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What is methamphetamine?
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Methamphetamine history and structure

A psychostimulant (phenylethylamine)

Phenylethylamine
* First known synthesis in late 1800s

e First crystallized in 1919

Amphetamine

* FDA approved for attention deficit
hyperactivity disorder (ADHD) in age
>6 years old

Methamphetamine
e Schedulell by FDA since 1971

https://pubchem.ncbi.nlm.nih.gov/comp
ound/10836#section=3D-Conformer

Jayanthi S, Daiwile AP, Cadet JL. Neurotoxicity of methamphetamine: Main effects and mechanisms. Exp Neurol.

2021 Oct;344:113795. _" HEALTH SCIENCE CENTER.



Forms of methamphetamine

https://www.drugs.com/image/desoxyn-images.html

Crystal methamphetamine is a form of the drug that looks like glass fragments or shiny, bluish-white
F@ﬁkﬂjida.nih.gov/publications/drugfacts/methamphetamine
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Description and street names

Common street names for methamphetamine

Batu Poor Man’s Cocaine
1/ . Bikers Coff Shabu, Shard
N/DA Meth(]mphet(]mlne BIaiLSBegue’:ciees SpZed o
IS a pOWEfo/, hlgh/y EE?CHI:en Feed 1S'Ji[r?;/e or
addictive stimulant that o Trosh,
affects the central nervous G Uppers
P Go-Fast Ventana
SyStem Hiropon Vidrio
Ice Yaba
Meth Yellow Bam
Methlies Quick
DEA.gov

https://nida.nih.gov/publications/drugfacts/methamphetamine B ' \ HE A LT H S C I E N C E C E N TE R




Methamphetamine purity has remained
high while potency has gradually increased
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—&— Potency| 94.0%  89.0% | 86.7% | 88.9% | 90.2% | 92.1% | 92.1% | 94.6% | 96.9% | 95.6% | 97.5%

Source: DEA Methamphetamine Profiling Program

2020 National Drug Threat Assessment (NDTA) (dea.gov)
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Methamphetamine mechanisms of
action
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Methamphetamine mechanisms of action

Synaptic actions

Normal ) .
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. . . .
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Kish S. J. (2008). Pharmacologic mechanisms of crystal meth. CMAJ : Canadian Medical Association journal = journal = | HEALTH SCIENCE CENTER

de I'Association medicale canadienne, 178(13), 1679-1682.



Methamphetamine use disorder results from
reinforcement effects at the ventral striatum

Dopamine pathways

Cerebral
cortex

Caudate
Putamen

Nucleus accumbens
(ventral striatum)

Mesolimbic
pathway

27~ Cerebellum
Pons \\/\ To spinal
Medulla cord

Substantia nigra and
ventral tegmental area

ICE 5e, Figure 6.11 (Part 1)
Inc.

Substantia nigra

Ventral tegmental
area

NEUROSCIENCE 5e, Figure 29.10 (Part 2)
S, 2

© 2012 Sinauer Associates, Inc
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Methamphetamine toxicity
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Methamphetamine causes neurotoxicity

Neurotoxic pathways

wicrogt e Oxidative stress pathway

* Neurotoxicity/excitotoxicity

* Neuroinflammatory pathway

Postsynaptic terminal

Paulus, M. P, & Stewart, J. L. (2020). Neurobiology, Clinical Presentation, and Treatment of Methamphetamine Use Ur HEALTH SCIENCE CENTER

Disorder: A Review. JAMA psychiatry, 77(9), 959-966.



Methamphetamine causes neurotoxicity

DA terminals

DA Terminal )

Degeneration
6-OHDA
DA—> DA metaboli :
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Excitotoxicity

Mitochondrial stress

Caspase Cascade

Neuronal autophagy

Glutamate
terminals

GABA
neurons

Apoptosis of Intrinsic
Striatal Neurons

Jayanthi S, Daiwile AP, Cadet JL. Neurotoxicity of methamphetamine: Main effects and mechanisms. wr HEALTH SCIENCE CENTER

Exp Neurol. 2021 Oct;344:113795.



Dopaminergic alterations in stimulant users

VMAT 2
A Recent abstinence®

v Dopamine synthesis?

\7 Prolonged abstinence® \7 Dopamine transporterd

/ v Dopamine

release®

?v D2/D3 Receptor

ityf
dE“Slty Methamphetamine-Induced Degeneration of
Dopaminergic Neurons Involves Autophagy
and Upregulation of Dopamine Synthesis
Journal of Neuroscience 15 October
2002, 22 (20) 8951-8960.

Ashok, A. H., Mizuno, Y., Volkow, N. D., & Howes, O. D. (2017). Association of Stimulant Use With Dopaminergic Alterations in Users of
9" HEALTH SCIENCE CENTER.

Cocaine, Amphetamine, or Methamphetamine: A Systematic Review and Meta-analysis.JAMA psychiatry, 74(5), 511-519.



Origins of US methamphetamine
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US domestic amphetamine production has
declined since 2010

Figure 14. Number of Domestic Methamphetamine
Laboratory Incidents, 2000 - 2019
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Methamphetamine seizures at the Southwest
Border are increasing

2020 National Drug Threat Assessment (NDTA) (dea.gov)
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Figure 16. U.S. Customs and Border Protection Southwest Border
Methamphetamine Seizures, 2013 - 2019
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Most US methamphetamine is synthesized in
Mexico using precursors from China and India

P /(\\\“\/
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- ‘/ lu\/j / o 4 AR Domestic
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2020 National Drug Threat Assessment (NDTA) (dea.gov)




Methamphetamine Use Disorder
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Criteria for substance use disorder include 2 or more of the

M et h a m p h eta m i n e u S e symptoms below resulting from substance use that cause
impairment or distress within a 12-month period.

d o d o I 'f- d Domain Symptom/Behavior

Isor er IS C aSSI Ie aS Using more than planned

I f |/inabili d

a Stl m u I a nt u Se mosired control Loss of control/inability to cut down

. . A great deal of time is spent with the substance
disorder in the DSM-5

Craving

Interference with role

.Soua.l Continued use despite consequences
Impairment
Giving up other activities
bp3.. Using substance when physically dangerous

’ﬂv Risky use

Continued use in the presence of a physical or
psychological problem

Il"s?ychiafr

Michael J. Murphy

Tolerance

Pharmacological
Withdrawal

100 USMLE styfe questions winh full explasations

5. Wolters Kluwer
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Stimulant use disorder
Specifyif:

*In early remission: After full criteria for stimulant use disorder were previously met, none of
the criteria for stimulant use disorder have been met for at least 3 months but for less than
12 months (with the exception that Criterion A4, “Craving, or a strong desire or urge to use
the stimulant,” may be met).

*|n sustained remission: After full criteria for stimulant use disorder were previously met,
none of the criteria for stimulant use disorder have been met at any time during a period of
12 months or longer (with the exception that Criterion A4, “Craving, or a strong desire or
urge to use the stimulant,” may be met).

Specifyif:

*In a controlled environment: This additional specifier is used if the individual is in an
environment where access to stimulants is restricted.

American Psychiatric Association. (2022). Diagnostic and statistical manual of mental = |
disorders (5th ed., text rev.) HEALTH SCIENCE CENTER.



Stimulant Use Disorder

*Mild: Presence of 2—3 symptoms
*Moderate: Presence of 4-5 symptoms

*Severe: Presence of 6 or more symptoms

*Amphetamine-type substance
*Cocaine

*Other or unspecified stimulant

American Psychiatric Association. (2022). Diagnostic and statistical manual of mental Ur HEALTH SCIENCE CENTER.

disorders (5th ed., text rev.)



Methamphetamine use and
overdose
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Methamphetamine is used in a variety of ways

Use and Their Risks

Methods of use

. Ingestion via pill form
* Smoking
Injection; puts user at

* Snorting risk for HIV, hepatitis C,
and hepatitis B

* Injection ™

e QOral

Smoking via meth pipe;
can result in corroded

teeth and gums
Snorting; risking damage

verywellmind.com/ “8" HEALTH SCIENCE CENTER.




2 million people in the US and 30 million
worldwide use methamphetamine
@unoee .

GLOBAL ESTIMATES OF THE NUMBERS OF DRUG USERS
IN MILLIONS (2020)

SAMHSA: 500 Cannabis Opioids Amphetamines Cocaine “Ecstasy”
people each
day try meth
for the first
time. & .
21 20
(37 78) (29 41) (18-26) (9-36)

https://www.samhsa.gov/meth HEALTH SC IENCE CENTER



Rates of use of methamphetamines and all drugs
have been declining in US school age groups

Methamphetamines: Trends in Lifetime Prevalence of Use in Grades 8, 10, and 12

U.S. Students Reporting Any Past-Year lllicit Drug Use*
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Over 100,000 people in the US died from overdose
of any drug in the past 12 months

Figure 1a. 12 Month-ending Provisional Counts of Drug Overdose Deaths: United States
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Most overdose deaths are due to opioids but psychostimulant
overdose deaths, mostly methamphetamine, are increasing

Figure 2. 12 Month-ending Provisional Number of Drug Overdose Deaths by Drug or Drug Class:
United States
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About half of psychostimulant overdose deaths
involve opioids, often fentanyl
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Overdose deaths to any drug rose 7% in Tennessee

Figure 1b. Percent Change in Reported 12 Month-ending Count of Drug Overdose Deaths, by Jurisdiction: April 2021 to
April 2022

New York City

District of Columbia

Tennessee
Reported Cases, April 2022: 3,771
Reported Cases, April 2021: 3,514
Percent Change: 7.31%
*Underreported due to incomplete data.

~

Legend for Percent Change in Drug Overdose Deaths Between 12-Month Ending Periods

3080 | T e e e 43.8

https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm HEALTH SCIENCE CENTER



Psychostimulant deaths have been increasing in

Tennessee Age-Adjusted Rates for Stimulant
Overdose Deaths in TN, 2015-2019

=@=(Cocaine

TN Department of

0 Pscyhostimulants
(including methamphetamine)

Health

Analysis by the Office of
Informatics and Analytics, TDH
(last updated November 12,
2020). Limited to TN residents.

Data Source: TN Death
Statistical File.

Age-Adjusted Rate Per 100,000 Residents

2015 2016 2017 2018 2019
Year

https://www.tn.gov/content/dam/tn/health/documents/pdo/2021%20TN%20Annual%200ver

dose%20Report. pf 19" HEALTH SCIENCE CENTER.



Stimulants, including methamphetamine, are the second
most common cause of overdose death in Tennessee

Major Drug Classes Involved in SUDORS
Drug Overdose Deaths in TN, 2019 (n= 1,475)*

TN Department of

Health

Percent of Cases

alcohol antidepressant
Substance Class

https://www.tn.gov/content/dam/tn/health/documents/pdo/2021%20TN%20Annual%200verdose%2 0Report.pdf ‘ I HEALTH SCIENCE CENTER.



What are the consequences of
methamphetamine use?
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Effects of methamphetamine use
IMMEDIATE LONG TERM

* Feeling of euphoria (a *high’)
* Increased energy

* Aggresive behaviour

* Headaches * Dependence

* Insomnia * Depression

* Anxiety and panic attacks * Paranoia and psychosis
* Coma (overdose) * Stroke

* A‘comedown’

* Dental problems

* Teeth grinding
* Jaw clenching

),

| s
* Enlarged pupils

* Blurred vision * Heart, tidney and lung

* Dizziness problems
* Malnutrition and
* Increased heart rate and exhaustion
blood pressure * If injected there is an
Rusk County Sheriffs Office Drug Unit increased risk of
« Nausea infections like Hepatitis
*Yomiting Cand HIV
* Stomach cramps Rusk County Sheriffs Office Drug Unit
» Reduced appetite * Early-onset

Parkinson’s Disease

https://positivechoices.org.au/teachers/methamphetamine-factsheet Ur HEALTH SCIENCE CENTER.



Dopamine reuptake transporters (DAT) are reduced
in abstinent methamphetamine users

Methamphetamine Parkinson’s disease

r'S

— - e
0 [""C]WIN35,428 BP 7.5

METH avg. exposure: mean (range)

Number of exposures 1262 (60-3285)
Duration of use (years) 5.56 (0.42-12)
Frequency of use: exposures per month 21.10 (2.08-41.67)
Usual dose (g) 0.5 (0.25-1)

Maximum dose (g) 1.71 (0.5-5)

Time since last use (months) 77.43 = 102.21 (8-300)

McCann, U. D., Kuwabara, H., Kumar, A., Palermo, M., Abbey, R., Brasic,J., Ye, W., Alexander, M., Dannals,R.F., Wong, D. F., & Ricaurte, G. A. Ur HEALTH SCIENCE CENTER

(2008). Persistentcognitiveand dopamine transporter deficits in abstinent methamphetamine users. Synapse (New York, N.Y.), 62(2), 91-100.



Methamphetamine users have altered brain structure and
function

% deficit

pgACC

igACC /‘?/

t values

Berman, S., O'Neill, J., Fears, S., Bartzokis, G., & London, E. D. (2008). Abuse of amphetamines and structural Ur HEALTH SCIENCE CENTER

abnormalities in the brain. Annals of the New York Academy of Sciences, 1141, 195—-220.



Brain gray matter in abstinent methamphetamine users

JAX‘“ 1
» . a.
- Wl

7ond \ ‘:\\
\

N

“Increased cortical thickness in meth users | Apstinence + correlated thickness| Abstinence - correlated thickness

| *:{‘Na Y J_ A ’&“\% —=
LR A 8 A \z—\l/

/'/.
S

.-‘,.\'\ \

Lower GM volumein Abstinence + correlated GM volume
meth users p<0.05 p < 0.001 Abstinence - correlated GM

User>control or positive correlation 1 volume
User<control or negative correlation

Nie et al. Gray-matter structure in long-term abstinent methamphetamine users. BMC Psychiatry Ur HEALTH SCIENCE CENTER

(2020) 20:158



Methamphetamine users have persistently
impaired cognition

Impaired Domains
* Learning efficiency
* Visual-spatial processing
e Comprehension knowledge
* Retrieval fluency
* Processing speed

e Psychomotor speed

o | m p u |S|V|ty https://health.harvard.edu

Paulus, M. P, & Stewart, J. L. (2020). Neurobiology, Clinical Presentation, and Treatment of Methamphetamine Use HEALTH SCIENCE CEN TER

Disorder: A Review. JAMA psychiatry, 77(9), 959—966.




How do we treat
methamphetamine use disorder?
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Treating methamphetamine use disorder

* No FDAapproved pharmacotherapies
-some unapproved medications hold promise

* Psychotherapiesand behavioralinterventions have

the best-established efficacy
-contingency management may be most effective

* Transcranial Magnetic Stimulation (TMS) has shown
some promise

"9 HEALTH SCIENCE CENTER.




Mostly failed trials for multiple drug classes

No clear effects on abstinence

Bupropion monotherapy Naltrexone monotherapy
Sertraline Ondansetron
Atomoxetine Varenicline

Imipramine Riluzole

Aripiprazole N-acetyl cysteine
Gabapentin PROMETA (flumazenil,
Modafinil gabapentin, hydroxyzine)
Baclofen

Siefried KJ, Acheson LS, Lintzeris N, Ezard N. Pharmacological Treatment of Methamphetamine/Amphetamine | ‘ HEALTH SCIENCE CENTER

Dependence: A Systematic Review. CNS Drugs. 2020 Apr;34(4):337-365




Pharmacological treatment

Dopamine agonist medications/psychostimulants

Dextroamphetamine SR —effective at reducing craving and
some withdrawal symptoms. No effect on use.

Methylphenidate—no effect on use. May improve
retention Iin treatment.

Siefried KJ, Acheson LS, Lintzeris N, Ezard N. Pharmacological Treatment of Methamphetamine/Amphetamine |4 HEALTH SCIENCE CENTER

Dependence: A Systematic Review. CNS Drugs. 2020 Apr;34(4):337-365




Dextroamphetamine SR in methamphetamine use
d i S O rd e r Amphetamine Withdrawal Questionnaire scores by time

and group
05 - Proportions of methamphetamine-negative urine 17 - -
samples by time and group 16 -
@ 04 -
E_ o 15~
3 8
% 03 = % 14 - Condition
.§ <§ -8 Placebo
2 02 £ " -A. d-AMP
g 2
a 12 =
0.1 =
11 = ==
[ [ 1 | ; | [ [ == 1 !
0 2 4 6 8 0 2 4 6 8
Week Week
Interventions
50 =
H L 45 - 1
Metf‘am?hetam'“e 8 Condtion * 60 mg dextroamphetamine
craving visual g - i Ploosho SR daily x 8 weeks
analog scale scores G s5- -a. d-AMP

by time and group 30 - .
* 50 minutes of

psychotherapy/week both
groups

Galloway GP, et al. A randomized, placebo-controlled trial of sustained-release dextroamphetamine for treatment of HEALTH SCIENCE CENTER

methamphetamine addiction. Clin Pharmacol Ther. 2011 Feb;89(2):276-82.



Pharmacological treatment

Mirtazapine

Mirtazapine Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
) Coffin et al 2019 25 38 32 41 76.8% 0.84[0.64, 1.12] —
Meta-analysis of two  colfax etal 2011 12 27 17 27 23.2% 0.71[0.42, 1.18] e
trials suggest slight Total (95% CI) 65 68 100.0% 0.81[0.63, 1.03] -
: H H Total events 37 49
efflcacy In FEdUCIHg Heterogeneity: Chi* = 0.36, df = 1 (P = 0.55); I’ = 0% 052 055 1 i é

positive urine at 12 Test for overall effect: Z = 1.69 (P = 0.09)

Favours mirtazapine Favours placebo

weeks.

Fig. 2. : Forest plot and meta-analysis of

reduction in methamphetamine positive urine toxicology screens at 12 weeks.

No effects on

Mirtazapine Placebo Risk Ratio Risk Ratio
retention in Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Coffin et al 2019 49 60 48 60 37.6% 1.02(0.86, 1.22]
treatment or Colfax et al 2011 28 30 28 30 62.4% 1.00[0.87, 1.14]
depression. Total (95% Cl) 90 90 100.0% 1.01[0.91, 1.12]
Total events 1§ 4 76

Heterogeneity: Chi’ = 0.03, df = 1 (P = 0.85); I’ = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

0.7 085 1 1.2 1.5
Favours placebo Favours mirtazapine

Fig. 3. : Forest plot and meta-analysis of

retention in treatment at 12 weeks.

Mirtazapine for the treatment of amphetamine and methamphetamine use disorder: A systematic review and
meta-analysis. Drug and Alcohol Dependence, Volume 232, 2022.

“SF" HEALTH SCIENCE CENTER.



Pharmacological treatment

A Responses
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Psychological and behavioral treatments

Contingency management (CM) has the greatest effect

-decreased methamphetamine use, improved treatment
retention, decreased psychiatric symptoms, less risky sexual
behavior. Unclear duration of effect.

Cognitive behavioral therapy (CBT)
-likely less effective than CM. Decreases use, craving, and relapse.

Moszczynska A. (2021). Current and Emerging Treatments for Methamphetamine Use Disorder. Current ‘ : HEALTH SCIENCE CENTER

neuropharmacology, 19(12), 2077-2091.




Psychological and behavioral treatments

Matrix model

-incorporates CM, CBT, 12-step programs, motivational interviewing
-leads to reduced methamphetamine use, higher abstinence,
reduced craving

reSET mobile app (Prescription Digital Therapeutic)

-FDA approved for 90-day app-based CBT delivery in conjunction with

contingency management
-reduces methamphetamine use and craving

Moszczynska A. (2021). Current and Emerging Treatments for Methamphetamine Use Disorder. Current E HEALTH SCIENCE CENTER

neuropharmacology, 19(12), 2077-2091.




Psychological and behavioral treatments

Avery McKinley

~£ 100% -

HERAPEUTICS

Prescriptions

Matthew Wilson 12 Lessons Completed (Goal: 4 lessons/week) Last Clinic Visit: Jan 26, 2018
73 DOB: May 1, 1990 . Patient must be seen every 30 days for
1 ™ D?g 90-day Presl(riptinn DArs continued access to in-app rewards.
Weekly Lessons 5 days left | . Started: Jan 18, 2018
Treatment Week

l : Overview Lessons Rewards Calendar

Average intensity #of cravings
this week. this week

CURRENT LESSON
Conducting a Functional Analysis Craving Intensity @ Craving Triggers

CONTINUE LESSON
DATE RANGE

TRACK YOUR RECOVERY
Record recent cravings, triggers, or substance use.

( CHECK IN >

https://peartherapeutics.com/products/reset-reset-o/




Current US clinical trials for methamphetamine
use disorder

* TMS—targeting craving * Laser acupuncture

* |budilast—targeting brain e Contingency management
inflammation and impact on « Acceptance and Commitment
decision making Therapy (ACT)

* Monthly injectable + IXT-m200—anti meth

buprenorphine monoclonal antibody

* Progesterone in post-partum
women to prevent return to use
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Summary

Methamphetamine
e Used widely

* |s neurotoxic, especially to monoamine neurons
* Has cardiac and vascular toxicity
e Second highest cause of drug overdose deaths

* |s associated with structural brain change

* |s associated with psychiatricillness and cognitive impairments
* No established pharmacological treatments

e Contingency management and CBT show the best treatment effects
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Thanks!




