became a maladaption that some humans still have

today. The Lancet Psychiatry 2018 5, 727-738
JAMA 2009, 302, 1084-1091
Nature Reviews: Neuroscience 2008, 9, 957-964
J. of Child Psychology and Psychiatry 2011, 356-367
Current Opinion in Genetics and Development 2007, 17, 234-238
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Performance Enhancing Effects?

 Evidence shows that Amphetamine stimulants can have positive effects on Physical

Performance.
* Increase in physical strength
» Decrease in muscle fatigue
* Increase in endurance
» Decreased reaction time
* Increased alertness and focus
* Increased acceleration

» Because of these performance effects and thier dangerous side effects, most
professional and collegiate sports have banned amphetamines.
* In addition to thier positive effects, there are several side effects which can hurt

performance

» Decreased heat tolerance (disrupts thermoregulation leading to increased core

temperature).

* Increased risk of cardiac arrhythmias, dyskinesia, seizures, hallucinations.
« If too much is taken it can negatively impact focus, reaction time , and decision
making. These negative effects can prove fatal under physical exertion.

Cognitive Enhancers: A Limitless Pill?

» Research is inconclusive on the impact of phenethylamines on short and long term
memory and focus in healthy individuals. Meta-studies find evidence of bias in the

results and draw inconclusive conclusions.

* Results are highly dose dependent on an individual level. High doses hinder

performance broadly.

» Modafinil has gained attention recently as a safer amphetamine with potentially
small cognitive enhancing effects. However, this has yet to be proven.
* Amphetamine (Adderall) and Ritalin (Methylphenidate) are frequently employed as

study drugs by college and high school students.

* Between 5 and 35% of students college students use phenethylamines illegally.
» Between 3 and 10% of grade school students use phenethylamines illegally.
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Addict. Behav. 2017 245-249
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Pharmacol. Rev. 2014 193-221

Use to Fight Fatigue

* Amphetamines have been used historically and contemporarily to fight fatigue in
militaries (particularly in aviation), long-haul trucking, oil rigs, med. residency, etc.
» While controversy exists in the literature on the extent to
which phenethylamines have been used in the military, clear
documentation of their widespread useage in WWII exists.

» Recently, Modafinil has been gaining attention and useage
by militaries around the world, US included.

» They are most often used in aviation for long bombing
missions. Although, they are also used in long ground
misasions, particularly in the special forces.

———e

Methamphetamine issued by
the Nazi's in WWII.
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A NOVEL OF U

Jacobson's "miracle tissue regenerator” shots, consisted of
amphetamines, animal hormones, bone marrow, enzymes,
human placenta, painkillers, steroids, and multivitamins.
Although, he had many important and famous clients, his
most famous was JFK who recieved his "miracle tissue
regenerator" shot on over 30 occasions.

"l don't care if it's horse piss! It's the only thing that works."
- JFK
Aviat Space Environ Med. 2004 75 9, 777-784.
Psychopharmacology 2000, 150, 272-282
Labor: Studies in Working-Class History of the
Americas. 2014, 11, 63-90 DO/ 10.1215/15476715-2801097

J. Interdisciplinary His.. 2011, 205-233 Max Jacobsen
Bulletin of Anesthesia History. April 2011, 21-32 (Dr. Feelgood)
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Disclaimer:

The following information was legally obtained under the First Amendment
of the US Constitution. HOWEVER, attempting to act on this information
through the purchasing of precursor chemicals with intent to manufacture,
synthesis of controlled substances or their derivatives, and consumption of
these chemicals are all felony crimes and should not be committed.
ADDITIONALLY, many of these chemicals are highly reactive and many of
the portrayed chemical reactions produce dangerous gases and other
byproducts. These reactions should NOT be attempted for safety reasons.
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