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First Specific Drug Associated with Initiation of
Illicit Drug Use 2013

Stimulants, 2.7%
* Hallucinogens, 2.6%

Xﬁedatiws, 0.2%
Cocaine, 0.1%

2.8 million initiates of illicit drugs

National Survey on Drug Use & Health (NSDUH), 2013




Past-Month Use of Selected lllicit Drugs
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PAST MONTH MARIJUANA USE AMONG
PREGNANT AND NONPREGNANT WOMEN

Percent

—Pregnant

Nonpregnant
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Brown et al., JAMA 2017



PAST MONTH MARIJUANA USE AMONG
PREGNANT WOMEN BY AGE
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Volkow et al., Annals Int Med 2017



INCREASING POTENCY OF MARIJUANA

Potency of Seized Marijuana in the U.S.
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INCREASING POTENCY OF MARIJUANA

Potency of Seized Marijuana in the U.S.
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LEGALIZATION OF MARIJUANA

A look at marijuana laws in the U.S. O C

updated 12:34 PM ET, May &, 2014

Two states — Colorado and Washington — have legalized marijuana for recreational use. Nineteen other states and the District of Columbiz
legal use of marijuana, primarily for medicinal purposes.

States that: . Have legalized marijuana for recreational and medical use . Allow medical marijuana use Have initiatives on 2014 ballot
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cnn.com

Concerns grow about state’s medical marijuana
regulations

Massachusetts’ possession limit ranks third highest among 21
states and the District of Columbia Yet Al-l()ﬂler s;tate Wants TO
UPDATED  11:43 FM EOT May 08, 2014 wcvb.com Legallze Marl‘]uana

The Huffington Post | by Kim Bellware ¥ Follow
Posted: 04/25/2014 11:02 am EDT | Updated: 04/30/2014 5:59 pm EDT



INCREASING LEGALIZATION OF MARIJUANA

The States Where It's Legal To Smoke Marijuana

Laws on recreational and medical marijuana use in the US’

B Lesalized for recreational & medical use Medical use only

Legalized for .
recreational

& medical use

Washington
Washington D.C.
Oregon

Alaska

Colorado
California
Massachusetts
Nevada

Maine

aws in some states have not yet taken effect.
e states not highlighted allow limited medical marijuana access

@StatistaCharts '::-::-: NY Times Stat|5ta 5




INCREASING LEGALIZATION OF MARIJUANA

The States Where It's Legal To Smoke Marijuana

Laws on recreational and medical marijuana use in the US’

B Legalized for recreational & medical use Medical use only

Legalized .
recreational '

marijuana

Alaska

California

Colorado

District of Columbia
Maine
Massachusetts
Nevada

Oregon

Vermont
Washington

© @ *Asofjuly01,2018. Some states not highlighted allow limited medical marijuana access . -
@statistaCharts Sources: Business Insider StaﬂSta =




CHALLENGES IN STUDYING PRENATAL
MARIJUANA EXPOSURE

* Theoretical model

« Assessment of exposure
 Assessment of outcomes
* Assessment of covariates

« Evaluating prenatal vs. current environmental
iInfluences



CHALLENGES IN STUDYING PRENATAL
MARIJUANA EXPOSURE

 Theoretical model

« Assessment of exposure
 Assessment of outcomes
« Assessment of covariates

« Evaluating prenatal vs. current environmental
influences



HOW TO MEASURE DRUG USE?



PARAMETERS FOR MEASURING
SUBSTANCE USE

* Quantity
* Frequency
* Duration



HOW MUCH ALCOHOL IS IN A DRINK?

12 ozbeer = 5 o0zwine = shot of liquor

Each contains 0.5 oz of alcohol
NIAAA



WHAT IS MARIJUANA?

Cannabis Sativa plant

500+ compounds; 100+ cannabinoids

Main psychoactive ingredient is A9-
tetrahydrocannabinol (A9-THC)

Mechoulam & Hanus, 2000
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BLUNTS




CIGARS, CIGARILLOS




PIPES, BONGS




MARIJUANA WAX

Image courtesy of the Weed Street Journal
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MARIJUANA INTOXICATION

Initially, increase in arousal, excitement, vasodilation,
tachycardia, heightened senses

Later, euphoria, sedation, relaxation; at high doses,
perceptual changes, paranoia, anxiety attacks

Post-intoxication involves low energy, decreased
motivation, binge eating, sedation

Side effects include memory impairments, impaired
motor coordination, poor judgment, erratic behavior,
reduced reaction time



NEUROBIOLOGY OF MARIJUANA

Plant-derived cannabinoid

A9-Tetrahydrocannabinol (THC) ; ‘ Presynaptic neuron . | E n d ocanna b | no | d S b | n d tO
) cannabinoid receptors
(CB1 and CB2)

CB1 receptors are
GPCRs and are G,
coupled

Activation of CB1 typically
decreases vesicular
neurotransmitter release

Postsynaptic neuron |

Guzman (2003), Nat. Reviews Cancer



Brain regions that express the CB, cannabinoid receptor

Red = abundant CB, receptor expression Black = moderately abundant CB, receptor expression

Cerebral Cortex
higher cognitive functions

Hypothalamus
temperature regulation,
salt/water balance,
reproductive function

energy balance

Prefrontal Cortex
executive function

Basal ganglia / (
cognition 7
learning
emotional response
motor control

Amygdala

emotional response,
fear

——\_/ Brain Stem ~

" sleep arousal,
Hippocampus temperature

learning, memory, stress regulation,
motor control

Periaqueductal Gray
analgesia

Nucleus of the
Solitary Tract
visceral sensation,
nausea/vomiting

+ Cerebellum
posture

Spinal cord

peripheral sensation
including pain




NEUROBIOLOGY OF MARIJUANA

ol
~J
wn

o—e 1.0 mg/kg THC
* 0.5 mg/kg THC
o—e Vehicle

-
I~
o

DA in Nucleus Accumbens

Injection

|
20 60 80 100 120

Time (min)

l-‘\“l
] |

—
(S8
o
-+
o
o
Q
=
o
-
et
o
1¥)
&)
=
o
J
3
w
D
i o
o
B
P
<P
oD
o
4n
o o
o

Elliot Gardner - Neuroscience Letters, 1991, 129: 1872-79



CANNABINOID EFFECTS ON
DOPAMINE TRANSPORT

Stanwood group has described protective effects of GLP-1 receptor
agonists on cocaine reward.

This is due to GLP-1 receptors blocking the endocannabinoid 2-AG,
which then retrogradely alter the trafficking dynamics of the
dopamine transporter (the ==Y

substrate for cocaine).

A AGLP-‘I or Ex-4

Presynaptic terminal

Transl Psychiatry. 2016 May; 6(5): e809



ENDOCANNABINOIDS AND
NEURODEVELOPMENT

Embryonic Embryonic Embryonic :
day 0 day 4 ’ days 9-12 Embryonic days >14 _ Postnatal or adult

2-AG
(nmol/g)

AEA
(pmol/g)

I ) Neuronal Committed Retrograde | |Gliogenesis or
Fertilization Implantation progenitors . signaling neurogenesis
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/ } b G
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TRENDS in Pharmacalogical Sciences

Figure 2. Proposed developmental roles of the endocannabinoid system. Top panel shows temporal changes in available quantities of the two major endocannabinoids, 2-
AG and AEA, at the indicated developmental stages. Concentrations of 2-AG generally exceed those of AEA in the developing brain [15,16]. Bottom panels illustrate the
major events of embryogenesis that are regulated by endocannabinoid signaling through the CB, receptor (shown in orange). Only the actions of known endocannabinoids
and THC are shown. The term *td-eCBs' refers to target-derived endocannabinoids potentially released from putative postsynaptic target cells during axon guidance. For

further details, see Refs [2,5,15-18,24,27,31-34,36,38].
TRENDS in Pharmacological Sciences Vol.28 No.2

In human, CB1 receptors are detectable by week 14 of gestation




Many possible
mechanisms
through which
drugs can
alter fetal
neurodevelopment

Developmental Consequences of Fetal Exposure to
Drugs: What We Know and What We Still Must Learn

Emily J Ross', Devon L Graham®, Kelli M Money® and Gregg D Stanwood*

"Chemical & Prysical Bology Program, Vanderbit Universty, Nashvile, TN, USA: “Department of Pharmacclogy, Vanderbl
University, Nashuill, TN, USA; Neuroscience Grackate Program, Vanderbit Unversy, Nashule, TN, USA: “The Vanderblt
Kennedy Center for Resarch on Human Development, Vancerbilt Universty, Nashvlle, TN, USA

Polypharmacy

exposure
(alcohol, tobacco,

marijuana) ule

Prenatal
substance

Mental state

* Anxiety

* Depression

* Insomnia

* Memory loss

* Hallucinations

* Abnormal behavior

Lungs
* Pulmonary edema
* Breathing problems

Breastfeeding

* Continued exposure

* Decreased prolactin
release and supply

Amniotic fluid

» Possible
accumulation of
intact drugs

Umbilical cord

* Drugs are passed
directly to fetus

* Tissue can be used to
detect drugs

4

Additional risk markers

(maternal
and paternal age,

education, stressors)

Increased risk

* Blood, heart, and skin
infections

» Arrhythmias

* |[nfectious diseases

* Seizures

» Stroke

* Hypothermia

Mother’s blood

* Increased levels of CO,
CO, and blood pressure

» Anemia

* Pre-eclampsia

Placenta

» \fasoconstriction

* Placental insufficiency
* Placental abruption

Uterus
* Premature birth
« Contractions




ANIMAL MODELS OF PRENATAL
MARIJUANA / THC / CANNABINOIDS

« Generally speaking, the animal literature has been poorly
developed!

« Multiple doses, duration, and routes of administration have
been used with little consistency.

 Nevertheless, several recent studies of note.
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Prenatal exposure to cannabinoids evokes long-lasting
functional alterations by targeting CB; receptors on
developing cortical neurons

Adan de Salas-Quiroga®”<’, Javier Diaz-Alonso®"%"2, Daniel Garcia-Rincon®”<, Floortje Remmers®, David Vega®<,

Maria Gomez-Cafas®” ¢, Beat Lutz%, Manuel Guzman®®<, and Ismael Galve-Roperh®P:<3

PNAS | November 3, 2015 | vol. 112 | no.44 | 13693-13698
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Impaired performance on a
skill pellet-reaching task

; Transiently altered CB1
sl receptors during prenatal
development

ER81+ / total cells x103

(o]
o

)
Q

Deficits restored by
normalization of CB1
receptors on excitatory
neurons!

N
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Retrogradely labeled
cells / cortical column




ORIGINAL ARTICLE
Persistent inhibitory circuit defects and disrupted social

behaviour following in utero exogenous cannabinoid exposure

GA Vargish, KA Pelkey, X Yuan, R Chittajallu, D Collins, C Fang and CJ McBain

Molecular Psychiatry (2017) 22, 56-67

Intersections

0 100 200 300 400
Distance from Soma(pm)

]
CCK PV SOM CR VIP

+CCK SCA

0 100 200 300 400
Distance from Soma(um)

Reduced
hippocampal
CCK-INT number
and complexity

Compromised
CCK-INT-
mediated
feedforward and
feedback inhibition

Altered social
behavior



Pittsburgh Maternal Health Practices & Child
Development Project Cohorts

Alcohol Use During Prenatal Marijuana

Pregnancy Exposure
NIAAA NIDA
N. Day N. Day

k=14



PRENATAL PHASES

4th prenatal month 7t prenatal month 24-48 hrs post-delivery

1st trimester 2"d trimester 3rd trimester




STUDY DESIGN

22 YEARS
16 YEARS

14 YEARS
10 YEARS

6 YEARS
3 YEARS
18 MONTHS
8 MONTHS
DELIVERY (N = 763 combined cohort)

7™ PRENATAL MONTH
4™ PRENATAL MONTH 1982-1985



METHODS OF DETECTION

* Biological markers
* Interviews

« Self-report questionnaires




BIOLOGICAL MARKERS

Window of detection varies with:
* Type of assay
* Drug

« Chronicity of use




DETECTION OF MARIJUANA USE




DETECTION OF MARIJUANA USE

« Substantial evidence of greater detection of
marijuana use by self-report/interview methods
than by biological assays

Fendrich et al., 2004; Gray et al., 2010; Richardson et al., 2006



DETECTION OF MARIJUANA USE

Positive urine screen, reported use on interview:
95%

Reported use on interview, negative urine screen:

40%



IMPORTANCE OF QUESTION FORMAT

Marijuana

Cocaine

Richardson, Huestis, Day, 2006




IMPORTANCE OF QUESTION FORMAT

Marijuana

Cocaine

Richardson, Huestis, Day, 2006




PATTERN OF MATERNAL MARIJUANA USE

PERCENT
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= None: 0 joints/day m Light: <1 joint/day Heavy: 1+ joints/day




PATTERN OF MATERNAL ALCOHOL USE

PERCENT

80
70
60
50
40
30
20
10

T

Year 1sttrim. 3rd trim. 18 mos

prior

6 yrs 14yrs 22yrs

= None: 0 drinks/day

m Light: <1 drink/day

Heavy: 1+ drinks/day




PATTERN OF MATERNAL TOBACCO USE

PERCENT

60

50

40

30

20

10

1st trim. 3rd trim.

18 mos 6 yrs

14 yrs 22 yrs

= None: 0 cigarettes/day

m Light: <1 pack/day

Heavy: 1+ packs/day




WHAT IS ASSOCIATED WITH
PRENATAL MARIJUANA USE?




CHARACTERISTICS ASSOCIATED WITH 1sT
TRIMESTER MARIJUANA USE

No Use Heavy Use* Significance
Maternal age 22.9 23.2 ns
(yrs)
Education (yrs) 12.0 11.8 ns
% Caucasian 53.8 22.3 p <.01
% Married 37.6 18.4 p < .01
Family income 56.1 /1.3 p < .05

(% < $400/month)

*2 1 joint/day
Day et al., 1991



USE OF OTHER SUBSTANCES BY FIRST
TRIMESTER MARIJUANA USE

90
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -
0 -

= No PME

Heavy PME*
*21 joint/day

PERCENT

—

.

Alcohol Tobacco Other Drugs

1st trimester drug use



EFFECTS OF PRENATAL MARIJUANA

Birth 3vyears 6vyears 10vears 14 vyears 22 vyears

GROWTH

BEHAVIOR

COGNITIVE



EFFECTS ON COGNITION




RELATION BETWEEN PME & 6 YEAR 1Q

*21 joint/day

105
o
5 100
(&)
(7))
g o —
g = No PME
o | mHeavy PME*
IS
S
(7))

90 -
85 -
80_ T

Overall IQ ST Memory Verbal

Goldschmidt et al., 2008



IMPORTANCE OF CONTROL OF COVARIATES
10-year PIAT reading comprehension

No Light2
marijuana WERIPERE]
use use

No adjustments

a < 1 joint/day; P > 1 joint/day

Heavy®
PERIPERE]
use

Significance

Goldschmidt et al., 2004



IMPORTANCE OF CONTROL OF COVARIATES
10-year PIAT reading comprehension

No
marijuana
use

No adjustments

Adjust for:
Home environment
(HOME)

a < 1 joint/day; P > 1 joint/day

Light2
WERIPERE]
use

Heavy®
PERIPERE]
use

Significance

Goldschmidt et al., 2004



IMPORTANCE OF CONTROL OF COVARIATES
10-year PIAT reading comprehension

No Light2
marijuana WERIPERE]
use use

No adjustments

Adjust for:
Home environment
(HOME)

HOME, education

a < 1 joint/day; P > 1 joint/day

Heavy®
PERIPERE]
use

Significance

Goldschmidt et al., 2004



IMPORTANCE OF CONTROL OF COVARIATES
10-year PIAT reading comprehension

No
marijuana
use

No adjustments

Adjust for:
Home environment
(HOME)

HOME, education

HOME, education,
race

a < 1 joint/day; P > 1 joint/day

Light2
WERIPERE]
use

Heavy®
PERIPERE]
use

Significance

Goldschmidt et al., 2004



EFFECTS ON BEHAVIOR




RELATION BETWEEN PME & 10 YEAR
BEHAVIOR

30
((})
c
= 25 —
(<))
T &
g% —
Q (&)
2
86 15 ~ [mNoPME
S % Heavy PME*
§ 10 - ——  *21 joint/day
$
5 _ |
0 - . .

Delinquent Aggressive

Teacher Reported Behavior Goldschmidt et al., 2000



OFFSPRING SUBSTANCE USE ACROSS TIME

100
90
80
70

use 60
50

40

30
20
10
O — - |

10 years 14 years 22 years

m Alcohol
Tobacco
Marijuana




RELATION BETWEEN PME & 22 YEAR
OFFSPRING MARIJUANA USE

70
60 -

50 -

m No use
40 -

use
at 22 30 -

> 3 times/wk

yrs
20 -

10 -

P <.001

No PME Any PME

Sonon et al., 2015



RELATION BETWEEN PME & PSYCHOTIC
SYMPTOMS AT 22 YEARS

70

60 -

50 -

40 -

= No PME

Heavy PME*
*21 joint/day

Percent

30 -

20 -

10 -

PS=0 PS=23

Psychotic symptoms Day et al., 2015



At the Tip of an Iceberg: Prenatal Marijuana and
Its Possible Relation to Neuropsychiatric
Outcome in the Offspring

Alan Alpar, Vincenzo Di Marzo, and Tibor Harkany Biological Psychiatry April 1, 2016; 79:e33-e45

Adolescent C Adolescent + THC/stressors

Figure 2. Major dopaminergic pathways of the brain. In adolescence, mesocortical dopamine (DA) influence peaks in the prefrontal cortex (PFC) but
dopamine activity becomes lower in the nucleus accumbens (Acc). The increased inhibition of PFC pyramidal cells results in a decreased excitatory
glutamatergic output onto the subcortex, further amplifying the increased inhibitory dopaminergic tone on the PFC. Compared with nigrostriatal input,
mesolimbic but especially mesocortical afferents are sensitive to environmental stressors/drug abuse that may escalate the dopamine imbalance between the
cortical and subcortical integration centers in adolescent marijuana abuse. Altered line thickness across the named conditions denotes changes in strength of
expression/effects. Glu, glutamate; SN, substantia nigra; Str, striatum; THC, Ag—tetrahydrocannabinol; VTA, ventral tegmental area.

Adolescent marijuana exposure increases susceptibility to develop
psychosis and other neuropsychiatric conditions. Even earlier
exposures may do the same (or worse?).




EFFECTS OF PRENATAL MARIJUANA

Birth 3vyears 6vyears 10vears 14 vyears 22 vyears

GROWTH llength - =— - - -

BEHAVIOR sleep changes I impulsivityIactivity, I delinquency, Imarijuana use,

inattention, marijuana use | psychotic sx,
impulsivity, arrests
delinquency,

depression

COGNITIVE l lIQ lmemory, l
memory memory ¥ achievement achievement



CONCLUSIONS

« Effects of prenatal marijuana exposure on
behavior and cognition consistent across phases

(and studies)
* Increased risk of marijuana use in offspring

« Pattern of effects consistent with teratologic model

and mechanisms



IMPLICATIONS

Different types/patterns of prenatal marijuana use
Co-use of marijuana and tobacco is common

Consider other characteristics associated with
prenatal drug use

Non-judgmental communication is important

Understand woman's belief system



MATERNAL HEALTH PROJECT







EFFECTS OF PRENATAL MARIJUANA
EXPOSURE ON COGNITIVE DOMAINS

3 years

Overall IQ

- Short term
memory

- Verbal

Day et al., 1994

6 years

Overall IQ

- Short-term
memory

-Verbal
-Quantitative

Goldschmidt et al., 2008

10 years

Achievement:
- Reading
- Spelling

Memory — overall;
- visual

Goldschmidt et al., 2004,
Richardson et al., 2002

14 years

Achievement:
- Reading
- Total

Goldschmidt et al., 2012



EFFECTS OF PRENA

6 years

Impulsivity

Leech et al., 1999

AL MARIJUANA

EXPOSURE ON BEHAVIOR

10 years 14 years
Inattention

Impulsivity

Activity

Delinquency Delinquency
Depression Marijuana use

Goldschmidt et al., 2000; Day et al., 2006, 2011
Gray et al., 2005

22 years

Psychotic
symptoms

Maladaptive adult
roles

Marijuana use

Day et al., 2015;
Goldschmidt et al., 2016;
Sonon et al., 2015
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