California State University, San Bernardino

CSUSB ScholarWorks

Theses Digitization Project John M. Pfau Library

2013

Adolescent and adult nicotine exposure on the acquisition of
methamphetamine self-administration and the reinstatement of
extinguished methamphetamine-seeking in male rats

Joseph Allan Pipkin

Follow this and additional works at: https://scholarworks.lib.csusb.edu/etd-project

0 Part of the Biological Psychology Commons, and the Substance Abuse and Addiction Commons

Recommended Citation

Pipkin, Joseph Allan, "Adolescent and adult nicotine exposure on the acquisition of methamphetamine
self-administration and the reinstatement of extinguished methamphetamine-seeking in male rats"
(2013). Theses Digitization Project. 4219.

https://scholarworks.lib.csusb.edu/etd-project/4219

This Thesis is brought to you for free and open access by the John M. Pfau Library at CSUSB ScholarWorks. It has
been accepted for inclusion in Theses Digitization Project by an authorized administrator of CSUSB ScholarWorks.
For more information, please contact scholarworks@csusb.edu.


https://scholarworks.lib.csusb.edu/
https://scholarworks.lib.csusb.edu/etd-project
https://scholarworks.lib.csusb.edu/library
https://scholarworks.lib.csusb.edu/etd-project?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F4219&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/405?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F4219&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/710?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F4219&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.lib.csusb.edu/etd-project/4219?utm_source=scholarworks.lib.csusb.edu%2Fetd-project%2F4219&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@csusb.edu

ADOLESCENT AND ADULT NICOTINE EXPOSURE ON THE ACQUISITION
OF METHAMPHETAMINE SELF-ADMINISTRATION AND THE
REINSTATEMENT OF EXTINGUISHED
METHAMPHETAMINE - SEEKING

IN MALE RATS

A Thesis
Presented to the
Faculty of
California State University,

San Bernardino

In Partial Fulfillment
of the Requirements for the Degree
Master of Arts
in
Psychology:

General-Experimental

by
Joseph Allan Pipkin

December 2013



ADOLESCENT AND ADULT NICOTINE EXPOSURE ON THE ACQUISITION

OF METHAMPHETAMINE SELF-ADMINISTRATION AND THE

REINSTATEMENT OF EXTINGUISHED
MeETHAMPHETAMINE-SEEKING

IN MALE RATS

A Thesis
Presented to the
Faculty of
California State University,

San Bernardino

by
Joseph Allan Pipkin

December 2013

Approved by:

cynthia A. Crawford, Chair, Psychology

Sanders McDougail

Dr.

Dr. Arturo Zavala, Psychology,
California State University, Long Beach

Date



ABSTRACT

Nicotine is a commonly abused substance among
adolescents and is believed to be a “gateway” to other
drugs of abuse. In support of the gateway hypothesis,
cigarette smoking during adcolescence is related to
increased methamphetamine (METH) use in adulthood.
However, it is difficult to understand the exact
relationship between early use of nicotine and later METH
use because the majority of juvenile smokers continue to
smoke cigarettes as adults. Thus, the present
investigation sought to determine the individual and
combined contribution of adolescent and adult nicotine
exposure on METH self-administration and METH-seeking
behavior in male rats.. A total of 43 male rats of
Sprague-Dawley descent were pretreated with saline or
nicotine (0.16 or 0.64 mg/kg, sc) from postnatal day (PD)
35-50. On PD 51, rats in the 0.16 and 0.64 pretreatment
groups were divided and assigned to a group that either
continued to receive the game nicotine dose they received
as adolescents or saline. Rats that had received saline
as adolescents continued to receive saline injections.
Thus, there were five groups in this experiment based on

adolescent/adult nicotine exposure (SAL/SAL, 0.16/0.16,

iii



0.16/SAL, 0.64/0.64, and 0.64/SAL). On PD 60, rats were
trained to lever press for food and were then implanted
with a jugular catheter. After a five-day recovery
period, rats were trained to press a lever for METH
(0.05 mg/kg) on an FR1 schedule. After seven days on the
FR1 schedule, rats were moved to an FR3 schedule for an
additional seven days. After 14 total days of METH
acguisition training, rats underwent a 14-day extinction
period (lever presses had no scheduled conseguences).
Rats were then tested for METH-induced reinstatement in
which METH-seeking behavior was assessed after an
injection of METH (1.0 mg/kg, ip). During the
reinstatement session, rats were not reinforced for lever
presses. We found that rats given the low dose of
nicotine during both the adolescent pretreatment phase-
and during adulthood (e.g., 0.16/0.16 group) obtained
more METH infusions and had more active lever presses
than rats in the SAL/SAL group. The group receiving 0.16
nicotine and saline as adults (0.16/SAL) and the groups
that received the higher dosgse of nicotine (0.64/0.64;
0.64/SAL) did not show this enhancement. Interestingly,
neither nicotine pretreatment nor nicotine during

adulthood had a significant effect on the extinction or
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drug-primed reinstatement of METH-seeking behavior. Taken
together, these data suggest that extended causal use of
nicotine enhances the reinforcing effects of METH, while

heavier exposure has no effect on METH use.
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CHAPTER ONE

DRUG ADDICTION

Introduction

Drug addiction hés been defined as a “chronic
relapsing brain disease that is characterized by
compulsive drug seeking and use, despite harmful
consequences” (National Institute of Drug Abuse ([NIDA],
National Institute of Health [NIH], & Department of
Health and Human Services [HHS], 2010, p. 5). For
example, individuals will continue to use drugs
regardless of illness brought on by drug addiction,
disrupted relationships from drug use, life role failure
because of drug consumption (Hyman, 1995, 2001), or when
thelr continued drug ﬁse creates depression rather than
pleasure (Hyman & Malenka, 2001).

Most definitions of addiction include psychological
and physiological dependence (Akers, 19921). Psychological
dependence refers to the positive reinforcement
associated with drug consumption and the subsequent
mental cravings that the user may experience. It is
believed that drug users become addicted to drugs,

because these chemical compounds alter brain chemistry



and induce powerful euphoric effects. Physiological
dependence refers to the negative reinforcement that is
associated with avoiding the unpleasant withdrawal
symptoms when a drug is discontinued {Akers, 1991;
Robinson & Berridge, 2001).

One of the most difficult aspects of addiction
treatment, for addicts as well as clinicians and
practitioners, 1s relapse (Mendelson & Mello, 1996;
O‘Brien, 1997). NIDA reports that 40-60% of drug-addicted
patients relapse {(McLellan, Lewig, O’Brien, & Kleber,
2000; NIDA, NIH, & HHS, 2010). In fact, many recovering
addicts remain highly wvulnerable to returning to drug use
after years of abstinence. Vulnerability to relapse is
especially difficult in individuals addicted to
stimulants (e.g., cocaine or methamphetamine) (Dackis &
O'Brien, 2001). Current treatments for addiction may work
for a limited number of people; however, they are far
from ideal. In consideration of this high rate of
relapse, there is a great need for perfecting treatment
approaches to substance abuse disorders. In particular,
understanding the molecular mechanisms of addiction may
lead to new therapeutic treatments (Koob & Le Moal,

1997) .



Drug addiction in adulthood is highly correlated
with early onset of drug use. For example,
methamphetamine use in adults has a strong asscciation
with adolescent nicotine use (Brensilver et al., 2013;
Inaba & Cohen, 2011; Russell et al., 2008). Smoking in
adolescence ig extremely common (Gilpin, Choi, Berry, &
Pierce, 19%9%9) and has been suggested as a “gateway” to
other illicit drugs (for review, see Benowitz, 1999;
DiFranza et al., 2000). Moreover, in rodent studies,
exposure to nicotine during the adolescent period leads
to increased sensitivity to amphetamine and cocaine in
adult rats {(Collins & Izenwasser 2004; Santos, Marin,
Cruz, Delucia, & Planeta, 2009).

Importantly, addiction to nicotine begun in
adolescence is typically maintained into adulthood, as
approximately 80% of adolescent-onset smokers continue to
smoke (Lenny & Enderby, 2008; Warren et al., 2008). Thus,
many of the adults who are addicted to methamphetamine
will concurrently use nicotine and will .continue to use
nicotine after the cegsation of other drug use. The
persistence of this nicotine addiction suggests that it
is important to understand the effects of continued adult

use of nicotine ag well as adolescent exposure.



Therefore, the purpose of this investigation is to
determine the individual and combined roles of adolescent
and adult nicotine exposure on the acguisition of
methamphetamine self-administration. We will also
determine the individual and combined roles of adolescent
and adult nicotine exposure on methamphetamine-induced

reinstatement of extinguished methamphetamine-seeking.



CHAPTER TWO

DOPAMINE

Introduction

The neurotransmitter dopamine (DA) is a
catecholamine involved in diverse functions within the
brain and periphery (Missale, Nash, Robinson, Jaber, &
Caron, 1998). In 1910, George Barger and James Ewens
first discovered DA. By 1952, Arvid Carlsson and Nils-Ake
Hillarp had established that this chemical was a
neurotransmitter (Dziedzicka-Wasylewska, 1294; Gingrich &
Caron, 1993). DA mediates cognition, motor functions,
sexual behaviors, reward mechanisms, attention, and
endocrine regulation (Calne, Chase, & Barbeau, 1975;
Missale et al., 1998). Furthermore, DA is associated with
multiple psychiatric disorders, including
attention-deficit hyperactive disorder, schizophrenia,
Parkinson’s disease, Tourette’s syndrome, dopamine
dysregulation syndrome, depression, and bipolar disorder
(Bortolato, Chen, & Shih, 2008; Deveto & Flore, 2006;
Missale et al., 1998). Importantly, DA is highly involved
with addiction. The ventral tegmental area (VTA} in the

midbrain projects axons to the nucleus accumbens, a



pathway known to be involved in reward (Deveto & Flore,
2006; Koob & Kreek, 2007; Wanat, Willuhn, Clark, &
Phillips, 2009). Illicit drugs like cocaine,
methamphetamine, and amphetamine act on this pathway, and
this activation plays a crucial role in the additive
properties of these drugs (Le Foll, Gallo, Le Strat, Lu,

& Gorwood, 2009; Missale et al., 1998).

Dopamine Synthesis and Release

In dopaminergic neurons, DA is initially synthesized
from the amino acid tyrosine (Elsworth & Roth, 1997).
Tyrosine hydroxylase then converts this amino acid into
L-dihydroxyphenylaline (L-DOPA) (Elsworth & Roth, 1997).
The conversion of tyrosine to L-DOPA ig the rate-limiting
etep in DA synthesis. L-DOPA is subsequently converted
into DA by the enzyme DOPA decarboxylase (Elsworth &
Roth, 1997; Roth, 19279; Smidt, Smits, & Burbach, 2003;
Sourkes, 1979). DA synthesis occurs in the cytosol of the
presynaptic terminal. Once synthesis is completed, DA
will be loaded into vesicles by vesicular monoamine
transporters located on the wvesicle (Elsworth & Roth,
1997) . When an action potential takes place, the axon

terminal depolarizes, resulting in calcium influx into



the neuron. Exocytosis then leads to the vesicular
release of DA into the synaptic cleft (Binder, Kinkead,
Owens, & Nemeroff, 2001; Elsworth & Roth, 1997; Ford,

Gantz, Phillips, & Williams, 2010).

Dopamine Catabolism

Once DA is released, it is inactivated through
active reuptake transporters {Elsworth & Roth, 1997; Ford
et al., 2010). The DA that is transported into the
presynaptic terminal i1s either repackaged into the
vegicles or metabolized. DA is metabolized in the
presynaptic terminal by monocamine oxidase (Elsworth &
Roth, 1997). Monoamine oxidase metabolizes DA into
3,4-dihydroxyphenylacetaldehyde (DHPA) within the
intracellular fluid. After this has occurred, DHPA is
converted into 3,4-dihydroxyphenyl acetic acid (DOPAC) by
aldehyde dehydrogenase via oxidization, ending in HVA

(Elsworth & Roth, 1997; Ford et al., 2010).

Dopamine Receptors and Subtypes
DA receptors belong to a class of seven
transmembrane G-protein-coupled receptors (Migsale et
al., 1998; Sealfon & Olanow, 2000). There are five

different subtypes of DA receptors (Di, Dz, D3, Di, Ds);



however, these subtypes are categorized into two
families, Dl-like or D2-like (Civelli, Bunzow, & Grandy,
1993; Gingrich & Caron, 1993; Jackson &
Westlind-Danielsson, 1994; O'Dowd, 1993). For example,
Dl-like receptors include the D; and Ds receptors. The
D1-like receptors are coupled to the G-protein G; or Goit.
When Dl-like receptors are activated they increase
adenylyl cyclase. D2-like receptors consist of the D,, Ds,
and D; subtypes and are coupled to either Gj or Ge
G-protein (Binder et al., 2001). When activated, D2-like
receptors inhibit adenylyl cyclase (Missale et al.,

1998) .



CHAPTER THREE

ACETYLCHOLINE

Introductioh

Acetylcholine (ACh} is a neurotransmitter located in
both the peripheral nervous system (PNS) and central
nervous system (CNS) (Caulfield, 1993; Wess, Buhl,
Lambrecht, & Mutschler, 1990}). The physiological .activity
of ACh has been known since 1914 (Holmstedt, 1975), when
Sir Henry Dale, an English pharmacologist and
physiologist, originally discovered ACh while studying
its actions on heart tissue. It was later confirmed as
the first neurotransmitter by German pharmacologist Otto
Loewi (Fishwman, 1972).

ACh activity is involved with a wide array of
central processes, including temperature regulation,
motor functions, nociception, and water intake (Bartus,
Dean, & Flicker, 1987). ACh also mediates more complex
behaviors, such as arousal, sleep, learning, memory,
depression, and response to stresgss (Arneric, Sulliva, &
Williams, 1995; Ehlert, Roeske, & Yamamura, 1995;
Mesulam, 1995; Reiner & Fibiger, 1995; Richelson, 1995).

Furthermore, ACh dysfunction is associated with specific



neurocognitive disorders, including Alzheimer’s and
Parkinson’'s disease (Bosboom, Stoffexrs, & Wolters, 2003;
Mesulam, 1996). Recently, ACh has been shown to play a
critical role in drug addiction (Williams & Adinoff,

2008) .

Acetylcholine Synthesis and Release

ACh is synthesized from acetyl coenzyme A and
choline. Acetyl coenzyme A is primarily synthesized in
mitochondria and.thenltransported to the'cytoplasm, where
ACh synthesis occurs (Cooper, Bloom, & Roth, 1991; Israel
& Dunant, 1979; Massoullie, Sussman, Bon, & Silman,
1993). Cheline is an essential nutrient and must be
consumed through diet (Zeisel & da Costa, 2009). Choline
is transported by blood, where it crosses cell membranes
and enters cholinergic neurons to activate the synthesis
of ACh (for review, see Hersi, 1996). Located within the
cholinergic neuron is the enzyme choline
acetyltransferase, which joins acetyl coenzyme A and
choline, forming ACh (Fulton & Nachmansohn, 1243). ACh is
then loaded into vesicles by vesicular acetylcholine
transporters (Siegal et al., 2004). When an action

potential takes place, the neuron depolarizes, resulting

10



in ca®** influx. Exocytosis then leads to the release of
ACh within the synaptic cleft (Cooper et al., 1991;

Israel & Dunant, 1993; Massoullie et al., 1993).

Acetylcholine Catabolism

Once ACh is released it is metabolized by the enzyme
acetylcholinesterase (AChE). AChE breaks down ACh into
two components: choline and acetic acid. This enzyme is
located within the presynaptic cell and in the synaptic
cleft. AChE in the presynaptic cell metabolizes excess
ACh. In the synaptic cleft AChE breaks down ACh to stop
ACh transmission. When ACh is metabolized 1n the synaptic
cleft, choline is transported into the presynaptic
terminal and reused. The recycling of choline plays a

significant role for ACh synthesis, because blockade of
choline transporters causes a dramatic decrease in ACh

production {(for review, see Meyer & Quenzer, 2005).

Acetylcholine Receptors and Subtypes

There are two specific receptor families that
mediate the actions of ACh: nicotinic (nAChRs) and
muscarinic (mAChRs), with several subtypes of each
receptor (Arneric et al., 1995; Ehlert et al., 1995).

These cholinergic receptors were named for the ligand

11



first known to activate them. More specifically,
muscarine and nicotine mimic ACh activity, hence the
‘names ‘muscarinic” and “nicotinic” receptors (Hersi,
1996) .

nAChRs are ligand-gated ion channels composed of
multiple subunits, and are permeable to sodium and
calcium (Meyer & Quen=zer, 2005). In humans, 16 subunits
have been identified (ul—a7, a9-0l0, RBL-B4, o, £, v)
(Leonard & Bertrand, 2001; Le Novere & Changeux, 1995;
Lindstorm, 1995). Overall, most nicotinic receptors
contain o4, 2, and o7 subunits (Dani & Bertrand, 2007).
nAChRs are located on muscle end plates, autonomic
ganglia (both parasympathetic and sympathetic), and
within the CNS (Katzung, 2003).

mAChRs are G protein-coupled receptors, composed of
five subtypes (M;-M;) (Caulfield, 1993; Caulfield &
Blrdsall, 1998; Wess,.l996). mAChRs are found in wvarious
mammalian species and are widely distributed in the human
body (Wess, 1993). M; and M; receptors are primarily
coupled to Gy G-proteins (Burford & Nahorski, 1996). Gq
activates the second messenger diacylglycerol and
inositol trisphosphate, which in turn activates protein

kinase C (Alberts, Lewis, Raff, Roberts, & Walter, 2002).
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M, acts via Gi that, when activated, decreases cyclic
adenosine monophosphaté, inhibits voltage-gated ca®!
channels, and causes an efflux of potassium, leading to
inhibitory effects (Rang, 2003). M, are found primarily in
the CNS and act via G;, which decrease cyclic adenosine
monophosphate and produce inhibition (Gue, Mao, & Wang,
2010) . Ms; receptors, like M; and M;, work via Gg. When Gq
ig activated this increases diacylglycercl and inositol
trisphosphate, which in turn activates protein kinase C

and intracellular Ca®* signaling (Alberts et al., 2002).
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CHAPTER FOUR

METHAMPHETAMINE

Introduction

Methamphetamine (R,S-N-methyl-1l-phenyl-2
-propan-2-amine) (METH) is a highly addictive
psychostimulant that affects the CNS and acts as a
sympathomimetic drug (Kraemer & Maurer, 2002). METH was
first developed from ephedrine in 1893 by the Japanese
chemist Nagayoshi Nagai (Nagai, 1893). In the initial
stages after its development, METH was used medically in
bronchial inhalers and as a nasal decongestant (Lineberry
& Bostwick, 2006). Soon after, METH began to be used to
treat a more diverse range of conditions, including
narcolepsy, obesity, mild depression, chronic alcoholism,
hay fever, post-encephalitic Parkinson syndrome, and
cerebral arteriosclerosis (Anglin, Burke, Perrochet,
Stamper, & Dawud-Noursi, 2000; McGuinness, 2006).

From the time of its development through 1951, METH
products were available without prescription (Romanelli &
Smith, 2006). In the years following, access to
amphetamines was restricted because of abuse potential,

but amphetamines were still used recreationally (Ling,

14



Rawson, Shoptaw, & Ling, 2006; McGuinnes, 2006). By the
1970's, the dangers of METH were better understood,
resulting in its c¢lassification as a schedule IT drug
{e.g., has some medical use, but has high abuse potential)
by the Drug Enforcement Agency (Anglin et al., 2000;
McGuinness, 2006).

Currently, METH is the most widely abused
psycho- stimulant in the woxld (World Drug Report, 2007),
as well as the psychostimulant with the greatest increase
in new abusers (Rawson & Condon, 2007; United Nations
Office on Drug and Crime, 2003). As of 2009, in the
United States, 502,000 individuals reported using METH
(SAMSHA, 2009), and as many as 15-16 million people

world-wide (United Nations Office of Drug Control, 2008).

Mechanism of Action, Pharmacokinetics and
Acute Physioclogical Effects

METH impacts several different neurotransmitter
systems, including DA, serotonin (5-HT), and
norepinephrine (NE) (Sulzer, Sonders, Poulsen, & Galli,
2005). METH's main targets are DA transporters (DAT),
which are responsible for removing DA from the synaptic
cleft (Takamatsu, Yamamoto, Hagino, Markou, & Ikeda,

2011). METH is taken up into the cell by these

15



transporters, where it enters DA vesicles and
redistributes DA into the cytosol by interacting with the
vegicular monocamine t;ansporter (pifl, Drobny,
Hornykiewicz, & Singer, 1995; Sulzer & Rayport, 19290).
Specifically, METH blocks the presynaptic cell’s ability
to use vesicular monoamine transporters, which are
responsible for transporting DA into synaptic vesicles,
resulting in higher amounts of monoamines in the cytosol
{Sulzer et al., 2005; Takamatsu et al., 2011l). Bxcess DA
within the cytosol causes DAT to work in reverse, causing
DAT to actively pump DA into the synaptic cleft (Eisch &
Marshall, 1998; Finnegan, Ricaurte, Seiden, & Schuster,
1982; Seiden, Fischman, & Schuster, 1976; Wagner et al.,
1980) . METH alsc inhibits monoamine oxidase (MAO), which
is an enzyme that breaks down monoamines like DA and NE
(Meyer & Quenzer, 2005), thus leading to excess levelg of
these neurotransmitters in the brain.

Once METH 1s administered, it has a half-life of 9
to 12 hours (Schep, Slaughter, & Beasley, 2010). Acute
physiological effects of METH include increased heart and
respiratory rates, blood pressure, body temperature

(Anglin et al., 2000). In addition, METH heightens the
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sensation of euphoria and 1libido, and is an appetite

suppressant (Linberry & Bostwick, 2006).

Chronic Effects

Long-term METH abuse can lead to confusion,
hallucinations, paranoia, paranocid psychosis, weight
loss, and cardiomyopathy (heart deterioration) (Cho &
Melega, 2002; Cho, MeIega, Kuczenski, & Segal, 2001;
Rawson, Gonzalesg, & Brethen, 2002; Romanelli & Smith,
2006; Wermuth, 2000). Chronic METH abuse is also
associated with other major mental health problems, such
as depression, anxiety, and psychomotor dysfunctions
(Darke et al., 2008; Homer et al., 2008). In addition to
the physiological effects of METH, chronic METH users
show cognitive deficite in learning, memory,
decision-making, sustained attention, and psychomotor
procesgsing (Chernexr et al., 2010; Jchanson et al., 2006;
Kalechestein, Newton,.& Green, 2003; Lawton-Craddock,
Nixon, & Tivis, 2003; Mcketin and Mattik, 1997, 1998; Sim
et al., 2002; Simon et al., 2000; Volkow et al., 2001)}.

Prolonged METH use results in tolerance, in which an
individual has to consume more METH to achieve the same

effect (Gygli et al., 12%6). Tolerance mechanisms are not
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entirely understood, but it is believed that METH
tolerance results from a reduction in neurotransmitter
concentrations (Gygi et al., 1996; Riviere, Gentry, &
Owens, 2000). More specifically, that METH tolerance
occurs because of neurochemical alterations of DA
neurons, and due to the impact on MAO and DAT function
(Johnson-Davis, 2004). Along with the aforementioned
effects of METH abuse, METH is associated with
dermatological issues, such as injection marks or burns,
which result from injecting or smoking the drug (Cho et
al., 2001; Danks, Wibbenmeyer, & Faucher, 2004; Rawson et
al., 2002), and METH has a high association with an
increased occurrence of dental disease (Blanksma & Brand,

2005; Richaxrds & Brofeldt, 2000; Rosenstein, 1975).

Societal Harm and Impact

In 2005 alone; METH uge incurred a national cost of
$23.4 billion. METH use is an extreme burden on society
when considering money spent on treatment, healthcare,
foster care services, and costs of crime (RAND, 2005). In
2005, the National Association of Counties (NACO)
reported that 45 of Sd American States METH as the

primary drug problem, and METH-induced crime was on the
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rise. In 2007, NACO reported that METﬁ represented the
number one drug problem in the United States. Lastly, the
cost to the criminal justice system for enforcing METH
laws was $4.2 billion in 2007, while in 2009 the U.S.
Department of Justice National Drug Threat Assessment
reported METH as the greatest drug threat.

An increased in risk-taking behaviors can arise when
under the influence of METH. For example, heterosexual
men and women abusing METH are more likely to engage in
unprotected sex and have a higher number of sexual
partners (Mansergh et al., 2006). Within the HIV
population, METH users were more than twice as likely to
engage in unprotected sex when their partner’s HIV
serogtatus was unknown by comparison to non-users
(Mansergh et al., 2006). Lastly, high-risk sexual
behaviors resulting from METH use has been positively
correlated with increasing rates of HIV and other
sexually transmitted infections (Centers for Disease
Control, 2004; Drumright, Patterson, & Strathdee, 2006).

METH i1s primarily manufactured in illegal laboratory
settings. Individuals who produce METH do not typically
have sufficient skills to accurately prepare the drug

(Irvine & Chin, 1991), which may lead to explosiong and
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injuries, ultimately leaving city officials to clean up.
The cost per METH lab clean up runs about $20,520 per lab
and can take weeks to clean (Rodrigquez, 2006). More
importantly, these METH labs are extremely hazardous to
everyone around them. METH labs can go unnoticed and be
producing large amounts of METH for a long period of time
before being shut down. Each pound of METH that is
manufactured produces six pounds of hazardous waste. The
chemicals utilized in the manufacturing of METH are
extremely toxic, and the environments surrounding METH
labs are commonly polluted by the dumping of these toxins
in fields, streams, backyards, and rivers, ultimately
leading to community water contamination. Lastly, the
poisonous wvapors and chemicals produced during the
manufacturing process permeate and continuously harm
innocent adults and children (for review, see SAMSHA,
2008, 2011). With the rising increase of abuse, risk
taking behaviors, societal impact, criminal engagements,
and psychological repercussions, further research into

the treatment of METH abuse is necessary.
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CHAPTER FIVE

NICOTINE

" Introduction

Nicotine 3-(l-Methyl-2-pyrrolidnyl) pyridine is the
primary addictive chemical in tobacco (Weinberger &
Sofuoglu, 2009), and motivates continued use of tobacco
despite its harmful consegquences (Balfour, 2004; Dani &
Heinemann, 1996; Di Chiara, 2000; Di Chiara et al., 2004;
Karan, Dani, & Benowitz, 2003; Mansvelder & McGehee,
2002) . The use of tobacco in the United States
constitutes the leading preventable cause of disease,
disability, and death (Centers for Disease Control &
Prevention [CDC], 20045. Approximately 440,000 people in
the United States and 4 million people worldwide die each
year from tobacco-related causes (e.g., lung cancer,
cardiovascular disease, etc.) (Giovino, 2002), which
amounts to about 1 in every 5 U.S. deaths (CDC, 2008a).
In fact, moxre deaths are caused each year by tobacco than
HIV, alcohol use, suicides, illegal drug consumption,
murders, and motor wvehicle injuries combined (CDC, 2008b;

Mokdad, Marks, Stroup, & Gerberding, 2004).
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Mechanism of Action, Pharmacokinetics
and Physiological Effects

Nicotine’s effects on neuronal activity are mediated
by nAChR. Nicotine acts as a direct agonist by binding to
these receptors. Because nAChRs are widely distributed,
nicotine influences neurochemical activity in many brain
regions (Picciotto & Corrigall, 2002; Wonnacott,
Sidhpura, & Balfour, 2005), including the VTA (Dani &
Harris, 2005). Nicotine-induced action of nAChRs produces
a direct depolarization of DA neurons, causing an
increase in firing, which is one factor in the
reinforcing effects of nicotine (Dani, Ji, & Zhou, 2001;
Pidoplichko, DeBiasi, Williams, & Dani, 1997; Schilstrom,
2003; Schilstrom, Nowmikos, Nisell, Hertel, & Svensson,
1298) .

Once inhaled, nicotine is absorbed by the lungs and
is absorbed directly into the blood stream and reaches
the brain in 10-60 secﬁnds (Benowitz, 1999; Dani &
Heinemann, 1996; Karan et al., 2003; Mansvelder &
McGehee, 2002; Rose, Behm, Westman, & Coleman, 1999),
with a half-1ife of two hours (Benowitz, 1982). Acute
physiological effects of nicotine include increased heart

rate and blood pressure, decreased body temperature
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(Heishman, Snyder, & Henningfiled, 1993), and a reduction
in appetite (Grunberg, 1986; Grunberg, Bowen, & Winders,

1986; Miyata, Meguid, Fetissov, Torelli, & Kim, 1999).

Chronic Effects

One-third of all cancers come from smoking
cigarettes, and 90% of lung cancer cases are associated
with tobacco smoking. Also, smoking causes chronic
bronchitis, emphysema, and increases the chance of heart
attack, vascular disease, and aneurysm, and has been
linked teo leukemia, pneumonia, and cataracts (CDC, 2004,
2008a}) .

Some of the harmful effects of smoking are also
incurred through secondhand exposure. Secondhand smoke
has potential for causing serious diseases. On average,
an estimated 126 million Americans are exposed to second
hand smoke, and almost 50 thousand nonsmokers die

specifically from second hand smoke (CDC, 2010).

Addictive Properties
Smoking is one of the most difficult addictions to
treat (Balfour, 2004; Benowitz, 1999; Karan et al.,
2003) . On average, about one-third of smokexrs attempt to

guit annually, but less than 10% actually succeed (Dani &
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Harris, 2005). Nicotine is one of the most commonly used
drugs, and tends to be used with other drugs of abuse
(Budney, Higgins, Hughes, & Bickel, 1993; Mello,
Mendelson, Sellers, & Kuehnle, 1980). Importantly,
nicotine and METH are commonly used together (Goldsamt,

O’'Brien, Clatts, McGuire, 2005; Yen & Chong, 2006).

Adolescent Smoking and Sensitivity to Nicotine

Cigarette smoking is very common during adclescence.
The majority of individuals who smoke begin within this
age period. In the United States, more than 60% of
adolescents experiment with smoking cigarettes.
Approximately one-third to half of these adolescents will
eventually become daily smokers (Henningfield, Moolchan,
& Zeller, 2003), with the peak of experimentation
occurring between the éges of 13 and 16 (Duncan,
Tidesley, Duncan, & Hops, 1995; US Department of Health
and Human Services [USDHHS], 1994). Tobacco use within
this age period is not just a result of social
influences, such as peer pressure; recent research
suggests that there may be biological reasons for this
period of increased vulnerability (NIDA, 2009}). In

general, tobacco has a positive effect on mood and
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