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Overview

* Of Mice and Men
* Rocky Mountain High
e Better Living Through Chemistry




Methamphetamine Abuse in
Adolescents: Susceptibility or
Resilience?

“The abuse of MA is a serious public health
problem because MA can cause persistent

dopaminergic deficits in the brains of both
animal models and humans. Surprisingly,
adolescent PND4O0 rats are resistant to these
MA-induced deficits whereas young adult
PND90 rats are not.” Volz et al., Synapse,
2000.




Effects of Exposure of Methamphetamine on the Adolescent Brain (I)

Study Subjects

31 Adolescent methamphetamine users vs. 31 healthy adolescents
40 Adolescent methamphetamine users vs. 40 healthy adults

Table. Demographic and Clinical Characteristics of Study Participants *

Adolescent group Adult group

Methamphetamine Control Methamphetamine
users subjects P valuet j P valuet
Characteristics
Demographics
Age—yr
Mean 18.1£1.5 18.1£1.4 A 41.8%6.2 42.1+6.0
Range 15.4t0 19.9 15.5t0 19.9 34.3 to 57.9 34.4 to 57.1
Male sex— no. (%) 22 (71.0) 22 (71.0) 34 (85.0) 34 (85.0)
Education —yr 10.6%1.9 11.5%1.2 X 11.5£1.9 14.612.1
Right handedness — no. (%) 23 (90.3) 25 (80.7) 39 (97.5) 35 (87.5)
Smoking—no. (%)
Current smoker 30 (96.8) 7 (22.¢) 37 (92.5) 16 (40.0)
Former smoker 0 (0.0) 0 (0.0) 0 (0.0) 10 (25.0)
Never smoked 1(3.2) 24 (77.4) 3 (7.5) 14 (35.0)
Abbreviations: yr, year: NA, not applicable.
* Plus-minus values are meantstandard deviation.
T P values are calculated by Student's t-test for continuous variables and Chi-Square tests or Fisher's exact tests for categorical variables.




Effects of Exposure of Methamphetamine on the Adolescent Brain (Il)

Methamphetamine use history of subjects
13 early-onset vs. 18 late-onset adolescent users vs. 40 adult users
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Dose of MA (g)

In general, adult users have taken higher lifetime
cumulative dose of methamphetamine.




Effects of Exposure of Methamphetamine on the Adolescent Brain (lll)

Gray matter alterations in adolescent and adult methamphetamine users

Thinner in MA abusers
t>3.0

t>15
\

t=0.0

4 t<-1.5

@'/ Thicker in MA abusers




Effects of Exposure of Methamphetamine on the Adolescent Brain (1V)

Orbitofrontal/Dorsolateral prefrontal/Motor/Temporal cortices
(G

B Thickness reduction in adolescent abusers
I Overiapped regions of thinning
P Thickness reduction in adult abusers

y=40 3 y=a5 a =

Similar regional patterns of
methamphetamine use-related
cortical thickness reductions

between adolescent and adult
users




Effects of Exposure of Methamphetamine on the Adolescent Brain (V)

Adolescent abusers Adult abusers
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Global thickenss reductions (z scores)

200 400 0 200 400 600 800 1000 1200 1400
Lifetime cumulative methamphetamine dose (grams)

@ Early onset adolescent abusers

O Late onset adolescent abusers

Larger dose-dependent effects of cumulative methamphetamine doses were
observed in adolescent users. Gray matter thickness reductions were therefore
similar between adult and adolescent user groups, despite a greater amount of

methamphetamine use in adult users.




Effects of Exposure of Methamphetamine on the Adolescent Brain (VI)

White matter alterations in adolescent and adult methamphetamine users

I Clusters of FA reduction in adolescent users relative to adolescent controls at corrected P < 0.05

y=-10 = y=0 y=-10

Mean FA skeleton of the adult group

Corrected P values

Lower FA values in methamphetamine abusers
P<0.1 P<0.05 P<0.001




Effects of Exposure of Methamphetamine on the Adolescent Brain (VII)
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Global white matter Frontostriatal tracts

The extent of FA reduction in white matter in adolescent users was greater than that
observed in adult users. The early adolescence-onset group had greater FA reduction
in whole-brain white matter and the frontostriatal tract ROl than the late
adolescence-onset group although there were no differences in current age or
cumulative dosage of methamphetamine between groups




Effects of Exposure of Methamphetamine on the Adolescent Brain (11X)

Age

Childhood

12
13

Early Adolescence
(14-15 years)

Late Adolescence
(16-18 years)

Early Adulthood

19

20

A\ 4

Normal Brain
Developmental Trajectory

Overproduction of axons and synapse
Parietal Lobe

Overproduction of éxons and synapse
Frontal Lobe

Prunning.

Overproduction of axons and synapse
Temporal Lobe

Prunning

Prunning

How does
the teenage

» brain work?

Our findings highlight that the
adolescent brain, which undergoes
active myelination and
maturation, is much more vulnerable to
methamphetamine-induced
neurotoxicity than
the adult brain. This may help explain
why
adolescent-onset methamphetamine
users have a more severe and chronic
clinical course than adult-onset users.




Implications and Next Steps

1. Preclinical neurotoxicology research
needs to be informed by clinical studies,
despite their inherent limitations and
complexity.

2. Prevention and early treatment efforts
are likely to be of critical importance.

3. Efforts aimed at neuroprotection/
resiliency may be important for treatment.
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Citicoline | .

= A natural product and nutritional supplement
= Mechanism

= Activates the biosynthesis of phospholipids in neuronal

membranes (conveys neuroprotection by scavenging toxic
lipid breakdown products)

= Increases norepinephrine and dopamine levels in the
central nervous system presumably by increasing the
activity of tyrosine hydroxylase (Secades, 2006)

= Already has shown significant efficacy in treating a number of
central nervous system disorders including

= Parkinson's disease, head injury, cerebral infarction and vascular
dementia




Citicoline

HO

Significantly decreased urge for cocaine in a group
of cocaine dependent subjects following 2 weeks of
citicoline relative to placebo. (Renshaw, 1999)

Cardiovascular safety of combine citicoline and
cocaine administration. (Lukas, 2001)

Established safety in pediatric populations.

Tends to decrease MA use and, importantly, to
increase frontal lobe NAA levels (Yoon, Lyoo,
Renshaw, 2010, next slide).




Citicoline Treatment of
Methamphetamine Dependence

(Study 1 of 2; N = 31)

A. Percen! of Negative Urine Scrren B. Abstinence Rala (Binary test resuts of uring screen) €. Total Number of Postive Urine Screen of Compeleters D Increased NAA in citicoling group relative fo placebo
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Study 2 of 2: METH (urine, self report) and
cocaine (N =52)
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Gray matter volume deficits related METH dependence.)

44 METH-dependent subjects vs. 27 healthy subjects.)




Potential treatment targets for craving .’

Left DLPFC region of METH effects

r=-0.34, p=0.071
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Baseline left DLPFC gray matter density

036 040 044 048 0.52 0.6

29 METH -dependent subjects
with group therapy either with placebo or citicoline treatment )

Less METH-related DLPFC volume deficits predict craving improvement.)




Citicoline treatment effects on left DLPFC gray matter volume )

Citicoline by control interaction effects

Macebo  Chiccline Cantral Placebo  Gricoline Control
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Citicoline by placebo interaction effects
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Rocky Mountain High?
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Utah has the highest “Depression Index” of all the
U.S. States, based on 4 combined criteria

Adults With At Least One Major Depressive Episode Adolescents With At Least One Major Depressive Episode
(Percentage, 2004-2005) (Percentage, 2004-2005)
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(Ranking America’s Mental Health, 2007)




Established Theory #1
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Off the Deep End?

Source: www.images.com




Age-Adjusted Suicide Rate vs.
Mean Elevation of Each U.S. County

Suicide Rate

I I I
1000 2000 3000
Elevation (m)

® County Fitted Line

Source: Kim et al., American Journal of Psychiatry (2011) January;168(1):49-54
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Altitude, Barometric Pressure,

Air Pressure and Oxygen Tension
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Barometric pressure (mm Hg)
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Mount — 9000

Everest

Mexico
City

Mean seq I I R
ovel 80 60 40

Air (and O,) pressure
{% of that at sea level)

Clarke C. Postgraduate Medical Journal 2006; 82(973):748-753



Altitude Conversion for Barometric Pressure, Partial Pressure of
Oxygen, and the Equivalent Oxygen Concentration at Sea Level

\ 2

Decrease
In FiO,

Equivalent O,
Concentration at
Sea Level (FiO,)

Altitude Altitude Barometric | Partial Pressure
(Meters) (Feet) Pressure (Pg) | of Oxygen (PiO,)

Sea Level | Sea Level

1,000 3,281

1219 | (4,000 )

1,500 4,921

1,924 5,000

1,829 6,000
2,000 6,562
2,134 7,000

2,438 8,000

8,839 29,000

Auerbach PS, Wilderness Medicine 5t Edition (2007)




Hypobaric hypoxia
modulates brain biogenic
amines and disturbs sleep
architecture.

Ray et al. Neurochemistry
International (2011)
January; 58(1):112-8

Nauarney msatoeut
[ ——
Neurochemistry International

Hypobaric hypoxia modulates brain biogenic amines and disturbs
sleep architecture
Koushik Ray, Arkadeb Dutta, Usha Panjwani*, Lalan Thakur, |P. Anand, Sanjeev Kumar
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Loosely speaking....

e Serotonin goes down and
* Dopamine goes up....

* But results depend on species, strain, sex,
altitude, length of exposure, etc...




Monoamine content in striatum of female rats after hypoxia exposure
(Mass Spec Analysis)

Serotonin (ng/mg) Dopamine (ng/mg)

4.5K (local conditions) 0.066+0.020 0.970£0.195
10K 0.088%£0.017 1.519+0.197#
20K 0.047+0.006* 0.882+0.237*

4.5K (local conditions) 0.075+0.018 1.152+0.323

10K 0.087+0.023 2.010£0.247#

#- p<0.1 comparatively to 4.5K group
*- p<0.1 comparatively to 10K group




Animal Studies Show that Hypobaric Hypoxia or Anoxia
Increase Dopamine Efflux & Extracellular DA in Brain

 Ray et al. Neurochem Int 2011; (58)1:112-8.

— Simulated 7,620 meters for 7 days (p < 0.01) or 14 days
(p < 0.05) both reduced frontal cortex DA in vivo.

* Gursoy et al. Neurochem Res 2008; 33(9):1838-44.

— DA release in striatal slices increased from 4 + 2 pmol/
mg protein (in normoxia) to 162 + 14 (in anoxia).

* Orset et al. Neurochem Int 2005; 46(8):623-33.

— Exposure to 10% O, induced a +80% increase in
striatal DA in vivo, which returned to baseline with
normoxia (~21% O,).




Sometimes More Dopamine is
Helpful: ADHD

Altitude




Why We Take Risks — It's
the Dopamine

Ken Fisher/ Ston ! Ge

TIME Health Tuesday, 12/30/08




U ta h N eWS = The Sult Lake Tribune

Salt Lake City

1s 6th most

dangerous place to drive in

U.S.

RS "

» Comments ( 206 )
» E-mail this story
» Printer-friendly version

Latest In Utah News

» Utah lawmaker: Help
schools, end tax breaks
for dependents

Posted 12 minutes ago

» Hational leaders look to
Utah for ways to improve
nutrition, physical health
Posted 1 hour ago

» Juror weeps upon
hearing more Warren
Jeffs sex tapes
Posted 1 hour ago

» Jordan School District
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in ‘new dawn’

Posted 3 hours ago

The Salt Lake Tribune
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First published &ug 03 2011 10:054M
Updated Aug 6, 2011 09:59PM

Salt Lake City is the nation’s sixth most dangerous place to drive, according
to statistics gathered by the National Highway Traffic Safety Administration.

Utah’s capital city recorded a traffic fatality rate of 16.51 per 100,000
population, based on zoog accident reports.

The most dangerous place to drive, according to a Wednesday data-mining
report by CHBC.com, was Fort Lauderdale, Fla., with a 22.30 fatality rate,
followed in order by Orlando, Fla., 19.95; Augusta-Rich County, Ga., 19.57;
Little Rock, Ark., 17.94; and San Bernardino, Calif., 17.12.

On the other end of the spectrum, CMBC.com reported that Arlington, Va.,
was the safest place to drive, based on a 0.48 traffic fatality per 100,000
population rate. In second place was Vancouver, Wash., 1.23; third was
Moreno Valley, Calif., 1.57; fourth Rochester, N.¥. , 1.93; and in fifth place,
Spokane, Wash., 1.98.

¥ Tweet 4 +1 [0 B Lke 507

Copyright 2011 The Salt Lake Tribune. Al rights reserved. This material may not be published,
broadcast. rewritten or redistributed.




Image from: cocagrowers.org




Cocaine: Mechanism of Action

== dopamine _ nerve terminal _ nerve terminal
== Ccocaine
degraded

monoamines

mitochondria =~ B i ochondin =

dopamin@

f: 'fxmpf ¢ i re-uptake
transporter synaptic transporter ™ o =«

synaptic =
cleft cleft _ ~

-
-
== S
dopamine_ T dopamine T
receptor —hd receptor Sl

© CNSforum:

Cocaine binds to dopamine re-uptake transporters on the pre-synaptic
membranes of dopamine neurons. This binding inhibits the removal of dopamine

from the Syha ptIC cleft Source: Lundbeck Institute




Cocaine, Altitude & Suicide

* Longstanding history of coca leaf use by high
mountain dwellers. Coca leaf use is
proportional to altitude in Peru.

* Coca is thought to reduce the symptoms of
Altitude Sickness (nausea, dizziness,
headache, fatigue).

* Cocaine use is highly associated with suicide,
more than alcohol or other drugs of abuse.




Cocaine Use in Past Year vs. Altitude of Residence

t=6.5725, df =323
p=1.985e-10

R=0.343574
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Analysis by Namkug Kim, Ph.D.
References: 1) Substance Abuse and Mental Health Services Administration, Office of Applied Statistics, 2008b. Substate substance abuse estimates
from the 1991-2001 National Surveys on Drug Use and Health. Rockville, MD. http://oas.samhsa.gov/substate2k5/SecD.htm. 2) National

Geospatial-Intelligence Agency and National Aeronautics and Space Administration, 2000. Shuttle Radar Topography Mission (STRM) Dataset.
United States Geological Survey, Souix Falls, SD.




Altitude and Methamphetamine
Use in the NSDUH 2002-05 (n ~ 70,000)

r = 0.663; p < 0.0001

2.0 2.5
Mean State Altitude (/log-transformed

Correlation between mean state altitude and 12-month self-reported methamphetamine use in the 48 contiguous
states and the District of Columbia (excludes Alaska and Hawaii).




This remains true

Only for MA abuse/dependence.

Even after correcting for: age, ethnicity,
education, socioeconomic status,
employment, MA laboratory seizures,
subpopulations, and other substance
abuse.




Methamphetamine in Suicide
Decedents

* Utah, 1996-2002, N =442, 9%

* New South Wales, 1997-2006, N = 1415, 4%
(M > F)

NVDRS, 2006, N=15,396, 4.7%
Kentucky, 1993-2002, N = 2,864, 1.2%
Mobile, AL, 1990-1998, N = 333, 1%
San Diego, CA, 1981-82, N=179, 2%




Implications?

1. Stimulant abuse is more prevalent at
higher altitudes.

2. This is likely related, at least in part, to
hypoxia related changes in dopamine
release.

3. Treatment strategies in mountainous
areas may need to take this into account.




Depression and
Methamphetamine

Commonly co-morbid

Difficult to treat; antidepressant rx linked to
relapse and manic switch

May be associated with craving and relapse

May be differentiated from
methamphetamine withdrawal symptoms

More common in women




Nutritional Supplement: Creatine?




Phosphocreatine (PCr) and the
Creatine Kinase (CK) Reaction

5 Nutrients that Enhance ATP
and Improve Cognition

= Glucose

" OXygen (e
= Pyruvate

= Creatine <
= | -Carnitine

Ventura-Clapier et al. Cardiovascular
Research 2008;79(2):208-217. Owen et al. Nutrients 2011;3(8):735-55.

CK
PCr?> + ADP3> + H* €= Cr + ATP#

Creatine
Phosphocreatine Adenosine Diphosphate Kinase Creatine Adenosine Triphosphate




Creatine and the brain...?

Currently being evaluated for
potential neuroprotective efficacy
(many positive preclinical studies).

NIH-sponsored clinical trials in
Huntington’s Disease, Parkinson’s
Disease, and Alzheimer’s Disease.




Does creatine have anything to do
with depression?




Z_G[ﬁ PCr/3 t;m::]ﬁ

Basaline PCr

0

Baseline PCr Levels in:

MDD Treatment Responders “Baseline PCr” Predicts Treatment Response

MDD Non-Responders - Sensitivity = 83%
- Specificity = 75%

Controls
Area under the ROC curve = 0.88

(losifescu et al., Biological Psychiatry 2008; 63:12)




Change in phosphocreatine [PCF) 1éVels in creatiné and placebo groups
19.0 .

Lyoo et al. (2003)

18.6

18.2

MRS of high-energy phosphate

18 T =l  metabolites in human brain

174 ' - following oral supplementation of
17.0 | creatine-monohydrate.

ik

- T angas tom baseine sl  Psychiatry Research 123: 87-100

(generalized estmation equation
coef=0.38, z=1.84, p=0.066) O Week2

Placebo (n=5) > Creatine (n=10)
Change injbeta-ATP levels in creatinefjand placebo groups A P C r

Ratio of PCr peak (x100)

15.8

Ratio of beta ATP peak (x7100)

Significant group difference
Higeling in changes from baseline -
Week 1 (generalized estimation eguaticn

Week 2 coef=-0.69, =2 23, p=0.026)

Placebo (n=5) Creatine (n=10 (Lyoo et al. Psychiatry Research: Neuroimaging 2003; 123)




Rats are not humans with affective illness

Carlezon et al




Chronic Creatine Supplementation Alters Depression-
Like Behavior in Rodents in a Sex-Dependent Manner

FEMALES

(Allen et al., 2010)




SSRI Augmentation in Adult Female Major Depression:
RCT of Creatine vs. Placebo added to Lexapro®

—l— Creatine group (n=23) —#— Creatine group (n=23)
—ml— Placebo group (n=25) —m— Placebo group (n=25)

HDRS scores

P<0.001
P<0.001

P<0.001 P<0.001

Treatment response
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Treatment .
remission

1 1 Il 1 1 1 1 Il 1 1 1
Baseline Week 1 Weelk 2 Week 4 Baseline Week 1 Week 2 Wieek 4

Study Week Study Week

[A] CLINICAL RESPONSE: Percent [B] CLINICAL REMISSION: Change in
decrease in Hamilton Depression HDRS scores from baseline to 8
Rating Scale scores (RESPONSE = {|50%) weeks (REMISSION < 7)

Source: Lyoo, Yoon, Kim and Renshaw, AJP, 2012.




Creatine for Female Adolescents with
SSRI-Resistant Major Depression’t

CHILDREN’S DEPRESSION RATING SCALE-REVISED (CDRS-R) SCORES: BASELINE TO 8 WEEKS

90

80

70
=4-=CDA001

60 == CDA002

-
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50 -
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=>¢=CDA004

40 ==i&=CDA005

CDRS-R Score

CDA006

30
CDA007

20

Baseline Week 0* Week 1 Week 2 Week 4 Week 6 Week 8** Week 10

STUDY WEEK *Start Creatine **Stop Creatine
Source: Kondo, Sung, Hellem, Fiedler, Shi, Jeong and Renshaw. J Affect Disord 2011; 135(1-3):354-61.

* Follow-on Creatine Adolescent Dose-Finding Study - Funded by NIMH 04/01/2012; Renshaw & Kondo [MH096858]




Gray Matter

© Gray Matter
—— p=0.005
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Age of Onset




Age Effects on Depression with
Altitude

Age Range

12-17

17-25

25+




How does this relate to
methamphetamine?




0 (ppm) -10

2D MRSI voxel placement and region of interest (frontal lobe)

 Two dimensional MRSI grid placement:
— (A) Sagittal view

— (B) Axial views. Dotted red line in the figure
shows frontal lobe region of interest.

— (C) A representative 3P spectrum is
displayed in frequency domain with 10 Hz
exponential filtering.
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Phosphocreatine

Comparison of frontal lobe phosphorus metabolites levels in methamphetamine (METH, n=51)
dependent subjects compared to healthy controls (HC, n=23). Phosphocreatine levels were
significantly reduced in METH users compared to HC (p<0.001). There were no significant differences
in B-NTP levels between the HC and METH groups. Error bars represent 95% confidence intervals.
TPP, total exchangeable phosphate pool (pi+PCr+a, B, y-ATP).




Comparison of gender difference in PCr levels.

(A) Méthamphetamine U'sers (é) Healthy Subject.s
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(A) In METH-dependent subjects,

(B) Healthy subjects did not show significant gender difference.




Magnetization Transfer: Beyond
Static Measurements




Creatine Kinase

Creatine kinase (CK)
— PCr2*+ ADP- ¢ Cr + ATP*

in
phosphocreatine-creatine (PCr-Cr) circuit for temporal and spatial
energy buffering.
Two cytosolic CK subunits including "B" (brain type) and
"M" (muscle type)

— Brain type-CK (CK-BB) is the major isoenzyme in brain.

Creatine
— Involved in bioenergetic homeostasis in human brain

— Creatine supplementation may activate CK to augment the energy
state of neurons and to increase mitochondrial energy production
(Saks, 2000).

— Should abnormal CK activity or flux is observed in METH users,
creatine supplementation may recover compromised CK system.




Chemical exchanges: y-ATP and PCr

ATP (Adenosine triphosphate )
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y‘hne kinase (CK)

PCr + ADP + H* &> ATP + Cr




31P-MT Spectroscopy

Frontal-striatal voxel placement

PME I=J?Cr a-ATP

y-ATP saturated spectra at -2.7 ppm (left)
and control spectra to compensate 'RF il'&‘p,lf’ﬂf’ | | eaTP
bleedover' at +2.7 ppm (right) VALY T i
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