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Prior to beginning work on this discussion, read the required chapters from the text and review
the required articles for this week. Alcohol and caffeine have nearly opposite effects on behavior
and the nervous systemn, yet these substances are not used to treat overdose or addiction to the
other. Why not use caffeine to treat alcohol addiction? Analyze the issues of pharmacological
and physiological antagonism. Explain the receptor systems involved and the central nervous
system structures effects with regard to this question. Frame your analysis in terms of drug
action first and other consequences second.



Text

Advokat, C. D., Comaty, J. E., & Julien, R. M. (2018). Julien's primer of drug action: A
comprehensive guide to the actions, uses, and side effects of psychoactive drugs (14th
ed.). Retrieved from htips://vitaisource.com
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CAFFEINE

Caffeine is the most widely consumed psychoactive drug in the world; in the United

States, it is consumed daily by up to 80 percent or more of the adult population
{Childs and deWit, 2012). It belongs to a family of substances called xanthines that

also includes theophylline and theobromine. These substances stimulate the central
nervous systerm, act on the kidneys io ﬁrodu ce diuresis (urine), stimulate cardiac

muscle, and relax smooth muscle.

Caffeine occurs naturally in the coffee bean (which is actually a seed) {Coffea
arabica from Arabia), the tea leaf {Thea sinensis from China}, the kola nut {Cola
nitida from West Africa), and the cocoa bean {Theobroma cacao from Mexico). Tea
actually contains more caffeine.than coffee by dry weight but, because it is brewed
more weakly, there is less caffeine in a standard sei*ving. {In 1688, the Dutch began
the cultivation of coffee on the iéland of Java. It is this association with coffee
production that led to the nickname “java” for a good cup of coffee!) The reason why
caffeine is found in so many {at least 60) plants is not known for certain, but it is
speculated that it serves as a pesticide, because caffeine i3 toxic to the larvae of

several insects. In addition to insects, caffeine is toxic to birds, dogs, and cats.

In addition to these organic sources, caffeine is often added to soft drinks,
bottled water, candies, and medications (Table 6.1). In particular, since the
introduction of the energy drink Red Bull (in Austria in 1987 and the United States in
1997), many other brands of 'energjf drinks have been marketed, containing about 80
milligrams of caffeine per serving with a range of 50 milligrams to 550 milligrams

per can or bottle, although they may not list the caffeine content on the label (Ishak

conttent in energy drinks and other heverages).

TABLE 6.1 Caffeine content in
beverages, foods, and medicines

ms



Tea {6 oz.}

Black tea 25-119 mg '
Oolong tea 12-B5mg -
Green tea £-15mg

Coffes {8 02.}

Brewed 135-150 mg
Instant 80-100 mg
Decaffeinated 1-25mg

Sodas {12 oz.}

Coke 46 rog

Pepsi 38 mg
Jult B2 mg
Fountain Dew 52 mg
Surge 52.5mg
Other

Chocolate bar (50 gm] | 20mg
Covoa (5 oz.) 2=20mg
Hot chocolate (220 mlL) 4mg
Yivarin (1 tablet) 200 mg
Espresso drinks

Latte . h ?.e:..mg '

AercoShot Pure Energy, the first caffeine mist product available to consumers,
came in a small tube-—resembling an asthma inhaler—and gave a 100-milligram shot
of caffeine as well as assorted B vitamins when inhaled. It was recommended to be

used no more than three times per day. As a dietary supplement, AeroShot didn't
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require FDA approval, but the FDA issued a warning letter in March of 2012 about its
dangers. In comparison, the average cup of coffee contains about 135 milligrams
and, among regular caffeine users, daily intake averages between 200 and 500
milligrams, correlating with two to five cups of coffee daily.d

The Food and Drug Administration {FDA) classifies caffeine as “generally
recognized as safe,” but only in beverages containing up to 0.02 percent caffeine.
Yet caffeine powder, which is sold as a E.iietary supplement, is unregulated. The
FDA's official stance is that up to 400 milligrams per day of caffeine is safe for
consumers. To date, caffeine may be added to beverages and food as long as it is
listed in the ingredients panel, although the amount of caffeine is not required to be
stated.

Ironically, in 1911, the FDA seized 40 kegs and 20 barrels of Coca-Cola SYrup
because the caffeine was considered a signtificant health hazard. By that time, the
cocaine and alcohel had already been removed. The case dragged on for years until
Coca-Cola eventually reduced the amount of caffeine and the legal action was
dropped {(Sepkowitz, 2003).

Pharmacokinetics

Taken orally, caffeine is rapidly and completely absorbed. Significant blood levels
are reached after oral ingestion in 15 to 20 minutes and 99 percent is taken up within

rsadd, 2011). Caffeine is soluble in both water and oil; therefore, it is

45 minutes (Pe
equally distributed throughout the body and the brain and, like all psychoactive
drugs, freely crosses the placenta to the fetus,

Kavouras, 2005) and is extended by alcohol and other medications, in infants,
women taking oral contraceptives, pregnasnt womer, the elderly, and patients with
chronic liver disease. Conversely, in cigarette smokers, caffeine’s half-life is
shortened; however, when smoking is terminated, caffeine’s half-life increases, The
reduced metabolism of caffeine can increase plasma caffeine levels and may
contribute to cigarette withdrawal symptoms in heavy coffee drinkers, particularly
because caffeine can induce or intensify anxiety disorders such as panic disorder
(Lambert et al., 2006),
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The structure and metabolism of caffeine are shown in Figure 6.1. The two major
metabolites of caffeine, paraxanthine and theophylline, behave similarly to
caffeine; a third metabolite, theobromine {the main alkaloid in chocolate), does not.
Because theophylline relaxes the smooth muscles of the bronchi, it is used to treat
asthma. Caffeine is metabolized in the liver by the CYP-1A2 subgroup of hepatic

drug-metabolizing enzymes. Certain selective serotonin reuptake inhibitor (SSRI})

antidepressants, such as fluoxetine and fluvoxamine (see Chapter 12), are potent
inhibitors of CYP-1A2, and people taking these antidepressants can exhibit
unexpected toxicity or intolerance to caffeine as plasma levels of caffeine rise,

including de novo production of “caffeinism” (defined below), with severe anxiety
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FIGURE 6.1 Metabolise of caffeine to th res gndd products,
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Pharmacological Effects

There is a wide disparity in reactions to caffeine. Research on caffeine
pharmacokinetics provides an explanation. It has been reported that the gene that
controls caffeine’s metabolic enzyme comes in several varieties. One version of this
gene increases the rate atf which caffeine is metabolized. If an individual receives a
copy of this variant from both parents, that person will break down caffeine four
times faster than someone who received a slow gene variant from at least one
parent. The former group is termed “rapid caffeine metabolizers” and the latter

group is termed “siow caffeine metabolizers” Comelis and colleagues {2006} set out

to determine the consequences of inheriting these gene variants for the risk of
having a heart attack. They analyzed data from 4000 adults, half of whom had a
prior heart attack. When the data from all the participants were combined, drinking
4 or more cups of coffee a day increased the risk of a heart attack by 36 percent. If
the data for the slow metabolizers were removed and only the data from the fast
metabolizers analyzed, then the risk was not increased. In fact, fast metabolizers
had a reduced risk. Interpretation of the data suggests that the longer duration of
caffeine exposure in the slow metabolizers increases the risk of heart attacks,
whereas the quick elimination of caffeine by fast metabolizers reduces this adverse

side effect while permitting other substances to exert beneficial actions.

Palatini and colleagues (2009} found a sitnilar result for hypertension: slow
metabolism was associated with a greater likelihood of hypertension and fast
metabolism with a lesser likelihood. These results may have relevance for the well-
known beneficial effects of caffeine on physical performance. Specifically, the data
suggest that athletes who are fast metabolizers may have an advantage in
endurance sports, This speculation was supperted by a study that found caffeine led
to a greater improvement of 4 minutes in fast metabolizers compared to 1 minute in
slow metabolizers on a stationary bike race of 40 kilometers (Womack et al., 2012).
Even the pleasurable aspects of caffeine were found to be associated with gene
variants,; in 2015, eight different versions of the gene were discavered that increased

the likelihood of consuming coffee (Coffee and Caffeine Genetics Consortium, 2015).

These outcomes may hint at why some people find coffee unappealing while others
depend on it to start the day.

Beneficial Effects of Caffeine

513




may be reproduced or transmitted without publisher's prior p_ei"‘missi‘op-. Viplators will l__‘nq_‘prols.é-cﬁtedv.
There is mounting evidence that the world’s most widely used stimulant has a
variety of positive effects on both mental and physiological processes. In fact, a
large study found that people who drank four to five cups of coffee a day reduced
their overall risk of death by 12 {in men) to 16 percent {in women) (Freedman et al.,
2012). Nevertheless, there is concern in regard to the adverse effects of increasing
consumption of caffeine, especially by young people using energy drinks,
particularly when combined with alcohol, such as in bars (Red Bull and vodka),
premixed {Four Loco), mixed individually, or drunk separately (Howland and
Rohisenow, 2013).

Cardiovascular Function. In spite of the fact that caffeine consumption can
transiently raise blood pressure when taken in coffee, the blood pressure elevations
are small, and long-term risks may be mitigated by compensatory actions. In fact, -
drinking moderate amounts of coffee is linked to lower rates of pretty much all
cardiovascular disease. Cardiovascular disease risk as a function of chronic Ioﬁg-
term coffee ingestion was evaluated in a meta-analysis, which included 36 studies
and a correspondingly large pool of over 1,270,000 subjects, It was found that three
to five cups of coffee per day, which constituted a modest intake, was associated
with the least cardiovascular risk. If five or more cups were drunk daily, the risk was
the same as if no coffee was consumed (Ding etz al., 2(14). Moreover, in a small trial

conducted in heart faflure patients, 100 milligrams of caffeine ingested hourly for

five hours did not induce arrhy“rhmias, even during exercise (Zuchinali et al., 2016).

Coffee drinkers were also less likely to have calcium in their coronary arteries
than nondrinkers, with the lowest levels occurring in people who drank three or
tour cups daily {Chol et al., 2015). There is also no evidence that frequemnt
consumption of caffeine-containing foods, including coffee, tea, or chocolate, has
any impact on premature atrial contractions {PACs) and premature ventricular

contractions {PVCs) (Dixit et al.. 2016; Wilson and Bloom, 2016).

While caffeine dilates coronary arteries, it exerts an opposite effect on cerebral
blood vessels; it constricts these nresselé,, thus decreasing blood flow to the brain by
about 30 percent and reducing pré’ssuré within the brain. This action can produce
striking relief from headaches, especially migraines, and is the reason why it isan

ingredient in some analgesics.

Gastrointestinal. Regular coffee drinking has been shown to improve glucose
metabolism and insulin secretion, and significantly reduce risk for type 2 diabetes

(Eloggel et al, 2012; Huxley et al,, 2009). A statistical correlation between high
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consummption of black tea and low prevalence of type 2 diabetes across 50 countries
has also been reported (Beresniak et al., 2012). Preliminary data also showed that

overweight patients treated with unroasted coffee beans in supplement form lost an
average of 17 pounds over 22 weeks. The authors speculated that the weight loss
may be due in part to coffee containing chlorogenic acid, a plant compound with

antioxidant properties thought to reduce glucose absorption {Vinson et al,. 2012).

Compared with people who drank no coffee, those who drank three cups a day,
whether decaffeinated or not, were about 25 percent less likely to have abnormal
liver enzyme levels (Xiao at al., 2014).

Cancer. Evidence suggests that moderate-to-heavy coffee consumption {three to six

cups a day across studies) can reduce the risk for numerous cancers, including

endometrial {Je et al., 2011}, prostate (Wilson et al., 2011), head and neck (Galeone

gtal.. 2010), basal cell carcinoma (Song et al,, 2012), colon (Schumit et al., 2016}, and

estrogen receptor-negative breast cancer (I et al., 2011). These protective effects
are believed to be at least partially due to coffee’s antioxidant and antimutagenic

properties (Je et al., 2011; Turati et al., 2011). Other reported benefits include

protection against liver diseases {Molloy et al., 201.2), decreased risk for gout (Payk
et al., 2016; Zhang et al., 2016), and a possible antimicrobial effect (Matheson et al.,
2011}

Neurological. Numerous studies, including six large prospective studies, have
supported a protective effect of caffeine against Parkinson's disease in both men
and women (James et al., 2011; Liu et al,, 2012). Tt does not matter if the caffeine is in

coffee or tea (but decaffeinated coffee is not effective). Gaffeine intake significantly
reduces the risk of Parkinson's disease tnuch more in those with high genetic

susceptibility compared to those with low genetic susceptibility (Kumar et al, ,.2018).

Furthermore, no study has ever found that coffee increases the risk of Parkinson's

disease.

Patients with the highest levels of coffee consumption, four to six cups per day,
had significantly lower risks of developing multiple sclerosis (MS) (33 percent
reduction compared with those who drank no coffee) over various titne periods
{according to an early release abstract from the 2015 American Academy of
Neurclogy meeting). Lower odds of MS with increasing consumption of coffee were

observed, regardless of whether coffee consumption occurred at disease onset or 5
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Cognition and Mental Health. Numerous epidemiological studies indicate that the
risk of developing Alzheimer’s disease is reduced by a lifetime of consistent
consumption of cotfee, and that three to five cups a day are optimum for producing

the protective effect (Arab et al., 2013; Cao et al., 2012}, The protective effect is

thought to be due to coffee’s polyphenols as well as caffeine. Both of these
substances are anti-inflammatory and preserve neurons associated with memory
{Magsallo et al., 2014). The development of neurofibrillary tangles and amyloid
plaques, which are the main Alzheimer's markers, are also thought to be prevented

by caffeine (I et al., 2014). Even acute administration of 200 milligrams of

caffeine was found to improve memory of pictures in humans (Borota et al., 2014),

while a single dose of 60 milligrams enhanced attention and alertness in adults

(\¥ilhelaus et al., 2016). Furthermore, Slierman and colleagues (2016) reported

memory improvement in college-age adults when they drank coffee in the morning,
which was their nonoptimal time of day, but not in the afternoon. This was not due
to an increase in physiological arousal or a general expectancy bias, In fact, because

of its cognitive-enhancing possibilities, it has been argued that caffeine should be

reassessed for the treatment of ADHD (Ieannidis et-al,, 7014). Moreover, it has heen
reported that honeybees given caffeine paired with sugar water were three times
more likely to remember a learned floral scent after 24 hours than bees given just
the sugar water. Caffeine occurs naturally in the nectar of Coffea and Citrus plant
species, and it may be that the caffeine in their nectar improves the likelihood that
their pollen will be distributed (Wright et al., 2013)!

Coffee consumption might alse benefit mental health (Lucas et al,, 2011). Women
who drank two to four cups of coffee per day had a 15to 20 percent decreased risk
for depression compared with those who drank less than one cup per week. There
was 1o association with depression and decaffeinated coffee. This is perhaps not
surprising, because caffeine is a psychostimulant and is usually taken because of its
activation of mood and behavior At low doses, caffeine increases subjective arousal
and physical endurance, improves concentration, elevates mood, and enhances

performance on simple motor {such as driving simulation) and cognitive tasks,

on laboratory tasks of mermory and cognition, While this effect might be due to the

fact that these drinks also contain a lot of sugar (glucese) (Ishak et al., 2012; Wesnes

et al., 2016), evidence points to caffeine, rather than taurine or glucose, for reported

changes in cognitive performance following consumption of energy drinks,

especially in caffeine-withdrawn habitual caffeine consumers {Giles et al., 2012). In
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a rare stucly of “real-world” conditions, it was found that long-haul truckers who

reported that they used caffeinated drinks to stay awake had a 63 percent reduced
likelihood of crashing compared with drivers who did not take caffeinated products

(Sharwood et al,, 2013).

Other Physiological Actions, Other physiclogical actions of caffeine include
bronchial relaxation (an antiasthmatic effect), increased secretion of gastric acid
{(which can promote gastric reflux), and increased urine output {although this may

become tolerant in habitual users).

University of Texas scientists reported that men who consumed 85 to 303
milligrams of caffeine per day (equal to the caffeine in approximately two to three
cups of coffee) were up to 42 percent less likely to report the occurrence of erectile
dysfunction than men who consumed less than 75 milligrams (about one cup of
coffee). The results may be due to the fact that caffeine relaxes penile arteties,

which causes an increase in blood flow {Lopez, et al., 2015}.

Although the emphasis here has been on caffeine, similar beneficial effects have
heen reported for tea and cocoa. Tea may improve working memory {(Sclymidt et al.,

2014) and may have some modest metabolic, cardiovascular, and antidiabetic

benefits {Sae-1ai ef al,, 2014). Those who drank tea were less likely to have

hepatocellular carcinoma, liver steatosis, liver cirrhosis, and chronic liver disease.
Laboratory tests show that chemical components of green tea inhibit cancer cell
migration (Seo et al., 2016). Tea has also been associated with a lower risk of

depression {Caryoll, 2015).

Recent studies have reported the benefits of theobromine, which may have
antitumor, anti-inflammatoery, or cardiovascular potential without the undesirable
side effects of caffeine. While the main mechanisms of action of theobromine, fike
caffeine, are inhibition of phosphodiesterases and blockade of adenosine receptors,
it also has other important nonadenosinergic, antioxidant, actions (Martinez-Pinilla
gtal, 2013).

Adverse Effects of Caffeine

Most people adjust, or titrate, their intake of caffeine to achieve the beneficial
effects while minimizing undesirable effects. Heavy consumption of coffee (12 or

more cups pet day or 1.5 grams of caffeine) can cause agitation, anxiety, tremors,

— a a P -~ am . - -
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rapid breathing, and insomnia. The lethal dose of caffeine is about 10 grams,

although ingestion in a short period of time of only 3 grams might be fatal; a blood
level of 80 micrograms or more is considered potentially lethal {Sepkowitz, 2018).
There are documented cases of seizures and deaths associated with caffeine

consumption in energy drinks (and caffeine pills), which may be exacerbated by

sleep deprivation (Ishak et al., 2012; Szpak and Allen, 2012). It has been reported
that within 30 minutes of consuming an energjf drink, a person's systolic blood
pressure may increase by an average of 6.2 percent, compared with 3.1 percent
after consuming a placebo drink. The energy drink also increased diastolic blood
pressure (6.8 versus 0 percent) and serum norepinephrine levels (74 versus 31

percent} {Svatikova et al., 2045).

The FDA limits caffeine content in soft drinks, but energy drinks do not always fit
into that classification and, depending on the manufacturer, may be categorized as
dietary supplements, because they contain “natural” substances such as ginkgo or
other herbs, which are not regulated by the FDA.

According to results of Lipshultz and colleagues (2013), energy drinks such as
Red Bull are involved in more than half of the calls to poison control centers in the
United States involving children less than 6 years old. Some of these children suffer
from seizures and heart problems. In most of these incidents, the drinks were
accidentally consumed, Nevertheless, nearly a third reported serious symptoms
such as tremers, nausea, vomiting or chest pain, and erratic heart rhythms. The
American Medical Association recommends limited sales to people younger than 18
{Seifert et al., 2013}, '

People with anxiety disorders such as panic and social anxiety disorder tend to
be sensitive to the anxiogenic properties of caffeine, especially if they usually avoid
caffeinated products and do not develop a tolerance to caffeine’s effect, but high
doses can produce anxiety even in people without such disorders. The wide
variability in sensitivity to the anxiogenic effect of caffeine may be due to
differences in caffeine metabolism or in the amount of adenesine receptors through
which caffeine exerts its effects {discussed below) (Childs and deWit, 2012).

Caffefuism is a clinical syndrome produced by the overuse or overdoses of
caffeine, Central nervous system (CNS) symptoms include increases in anxiety,
agitation, and insomnia, as well as mood changes. Peripheral symptoms include
tachycardia, hypertension, cardiac arrhythmias, and gastrointestinal disturbances.

Caffeinism is usually dose related, with doses higher than about 300 to 1000
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milligrams {1 gram, or five to ten cups of coffee) causing the most unpleasant

effects. After prolonged or high doses, caffeine can produce psychosis in otherwise
healthy people, especially during periods of increased stress, and worsen this

condition in people with schizophrenia (Childs and deWit, 2012; Crowe et al., 2011;

Persad, 2011). Cessation of caffeine ingestion resolves these symptoms.

There is also some controversy in regard to the practical benefit obtained from
the use of caffeine to increase alertness. While frequent consumers may feel more
alert after consumption, evidence suggests that this may be due to the reversal of
acute withdrawal effects (Rodgers et al., 2010).

Perhaps the most concerning adverse effect of caffeine is its effect on sleep and
the consequences of the combined useof energy drinks and aleohol on alertness
and risky behavior. Although caffeine reduces fatigue and improves attention, it
disturbs sleep. Even when taken duz’ing the day and certainly before bedtime,

caffeine may impair the duration and quality of sleep and cause repeated

awakenings (Childs and deWit, 2012; Burke et al., 2015). Compared to young adults,
middle-aged adults are generally more sensitive to the effects of a high dose of
caffeine on sleep quantity and quality (Robillayd et al., 2015). While caffeine can

reduce some of the motor impairment, sedation, and intoxication produced by

sexually risky behaviors, marijuana use, fighting, prescription drug abuse, alcohol

abuse, and cigarette smoking (Ishak et al., 20£2). The fact that caffeine enhances
alcohol tolerance and can counteract some symptoms of a hangover may also
contribute to subsequent aleohol dependence (Childs and deWir, 2012).
Nevertheless, since 2010, the FDA has regarded drinks containing both caffeine and
alcofiol as dangerous hecause the caffeine masked some of the cues that people

used to tell if they were intoxicated,

In 2014, almost 17 million pounds of caffeine powder was imported into the
United States (Carpenter, 2015). Caffeine is commonly synthesized in

pharmaceutical factories, because it is less expensive than extraction from coffee
and tea plants. The majority of this large quantity of caffeine powder winds up in
soft drinks, particularly in the most successful and popular brands. Regulation of
caffeine differs, depending on the type of product to which it is added. Caffeine is
an ingredient in dietary supplements {energy drinks), in foods and beverages, and
in over-the-counter medications (NoDoz), as well as in prescription medications,

particularly in drug therapy for migraine headaches,
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Pure powdered caffeine—readily available from tohacco shops and the Internet
for over the past decade—was packaged in the same way as protein powder and
often marketed as a source of energy rather than as a stimulant. The reality is that
these products are 100 percent caffeine, with a single teaspoon roughly equivalent
to the amount in 25 cups of coffee. Ten grams, about a tablespoon, is a lethal dose
for an adult—symptoms include rapid, erratic heartbeat, and seizures. The FDA
responded to these products by posting a consumer advisory warning of the danger
{Landa, 2014) and, in 2015, by sending warning letters to five producers of caffeine

powder.

Did You Know?
Pure Powdered Caffeine Fatalities

Caffeinie ts usually thought of as & retatively safe drug with minimal risk of overdose,
Urdortunately, the availabilivy of pure powdersd cafleine proves this to be sn srroreous and
dangerous assumption, in 2014, two young men, Logan James Stiner and James Wade Sweatt,
died after ingesting ton much of this stimulant, Mr. Stiner was an 18-year-cld senior in high
school, an athlete and prom king who was graduating in a few davs. Wanting to increase his
erergy, he used cafeine powder that a friend had purchased through Amazon. Mr. Sweatt, 24
years oid, had recently married andju's.t:gracl'umed fom the University of Alsbama at
Birmingham. He took the caffeine powder to avoid the sugar and sodium added to sodas and
energy drinks. Each young man miscalculated the amount of the drug he took and died of an
overdose, The official cause of death stated for Mr. Stiner was "cardiac arrhythmia and sefzure,
due to acute cafferne toxiciy dﬁe to excessive caffelne ingestion.” in October 2004, two 1.8,
senators, Sherrod Brown of Ohio and Richard Blumenthal of Connecticut, wrote to fthen) FDA

Cormmissioner Margaret Hamburg, arguing that the product should be banned by the FDA,

Mechanism of Action

Caffeine acts primarily by blocking all subtypes of adenosine receptors Ay, Ay, A,
and A,y. The structure of adenosine is shown in Figure 6.2. Adenosine iz a
pewrpmodulator that influences the release of several neurotransmitters in the
CNS. There do not appear to be discrete adenosinergic pathways in the CNS; rather,
adenosinergic neurons form a diffuse system. Adenosine levels usually increase
during the day and exert a sleep—inducing effect in the brain. By blocking adenosine
receptors, caffeine promotes wakefulness; it increases respiratory and heart rates,

constricts blood vessels, and releases monoamines and acetylcholine.
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FIGURE 6.2 Structure of adenoging. ote the similarity of adenosine o caffeine {shown in

it

In the striatum, type 2 adenosirie receptors and type 2 dopamine receptors may
combine to form a complex called a heferomer. When adenosine levels increase
during the day, the molecules of adenosine act on this heteromer and reduce the
effect of dopamine on its {associated) receptor. Caffeine blocks these adenosine
receptors, which increases dopaminergic function. This may be one reason that
caffeine has a beneficial effect in regard to Parkinson's disease (Bonaventura et al.,
9015; Fervé et al., 2016). | |

Caffeine does not induce a release of dopamine in the nucleus accumbens; it
leads to a release of dopamine in the prefrontal cortex, which is consistent with the
drug’s alerting effects and mild behavioral reinforeing properties. In addition to the
direct effects of caffeine on adenosine receptors, paraxanthine, the primary
metabolite of caffeine in humans, increases locomotor activity as well as
extraceltular levels of dopamine through a phosphediesterase inhibitory

mechanism {Ribeiro and Sebastido, 2010).

Repmduttwe Effects

Caffeine is consumed by at least 75 percent of pregnant women, but whether it is
safe to ingest during pregnancy is an unresolved issue. As early as 1980, the FDA
cautioned pregnant women to minimize their intake of caffeine. Recent reports
have explored the connection between caffeine intake and rates of miscarriage
{Poliack et al., 2010), fetal growth restriction {CARE Study Group, 2008}, birth

weight, and leneth of gestation (Tahanfar and Sharifah. 2008). In ceneral. while data
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epidemiological study found caffeine intake (200 to 300 milligrams per day) was
consistently associated with decreased birth weight and increased odds of being
small for gestational weight (Sengpiel et al., 2013). Caffeine itself does not appear to
be a human teratogen, nor does it appear to affect the course of normal labor and
delivery (Brent et al., 2011). One recent study, however, found that the aduit
offspring of mice that had been treated with caffeine while pregnant did have some
neurological abnormalities, cognitive deficits, and increased susceptibility to
seizures (Silva et al., 2013). Current U.8. recommendations generally advise that
pregnant women limit daily intake to ahout 200 milligrams or less (300 milligrams
per day per the World Health Organization),

Tolerance and Dependence

Chronic use of caffeine, even in regular daily doses as low as 100 milligrams, is
associated with habituation and tolerance, and discontinuation may produce low-
grade withdrawal symptoms. Because tolerance and dependence can oceur rapidly,
even after low doses, most habitual users are probably physically dependent to
some degree. Individuals may become tolerant to several actions of caffeine,
including diuresis, blood pressure increases, sleep disturbance, and other
physiological responses, as well ag subjective sensations. Tolerance is more likely
with high doses of 750 to 1200 milligrams, while low doses may not produce
complete tolerance (Meredith et al,, 2013).

People who drink a great deal of coffee complain of headache (the most common
symptom), drowsiness, fatigue, and a generally negative mood state on withdrawal,
Impaired intellectual and motor performance, difficulty with concentration, and
drug (caffeine) craving are also reported. Withdrawal symptoms typically begin
slowly, maximize after one or two days, and cease within a few days;
readministration of caffeine rapidly relieves withdrawal symptoms.

Caffeine use disorderis recognized as a diagnosable condition in the DSM-5 and
three of the most significant indices from the nine criteria must be present for this
diagnosis: (1) chronic craving or an inability to decrease or eliminate caffeine
consumption; (2) maintained use, even after recognizing that caffeine has caused or
worsened some type of mental or physical problem; and (3) elicitation of
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epidemiological study found caffeine intake {200 to 300 milligrams per day) was
consistently associated with decreased birth weight and increased odds of being
small for gestational weight (Sengpiel et al., 2013). Caffeine itself does not appear to

be a human teratogen, nor does it appear to affect the course of normal labor and
delivery (Brent st al., 2011). One recent study, however, found that the adult
offspring of mice that had been treated with caffeine while pregnant did have some
neurological abnormalities, cognitive deficits, and increased susceptibility to
seizures (Silva et al., 2013). Current U.S. recommendations generally advise that
pregnant women limit daily intake to about 200 milligrams or less (300 milligrams
per day per the World Health Organization).

Tolerance and Dependence

Chronic use of caffeine, even in regular daily doses as low as 100 milligrams, is
associated with habituation and tolerance, and discontinuation may produce low-
grade withdrawal symptoms. Because tolerance and dependence can occur rapidly,
even after low doses, most habitual users are probably physically dependent to
some degree. Individuals may become tolerant to several actions of caffeine A
including diuresis, blood pressure increases, sleep disturbance, and other
physiological responses, as well as subjective sensations. Tolerance is more likely
with high doses of 750 to 1200 milligrams, while low doses may not produce
complete tolerance {(Meredith et al., 2013).

People who drink a great deal of coffee complain of headache (the most common
symptom), drowsiness, fatigue, and a generally negative mood state on withdrawal.
Impaired intellectual and motor performance » difficulty with concentration, and
drug (caffeine) craving are also reported. Withdrawal symptoms typically begin
slowly, maximize after one or two days, and cease within a few days;

readministration of caffeine rapidly relieves withdrawal symptoms.

Caffeine use disorderis recognized as a diagnosable condition in the DSM-5 and
three of the most significant indices from the nine criteria must be present for this
diagnosis: (1) chronic craving or an inability to decrease or eliminate caffeine
consumption; (2) maintained use, even after recognizing that caffeine has caused or

worsened some type of mental or physical problemy; and (3] elicitation of
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withdrawal symptoms or the prevention of withdrawal by continued consumption
(Metedith et al,, 2013).

NICOTINE

Epidemiclogy and Public Policy

Nicotine is one of the three most widely used psychoactive drugs in our society,
along with caffeine and ethyl alcohol. Despite the fact that it has no current
therapeutic applications in medicine, nicotine’s widespread use and its well-
established toxicity give it immense importance. Tobacco use continues to be the
leading cause of preventable death and disease in the United States with about 45
million smokers, more than 400,000 premature deaths, and 300 billion dollars in
health care expenses and lost productivity (Mohamed et al,, 2015),

After stalling for several years, smoking rates started to fall after 2009 when,
among many other tobacco-control interventions, the federal cigarette tax was
increased, followed by the 2012 launch of the first federally funded mass media
campaign aimed at redicing tobacco use (see Fiore , 2016 for a discussion). Smoking
rates among adults in the United States fell to record lows in 2015, dropping to 15.1
from 16.8 percent in 2014, according to the Centers for Disease Control and
Prevention in an early release of data from the National Health Interview Survey,
2015. Nevertheless, one in four adults still uses tobacco products at least
occasionally, the CDC reported, and the use of tobaceo products by youth,
particularly snus, hookahs, and e-cigarettes, continues to increase.

The Family Smoking and Prevention and Tobaceo Control Act became law in
June 2009 and gave the FDA authority to regulate the manufacture, distribution, and
marketing of cigarettes and several other tobacco products. However, this initial
order did not include e-cigarettes, cigars, hookahs, pipe tobacco, or nicotine gels
and dissolvables; these were added on August 8, 2016. Health warnings were also
added to several tobacco products and free samples were banned. Products that
entered the market after February 15, 2007, must be authorized by the FDA before
they can be sold. Furthermore, tobacco products cannot be sold to individuals
younger than 18 and require a phota ID to vérify age. Vending machine sales of
tobacco are only permitted in adult facilities. The law also provided support for
additional tobacco control regulations by the FDA in the future.
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This is just one of several significant developments regarding tobacco control.
Another is Tobacco 21, a national campaign aimed at raising the tobacco and
nicotine sales age in the United States to 21, produced and funded by the Preventing
Tobacco Addiction Founda tion, a public health nonprofit organization established in
1996. In September 2015, in a national initiative, the first federal Tobacco 21
legislation was introduced (Tobacco to 21 Act, §. 2100). Although in 2013 only 8 U.S.
localities had adopted Tobacco 21 laws, by March 2016 at least 125 localities and the
states of Hawaii and California had followed suit (Morain ot al., 2016).

A no-tobacco-sale order (NTSO) is an order prohibiting the sale of tobacco
products at a retail outlet, either indefinitely or for a specified time period (L.S,
Food and Drug Administration, Center foy Tobaceo Products, 2016). The law states

that this prohibition can be applied to a retailer who has vislated tobacco
restrictions five or more times over 36 months of compliance inspections. The FDA
filed NTSO restrictions for the first time in October 2015 against several stores after
numerous violations regarding the sale and distribution of tobacco products,
including sales to minors.

The importance of smoking prevention in youth was reinforced by several
reports concerning the long-term consequences of early onset smoking. Not
surprisingly, high rates of smoking initiation during adolescence were not only
associated with high lung cancer mortality decades later, but at a younger age than
would normally be expected {(Funatogaws et al,, 2612; Whitley ef al., 2012). Aside

from the physiological costs, there are social costs for smoking. In March 2013, the
University of Pennsylvania announced that beginning in July, it would no longer hire
tobacco users to work in its health care system; this was accompanied by two
articles that presented opposing views about the ethics of denying employment to
people who smoke {Asch et al.,, 2013 Schmidt et al,, 2013). In fact, unemployed

sinokers have a harder time finding work than job seekers who do not smoke, and
researchers reported that smokers earn less than nonsmokers when they do become
employed (Prochaska et al., 2016).

While nearly 70 percent of adults who smoke report wanting to quit and more
than 50 percent reported making an attempt to stop in the year before they were
questioned, only a little over 6 percent were successful (Malarcher et al., 2011}, For

those who succeed, however, the benefits of quitting can be dramatic. Life
expectancy can increase on average from 10to 4 years in those who quit between 25

and 64 years of age, respectively (Schroeder, 2013). Moreovey, the cardiovaseular
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benefits of quitting are not reduced even if those who quit subsequently gained
weight (at least, if they did not have diabetes) {Clair et al,, 2013).

Pharmacokinetics

Although more than 4000 compounds are released by burning cigarette tobacco,
nicotine is the primary addictive substance and is responsible for tobacco
dependence. The other compounds produce the adverse long-term cardiovascular,
pulmonary, and carcinogenic effects of cigarettes.

Nicotine is readily absorbed from every site on or in the hody, including the
lungs, buccal and nasal tnucosa, skin, and gastrointestina] tract. Easy and complete
absorption promotes the recreational abuse of smoked or chewed tobacco as well as
its therapeutic use in treating nicotine dependency in chewing gums, nasal Sprays,
transdermal skin patches, and smokeless inhalers.

Nicotine is suspended in cigarette smoke in the form of minute particles (tars)
and is quickly absorbed into the bloodstream from the lungs when the smoke is
inhaled, although absorption is much slower than once thought and arterial
concentrations of nicotine rise rather slowly. It is likely that blood rapidly saturates
with nicotine and blood leaving the lungs {to the left side of the heart) can carry
only a modest amount of drug. Thus, the arterial concentration rises slowly, even
theugh blood carried to the brain at the initiation of smoking is nearly saturated
with nicotine, accounting for the early “rush” perceived with the first cigarette.

The average cigarette contains about 8§ to 10 milligrams of nicotine, but only
about 20 to 25 percent of that amount enters the bloodstream. Because a cigarette is
typically smoked in 10 puffs and within 5 minutes, the average smoker will absorb 1
to 2 milligrams of nicotine, but absorption can range from 0.5 to 3 milligrams. In a
typical day, the average smoker absorbs anywhere from 20 to 40 milligrams,

The lethal dose for the average adult has typically been reported as 60
milligrams, but more recently suggested to be between 500 and 1000 milligrams of
ingested nicotine. A smoker can readily avoid acute toxicity because inhalation as a
route of administration offers exceptional controllability of the dose. By controlling
the frequency of breaths, the depth of inhalation, the time the smoke is held in the
lungs, and the total number of cigarettes smoked, the smoker regulates the rate of
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drug intake and controls the blood level of nicotine. (People who harvest or
cultivate tobacco may experience green tobacco sickness, a type of nicotine

poisoning caused by dermal exposure to wet tobacco leaves).

Characteristically, smokers walke in the morning in a state of nicotine deficiency,
smoke one or more cigarettes fairly rapidly to achieve a blood level of about 15
milligrams per liter, and continue smoking through the day to maintain this level.
The elimination half-life of nicotine in a chronic smoker is about two hours,
necessitating frequent administration of the drug to avoid withdrawal symptoms or
drug craving. When nicotine is administered in the form of snuff, chewing tobacco,

‘or gum, blood levels of nicotine are comparable to the levels achieved by smoking.

The liver metabolizes approximately 80 to 90 percent of the nicotine, primarily
by the CYP-246 enzyme. People in whom the CYP-2A6 enzyme is absent (or
inhibited by certain drugs) have higher blood levels of nicotine and lower levels of
its metabolite. The constituents of tobacco smoke, however, also induce hepatic
enzymes CYP1Al, 1A2, and possibly 2E1, which are involved in the metabolism of
many hormones and drugs, such as caffeine, estrogen, some antidepressants, and
other psychotropic agents (Fapkhauser, 2013). As a result, smoking may reduce

levels of these medications and smoking cessation may increase blood levels,

especially in moderate or heavy smokers (10 or more cigarettes a day).

The primary metabolite of nicotine is cotinine, which serves as a marker of both
tobacco use and exposure to environmental smoke, and is often used to measure
tobacco consumption in laboratory experiments. There is some evidence that
although cotinine itself is nonaddictive and has no cardiovascular effects in

humans, it might have some anxiolytic and cognitive benefits (Moragn, 2019).

Mechanism of Action

Nicotine exerts virtually all its CNS and peripheral effects by activating specific
acetylcholine receptors (nicotinic receptors; nAChRs). These are divided into two
groups: muscle receptors, found on skeletal (voluntary) muscles, and neuronal
receptors, located throughout the peripheral and central nervous systems.
Neuronal nicotinic receptors are composed of five subunits arranged around a
central pore (which is termed a pentameric arrangement), like segments of an

orange {see Chapter 3). A dozen proteins, labeled a,_1q and Py, serve as subunits in
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nACh receptors. The most abundant and widely distributed nACh subunit proteins
inthe brain are the «, and Bz subunits, Animal and human imaging studies have
shown that nACh receptors consisting of two a, and three B2 subunits are critical for
the rewarding effects of nicotine (Eigure 6.3). Because nicotine stimulates these
receptors, it is classified as an agonist. But while stimulation oecurs at low doses,
nicotine at high doses can block the re ceptors and thus has a biphasic action. In
addition, within the time it takes to finish smoking a single cigarette, these nicotinic
receptors become desensitized; that is, they temporarily do not respond to nicotine
or acetylcholine. During the day, tolerance develops as nicotine builds up in the
smoker’s body, but this is lost overnight when the user is not smoking, which
contributes to the powerful effect of the first cigarette of the day.

o iy ot By B
This suhunit arrasymemerns This sulmnit arean pament This subunit 2ctangement
Topresents the most commonly of nicotinic recepor is of nicotinic recoptor s made
fnd nicotinic recepar Terunad iin only 2 few brain sices, up of anly one type of subumis
and the most siudied.

Advokat/Comaty/Julien, Jufien's Primer of Drug Action, 14e, © 2019 Worth Publishers

FIGURE 6.3 Biagram of the most common subtypes of the receptor for acetylcholine,

Menthol. Widely used asa flavoring in many products, menthol has been an
additive to tabacco cigarettes since 1996, Although the concentration of menthol in
cigarettes varies by brand, it is present in 90 percent of all tobacco products and
used to mask the harshness of inhaled smoke, make smoking easier, and provide an
oral sensation that appeals to many smokers. But smokers of menthol cigarettes are
less likely to quit and have higher relapse rates than smokers of nonmenthol
cigarettes, Recent studies may shed some light on the reason for this difference.

Chronic, long-term smokers of both menthol and unflavored cigarettes acquire
more receptors for nicotine, particularly in neurons involved in the pathways for
reward and motivation. But smokers of menthol cigarettes develop even more of
these receptors (910 28 percent more) than smokers of unflavored cigarettes. In
fact, even without nicotine, menthol increased the number of brain nicotinic
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receptors, especially in the ventral tegmental area, which is part of the dopamine
signaling pathway that mediates addiction. Studies show that menthol directly
reduces the activation of the nACh receptor by nicotine; that is, menthol decreases
the ability of nicatine to activate the nACh receptor (it is an allosteric modulator of
the nACh). Nicotine does not activate the receptor channel to the same extent when
coapplied with menthol (Henderson et al., 2016; Kabbani, 2013; Wickham, 2015),
Beginning in 2022, the European Union will ban menthol-flavored cigarettes and the

U.S. Food and Drug Administration is considering taking similar measures. In June
2017, the San Francisco board of supervisors voted unanimously to ban menthol-
flavored cigarettes and flavored tobacco products, effective April 2018.

Pharmacological Effects

Effects on the Brain

In the CNS, nAChRs are widely distributed and may be located on the presynaptic
nerve terminals of dopamine-, acetylcholine-, and glutamate-secreting neurons,
where their activation either directly or indirectly facilitates the release of these
and other transmitters, such as serotonin. Moderate smoking does not alter
dopamine synthesis in the striatum (Bloomfield et al., 2014). Instead, the rewarding

effect of the drug is believed to be due to the fact that nicotine increases dopamine
levels in the mesocorticolimbic reward system involving the ventral tegmentum,

nucleus accumbens, and forebrain (see Chapters 2 and 4), This may occur in three

ways. First, nicotinic receptors on the VTA dopamine neurons directly cause
dopamine release from these neurons onto the nucleus accumbens. Second,
nicotine causes glutamate to be released onto VTA neurons from glutamate neurons
originating in the frontal cortex (see Chapter 4}. Glutamate then stimulates the VTA

neurans to release dopamine. Third, nicotine desensitizes nicotinic receptors that
are on GABA neurons in the VTA. These receptors are normally stimulated by Ach to
release GABA onto VTA dopamine neurons, and GABA normally inhibits dopamine
release. When nicotine desensitizes the nAChRs, less GABA is released; the VTA is
less inhibited and releases more dopatnine. Moreover, it has been reported that in
laboratory animals, repeated periods of exposure to and subsequent withdrawal
from nicotine increased its rewarding value and also upregulated nicotinic brain

receptors. It was speculated that this phenomenon might be one reason why

smokers relapse frequently (Hilarig et al., 2012). Morel and rolleagues (2014
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identified a specific alpha subunit of the nicotinic receptor that is an important
regulator of nicotinic-induced dopamine activation and the genetic component that
controls the expression of that subunit. This links genetics to receptor structure and
to self-administration of nicotine.

Studies in humans found that the motivation to smoke (puff rate) predicted the
magnitude of dopamine release in the limbic striatum and the amount of dopamine
release was correlated with decreased craving and withdrawal symptoms. Results
also support the preferential involvement of the limbic striatum in the motivation
to smoke, anticipation of pleasure from cigarettes, and relief of withdrawal
symptoms (Le Foll et al., 2014). Volume, surface area, and shape of the striatum

were also related to measures of craving (Janes et al., 2015). The first demonstration

of tohacco smoking-induced cortical dopamine release in humans was shown by
Wing aund colleagues (2015). Studies in the mouse found that under certain
conditions, such as simultanecus intake of the two drugs, prior nicotine use
promoted cocaine self-administration. This result suggests how nicotine in praducts
such as e-cigarettes may be a “gateway” to other drug use (Kandel and Kandel,

20.4).

Nicotine-induced release of acetylcholine may improve cognitive performance
and may also be responsible for the arousal effects commonly seen with smoking.
Very few studies, however, have locked at nicotine’s effect on memory performance
in normal nonsmokers. There is some evidence for the improvement of working
memory in nonsmokers, but only under specific experimental conditions; one study
did find that nicotine patches improved some aspects of attention in nonsmokers
who had no preexisting cognitive impairments (Levin et al. 2006)‘. Such outcomes
have raised interest in the development of nicotinic drugs as “cognitive enhancers”
which might be beneficial in treating Alzheimer’s disease. There is stronger
evidence suggesting a protective role for nicotine receptors in Parkinson’s disease;
as with caffeine, tobacco smoking is associated with a reduced likelihood of
Parkinson's disease (Quik et al., 2012). The potential benefits of nicotine, its

metabolites, and related compounds for treating Parkinson's disease are discussed

by Barreto and colleagues (2015). High doses have toxic effects, but low doses may

be therapeutic.

Smoking and Mental Health. In the United States, individuals with mental disorders
account for 40 to 50 percent of all cigarettes consumed (Smith et al., 2014). Unlike in
those not mentally ill, smoking rates have changed little in the mentally ill (Caok et
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al., 2014). In fact, associations of smoking with drug and alcohol abuse, attention

deficit/hyperactivity disorder, bipolar disorder, and antisocial personality disorder
have each increased over the last decades (Talati et al., 2016). Moreover, tobacco

smoking is an independent risk factor for developing schizophrenia and
nonaffective psychoses with a dose-response association, although the risk is much
lower for bipolar disorder (Kendler et al., 20L5). Patients with schizophrenia, bipolar
disorder, or depression also have a significantly increased risk of tobacco-related

mortality (Callaghan et al., 2014) and of being diagnosed with nicotine withdrawal

syndrome (Smith ef al., 2014). Conversely, smokers reported more frequent
symptoms compared with nonsmokers of depressed mood, poor sleep, low energy,
hopelessness, lack of appetite, lack of interest, and trouble concentrating (Parikly et
al,, 2014}. Smoking is alse associated with an increased risk of panic attacks and
quitting smoking helps to reduce such attacks (Bakhshaie et al., 2016},

The good news is that smoking cessation treatment can be effective in people
with mental illness, even with comorbid substance abuse, and can improve the
psychiatric condition (Cook et al., 2014; Taylor et al., 2014). Adding smoking

cessation treatment to the treatment for illicit stimulant use did not worsen the
latter and even enhanced abstinence from non-nicotine use as well as from nicotine

use (Winhusen et al., 2014). However, patients with a history of substance abuse and

who take antidepressants may have a lower stmoking cessation rate than those
without such a background (Zorick et al., 2014). Smoking cessation itself in people

with no psychiatric disorders did not worsen mental health (Tavlor et al,, 2013),

Acute Effects on the Body

In the peripheral nervous system, nicotine causes an increase in blood pressure,
heart rate, cardiac contractility, release of epinephrine (adrenaline} from the

adrenal glands, and an increase in the activity of the gastrointestinal tract.

In nonatherosclerotic coronary arteries, nicotine produces vasodilation,
increasing blood flow to meet the increased oxygen demand of the heart muscle. In
atherosclerotic coronary arteries {which cannot dilate), howevet, cardiac ischetnia
can result when the oxygen supply fails to meet the oxygen demand created by the
drug’s cardiac stimulation. This occurrence can precipitate angina or myocardial
infarction {heart attack).

In the early stages of smoking, nicotine causes nausea and vomiting by

10/13




- SOL T TIIT AT AN L s £ LLULLUEG, L VL pulsuilal, PLLYVALE USe OILY. INO Part of this book
may be reproduced or transmitted without publisher's prior ermission. Violators will be prosecuted.
Y P

stimulating both the vomiting center in the brain stem and the sensory receptors in

the stomach. Tolerance to this effect develops rapidly. Nicotine also reduces weight
gain, probably by reducing appetite and altering taste bud sensitivity. Stomach
secretions are inhibited, but bowel activity is stimulated; in people with little
tobacco tolerance, the drug is a laxative. Nicotine stimulates the hypothalamus to
release antidiuretic hormone, which causes fluid retention. The activity of afferent
nerve fibers coming from the muscles is reduced by nicotine, leading to a decrease
in muscle tone. This action may be involved (at least partially) in the relaxation a
person may experience as a result of smoking.

Tolerance and Dependence

While some of the acute effects wane, there is little tolerance to the primary
rewarding effects of nicotine. On the other hand, nicotine clearly induces both
physiological and psychological dependence in a majority of smokers. As early as
1988, the surgeon general of the United States (I.S. Department of Health and

Human Services, 1938) concluded that tobacco use is addictive , hicotine was the

substance in tobacco that causes addiction, and nicotine addiction was
pharmacologically as powerful as addiction to other drugs, such as heroin and

cocaine.

Awell-defined withdrawal syndrome has been delineate d, which is alleviated by
nicotine replacement. Abstinence symptoms include a severe craving for nicotine,
irritability, anxiety, anger, difficulty in concentrating, restlessness, impatience,
increased appetite, weight gain, and insomnia. Symptoms usually begin within
about two hours after the last use of tobacco, peak within 24 to 48 hours, and
gradually decline over the next 10 days to several weeks. Mild depression
{dysphoria and anhedonia) and increased appetite may persist for months. In one
study, smoking cessation produced a mean increase in body weight of 4t0 5
kilograms after 12 months of abstinence, although most weight was gained in the
first 3 months (Aubin et al., 2019). The difficulty in handling cigarette dependence is
illustrated by the fact that cigarette smokers who seek treatment for other drug and
alcohol problems often find it harder to quit cigarette smoking than to give up the
other drugs. Even Sigmund Freud continued his cigar habit (20 per day) until death,
in spite of an endless series of operations for mouth and jaw cancer (his jaw was
eventually totally removed), persistent heart problems that were exacerbated by
smoking, and numerous attempts at quitting,
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Unlike other drugs that produce physical dependerice, the severity of tobacco
withdrawal does not seem to be related to the dose (heavy or light amount of
smoking), the duration of the habit, previous attempts at quitting, sex, age,
education, or alcohol and caffeine use {McKim and Hancock, 2013). On the other

hand, there is some evidence that genetic factors play a role in the development of
dependence, specifically the probability of smoking 20 or more cigarettes daily,
earlier and faster onset of heavy smoking, and the likelihood of relapse after
quitting (Belsky et al., 2013).

Toxicity

Central Nervous System

Studies of the effects of nicotine on brain anatomy report a loss of brain matter in

the cerebral hemispheres in current smokers {Fritz et al,, 2014 Morales et al., 2014y,
as well as differences between smokers and nonsmokers in the strength of some

connections between various brain structures (Addicott et al., 2015; Lerman et al.,

2014). Evidence suggests that enzyme activity in the brain {as opposed to the liver)

- could affect brain nicotine levels and influence smoking behavior (Garcia 2t al.,
2015). Another study also revealed the deleterious effect of smoking on the CNS in
multiple sclerosis (MS); patients who continued to smoke experienced a faster onset
of secondary progressive MS (SPMS} (Hillert et al., 2Q15).

Cardiovascular Disease

The carbon monoxide in smoke decreases the amount of oxygen delivered to the
heart muscle, while nicotine increases the amount of work the heart must do (by
increasing the heart rate and blood pressure). Both carbon monoxide and nicotine
increase the incidence of atherosclerosis (narrowing) and thrombosis (clotting) in
the coronary arteries. These three actions {among others) seem to underlie the

dramatic increase in the risk of death from coronaty heart disease in smokers

compared to nonsmokers (Teo et al., 2006). Cigarette smokers manifest a 50 percent
increase in the progression of atherosclerosis when compared with people who have
never smoked.
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Besides the coronary arteries, atherosclerosis occurs in other arteries as well,
most notably the aorta (in the abdomen), the carotid arteries (in the neck), and the
femoral and other arteries of the legs. Gigarette-induced occlusion of these vessels
blocks the blood flow to important body organs and results in ischemie damage,
strokes, and other disorders. However, in women who quit smoking for 20 years or
more, this risk dropped to the level of those who never smoked compared to current

smokers (Sandhy et al,, 2012).

Pulmonary Disease

When tobacco smoke is inhaled, tar and ash are deposited on the moist membranes
through which oxygen and carbon dioxide have to cross to and from the blood.
Eventually, these toxins overcome the processes by which pollutants are removed
and destroyed in the lung. This leaves the lung more susceptible to infections and
other toxic damage. Chronic smoking results in difficulty in breathing, wheezing,
chest pain, lung congestion, emphysema (a form of irreversible lung damage), and
increased susceptibility to infections of the respiratory tract.

Cancer

Although nicotine itself is not carcinogenie, the relationship between smoking and
cancer is now beyond question. A new study (Lottet-Tieulent et al., 2016) has found
that 28.6 percent of all cancer deaths in the United States are attributable to

cigarette smoking: 22.9 percent of cancer deaths in women and 33.7 in men. This is
likely an underestimate because the study only included data on cigarettes and not
caricers caused by secondhand smoke, pipes, hookahs, cigars, smokeless tobacco,
and electronic nicotine delivery systems or deaths from marny other diseases linked
to smoking,

Cigarette smoke contains diverse carcinogens and cigarette smoking is the major
cause of lung cancer in both men and women., Smoking is also a major cause of
cancers of the mouth, voice box (larynx), and threat. Concomitant aleoha] ingestion
greatly increases the incidence of these problems. In addition, cigarette smoking is
a primary cause of bladder cancer and pancreatic cancer, and it increases the risk of
cancer of the uterine cervix twofold.

1313




It has several effects on the visual system: it increases the risk of cataract formation
and Graves' ophthalmopathy; an autoimmune diseage associated with too much
thyroid activation, in which the eyes bulge because of swelling and inflammation
(Kapoar and Joties, 2003). Smoking also causes premature aging of the skin (at least
partly because of blood vesse] constriction} and current simokers have a greater risi
of developing cutaneous squamous cell cancer compared to nonsmokers {Leonardi-

Many nonsmokers are exposed to the toxic agents in the passive smoke exuded by
burning and exhaled cigarettes, pipes, cigars, and like tobacco products, called
eavironmental tobaceo so oke, secondhand s oke, ot passive srrpling, In 1993,
the Environmental Protection Agency classified secondhand smoke as a Class 4
carcinogen. In 2011, the first global assessment published data from 2004 across 192
countries and concluded that secondhand smoke accounted for about 1 percent, or
about 603,000 deaths, worldwide ( Q}gg_rgm,m). Of particular concern, 165,000
children were estimated to have died from smoke-related respiratory infections,
mostly in Southeast Asia and Africa. Children whose parents sinoke have g higher
tisk of sudden infant death syndrome, ear infections, Pneumonia, bronchitis, and
asthma. Data from the N ational Health and Nutrition Examination Surveys from
2003 through 2010 of children ages 6 to 19 who had been diagnosed with asthma
showed that 53 percent had cotinine in their blood, Smoke exposure increased
doctor visits, disturbed sleep, and impaired physieal activity (Alinbami et al., 2012y,

Prenatal exposure has also been found to increase subsequent psychiatric problems
in offspring of smokers {Ekblad et 4., 2010). There is even evidence that children

who are exposed to secondhand smoke are more likely to start stoking themselves

1/13




— - o T T s e oL prLsultal, private use only. No part of this book
may be reproduced or transmitted without publisher's prior permission. Violators will be prosecuted.

than children who are not exposed to passive smoke ( Doweilto, 2012). Worldwide, 40

percent of children are re gularly exposed to secondhand smoke and children
account for more than a quarter of all deaths and over half of all healthy years of
life lost due to exposure to secondhand smoke. Legislation to reduce the effects of
secondhand smaoke through public smoking bans have led to drops in both preterm
births and childhood asthma hospitalizations (Beer: et al., 2014 Kalkhoran and
Glantz, 2014).

Effects During Pregnancy

Cigarette smoking reduces oxygen delivery to the developing fatus, causing a
variable degree of fetal hypoxia. This condition may underlie the reported
increases in irritability and increased muscle tone in the neonate (Stroud et al.,

2009) and even longer-term intelleetual and physical deficiencies {Abbatt and

Winger-Serhay, 2012). Furthermore, cigarette smoking produces a two- to threefold

increase in being small for gestational age (SGA) or being born preterm (McCawap

et al., 2009). Even women exposed to passive smoke inhalation have low-birth-
weight children. In fact, when a smoking ban was introduced in northern Belgium,
gradually over successive years (2006, 2007, and 2010), there was a statistical
decrease in the rate of preterm births. The rate dropped the most during the last
phases, when smoking was banned in restaurants and in bars selling food (Cox et
al., 2013). These risks can be reversed if smoking is stopped early in pregnancy. Also,

the weight of a smoker’s small for gestational age offspring usually becomes normal
at about 18 months of age.

Programs designed to reduce smoking behaviors and nicotine dependence
during pregnancy offer special challenges because the safety of pharmacological
interventions {bupropion, nicotine replacement therapies, varenicline) has not
been established. Nevertheless, in a French study involving 402 pregnant women
(all over 18 years old and between 12 and 20 weeks pregnant) who smoked at leasgt
five cigarettes a day, the effectiveness of 16-hour nicotine patches was evaluated, In
addition to receiving behavioral support for smoking cessation, participants were
randomly chosen to receive either nicotine or placebo patches throughout their
pregnancy. Researchers measured birth weight and total abstinence (as confirmed
by carbon monoxide levels in exhaled air from the pregnatit women). Neither birth
weight nor smoking cessation showed any improvement with nicotine patches
compared with placebo patches. Only 11 womnen (5.5 percent) given the nicotine
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patch achieved complete abstinence, which was compatable to the 10 women (5.1
percent) who received the placebo patch (Berlin et al., 2014),

Pharmacological Approaches to Nicotine
Dependence

As nicotine dependence gradually became recognized during the 1990s, a variety of
pharmacological treatments were developed to “reduce the harm” of smoking, with
the presumed goal of promoting cessation. These are sometimes referred to as
potentially reduced exposure products {PREPs), developed as a means of tobaceo
harm reduction (THR).

According to the U.8. Public Health Service {2008) and the U.S. Preventive
Services Task Force (Patnads et al., 2013), several products are considered to be

first-line options for smoking cessation, also called nicotine replacement therapy
(NRT). These include nicotine gum, lozenges, inhalers, mouth spray, nasal spray, the
transdermal nicotine patch, orally dissolvable filims, and low-nicotine cigarettes
(Hansson et al,, 2012). Dissolvable tobacco consists of fine-grained tobacco formed
into pellets, strips, or toothpick-size “sticks” that dissolve in the mouth. Nentobacco,

or non-NRT agents, include the antidepressant bupropion and the partial nicotine

agonist varenicline | Chantix). The efficacy of other smoking cessation medications is
less well established (Siu et al., 2015).2

Several other forms of nicotine administration have also become popular,
including sublingual products, referred to as “snus” water pipes {(hookahs), and

electronic cigarettes.

Stus consists of moistrpowdered tobacco (with salt and water) sold as small mesh
pouches, which are held in the mouth for about 30 minutes and then discarded. A
snus user packs the tobacco into the upper lip to get the nicotine and swallows the
by-product, rather than spit it out. One 2-gram portion of snus increases blood
nicotine concentration to around 15 nanograms per milliliter of tobaceco within 30
minutes. In contrast, a cigarette delivers about 23 nanograms per milliliter of
nicotine in the first five minutes, but by 30 minutes the levels of nicotine in the body
are comparable between the two. The products are promoted as a way to geta
nicotine fix when you cannot smoke, like nicotine gum. Except for Sweden, the sale
of snus has been banned throughout the European Union since 1992,
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In the spring of 2015, the FDA denied a petition by two tobacco companies to
ease up on the warnings around smokeless tobacco. For now, they will carry the
same warning labels stating that they are “not a safe alternative to cigarettes”
currently required for other smokeless tobacco products. As of November 2015,
eight snus products have been the first to be cleared under the FD&'s premarket
tobacco application ( PMTA) pathway, established after Congress authorized the
agency to regulate tobaceo products,

Using a hookah (also called a shisa, narghile, or water pipe) involves smoking
substances through a water pipe such that the smoke passes through the water and
is cooled before inhalation. Originating in northern Africa and southwest Asia, itis a
tradition at least four centuries old and is now very popular among adult men in
Middle Eastern countries {Brockman et al,, 2012}. Hookah smoking, however, is

spreading worldwide; in the United States, adolescents and young adulis are
increasingly adopting this hahit. Apparently, many hookah smokers believe it is less
harmful and addictive than stoking cigarettes. Studies so far show that this {s not
the case, and that both short- and long-term effects of water-pipe tobacco smoking
are just as harmful (Hakim et al,, 2011). Secondhand €Xposure to hookah smoke is

also an underappreciated health hazard for workers in the increasing number of

venues that allow water pipes {Zhou et al., 2016), Smoking hookahs more than

doubles the odds that a noncigarette smoker will begin smoking within two years,
according to a recent study (Soneji et al., 2015), Using snus increases the rigk of

starting smoking by more than sixfold, At follow-up, among those wha did not
smoke cigarettes at baseline » 39 percent of hookah users had begun smoking,
compared with 20 percent of those who had not used water pipes. Similarly, among
baseline nonsmokers, 55 percent of smokeless tobaceco users had begun smoking at
follow-up, compared with 21 percent of those who did not use snus.

Vapor Products: E-cigarettes and Electronic Nicotine
Devices

Perhaps the most controversial product in the PREP category is the electronic
cigarette, or e-cigarette. Predecessors appeared as early as 1965 and 1986, but
current versions were developed in 2003 by the Chinese pharmacist Hon Lik, a
former deputy director of the Institute of Chinese Medicine in Liaoning Province
(LS. Department of Health and Human Services, 2015). The e-cigarette has no

tobaceo. Instead, users add drops of liquid nicotine to the battery-powered device,
which delivers a propylene glycol-nicotine vapor that is inhaled. Laboratorv studies
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WINCH uenvery 4 Propylene Bl¥Lor-meoune APUT WAL 18 g e, LaDOrmIOLY siuyey
suggest that e-Cigarettes may be safer than tobacco Products becauge they
essentially contain fewer nonnicatinie toxie substances and they do not produce
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Vapors appearad to increase the aggressivenegs of dangeroyg bacteria gy chas
methicﬂlin-resisrant Staph Flococeys aurens ( MRSA), making it moye virulent
falthough cigarette Smoke hag much greater effect) (Crotty Alexandoy of al., 20,4y,
E-cigarette use is associated with higher cardiac S¥mpathetic tope and increaged
oxidative stress, but it Temains unclear to what extent these changes fepresent an
Inerease in cardiovaseylar risk { Moheiman o al., 2017, Moreovez; Some popular e-
cigaretteg 8¢t 50 hot that they, 100, can Produce some of the carcinogeng found in
Cigaretteg and at simjlay levels,

Cigarette {Shaliah ef aL. 2007), but It 18 not Completely cleay what thoge chemicals
are. The vaping procegs itself may produce 5 ore addjctive form of hicotine, called
free base, thay smoking ( El-Hallanj ot al., 2015). The mgll—powered e-ci‘garettes,
known as g4y Fstems, produce formaldehyde, & kriown carcinogen, along with the
hicotine-laceq vapor. The toxin is formed when lquid nicotine ang other e-Cigarette
ingredients are subjected 1o high temperatuyeg (Jensen o ﬁL,_Zglj), In addition to
this inherent toxicity, Krislman—Sarfn and colleqgr g 20171 report that many teens
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the levels of formaldehyde, acetaldeh}rde, and acetone iy the Vapors. Dinajca; and
<lagar and
CConnoy (2015) provide A review of the health effects of electronie Cigarettes,

drug regulatorg gave the go-ahead for 5 British American Tobaceg {BAT) e-cfgaretrej
the e-Voke, to he sold as a theys By for Quitting Smoking,
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and could be made safey (Lindblom, 2015).

Of not; there was ng difference in e-cigarette yge between the two groups
(Kallhorap and Glangz, 2015},
SEesl8land Glantz, 2045

Inthe 2015 5 ational Youth Tobacco Survey, e-Cigarettes were the most commonly
used tobaceo Product among teens for the second y '
Surgeon General’s Report, -cigarette yse among high schgg] students increased “an
astounding 00 Percent” from 2017 1, 2015. In 2015, learly 38 percent of high
schoolers reported having trieq an e-cigarette gt least once. Researchers found that
67 percent of respondents considered e-Cigareites to be “healthiey” than regular
cigaretteg (Wills et al,, 2015). The MOost common reagong teens gave £ initially
trying e-cigarettes weye CUriosity, a coql factor, and because of their fifends, But six
months later, none of those reasons Were significant Predictors of continued e-
cigarette yge. Only 5.9 percent of students sajq they tried e-cigarettes in ap effort to
quit smoking, byt smoking cessation was the only reason that wag signiﬁcanﬂy
associated with continued e-cigarette yse, The authorg also noted that afterg
months, 80 percant of teens whe said they were using e-cigaretteg to quit Smoking

were stil] smoking traditions] cigaretteg {Bold et al., 2018). Adolescents whe vaped

~ 1 1 ~ 1 13 i o= o1 4
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not associated with smoking reductiong (Leventhal ot al, 2016). 4 2015 analysis of
teenagers in Hawaii showed e-Cigarette yge to he Positively associated with both
tobacco initiation and increagad Smoking frequency. E-cigarettey had ne benefit in
redueing tohaceq use in teens who sinoked (Wills o1 al,, 2017).

be cost effective (Piore and Bakey Z015).
—=ieaud Rakey, 5015

20.8). Burgharelt gne Ellingrod ¢ 2012} deseribe clinica] applications for the
T eskandtand Blijngrod <012
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therapeutic use of NRTs,

The second category of medications ygeq for smoking Cessation consists of drugs
ot considered to he NRTs, although they may act on the hicotinje receptor,
Currently, these include antidepressants, Primarily bupropion {Zyban), ang pPartial

agonists, such ag vareni

In their review, Hyghes and coworlreys (20067 concluded that the antidepressants
—oa Al coworleys (2067
bupropion (WeHhutrin, Zyban) ang nortriptyiine (Pamelor) double g person’s
chances of giving up smoking and have anl acceptable rate of side effects. SSRT

Varenicline { Chantix) (Igiﬁ_nby:gmL -2006) and two other drugs, Cytisine (West et
al. 2011) and dianicline (Tonstad et al., 2011}, are pharmacologicaﬂy classified a4
partial nicotine feceptor agonysrs, By partially s,timulan'ng the rece Ptot, they redyce
Withdrawal Symptoms, but bjock access of nicotine t¢ the receptor. Continued

stimulant apd reinforcing action), thege drugs aisg eniahle 3 low-leve) release of

dopamine (Zierier-Erown and Fyle, 2007). Figure 5.4 Compares the effect on
=EeRlown and Kyle, 20g7

nicotinie receptors and dopamine release of smoking, smoking abstinence, and

Varenicline administratipy,
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This assignment will be a continuation of the written assignment from Week One.
Research a minimum of three peer-reviewed articles in addition to information from your
text on the disorder you chose in Week One. Consider the key classes of drugs used to
treat the disorder you chose in Week One and explain their action at the
neurotransmitter system involved in the disease process. Analyze and describe the
agonist-antagonist activity of the drugs and the receptor types and subtypes involved in
the disorder. Elaborate on the receptor agonist-antagonist actions of the drugs and
describe the most common side effects seen with these drugs. Evaluate the risk-
benefits of drug use for this disorder.

The paper:

« Must be three to five double-spaced pages in length, excluding title page and
references page, and it must be formatted according to APA style as outlined in
the Ashford Writing Center. (Links to an external site.)

+ Must include a title page with the following:

o Title of paper

¢ Your name

o Course name and number
o Yourinstructor's name

o Date submitted

Must address the topic of the paper with critical thought.

Must use at least three peer-reviewed sources in addition to the text.

Must document all sources in APA style as outlined in the Ashford Writing Center.
Must include a separate references page that is formatted according to APA style as
outlined in the Ashford Writing Center.
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Text

Advokat, C. D., Comaty, J. E., & Julien, R. M. (2018). Julien's primer of drug action: A

comprehensive guide to the actions, uses, and side effects of psychoactive drugs (14th
ed.). Retrieved from https://vitalsource.com
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CHAPTER 2

The Neuron, Synaptic

Transmission, and
Neurotransmitters

All gur thoughts, actions, memories, and behaviors result from biochemical
interactions that take place in and between neurons. Drugs that affect these
processes are called psychoactive drigs. In essence, psychoactive drugs are
chemicals that alter (mimic, potentiate, disrupt, or inhibit) the normal processes
associated with neuronal function or commumnication between neurons. Therefore,
to understand the actions of psycheactive drugs, it is necessary to have some idea of
how the brain is organized, what a neuron is, and how neurons interact with each
other.
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CHAPTER 2

The Neuron, Synaptic

Transmission, and
Neurotransmitters

All our thoughts, actions, memoties, and behaviors result from biochemical
interactions that take place in and between neurons. Drugs that affect these
processes are called psychoactive drugs. In essence, psychoactive drugs are
chemicals that alter {mimic, potentiate, disrupt, or inhibit) the normal processes
associated with neuronal function or communication between neurons. Therefore,
to understand the actions of psychoactive drugs, it is necessary to have some idea of
how the brain is organized, what a neuron is, and how neurons interact with each

other.

OVERALL ORGANIZATION OF THE
BRAIN

The human nervous system consists of two divisions, the cemtral rervous system
{CN8) and the peripheral nervous system (PNS). The CNS includes the brain and the
spinal cord; the PNS includes the nerves that originate in the spinal cord and that
connect the spinal cord to the organs of the body. The drugs discussed in this baook
exert their primary actions and some of their side effects by acting in the brain.
Many of their side effects, however, are produced by their actions in the PNS, that
is, at various organ systems, such as the digestive system and the cardiovascular

system, as described in subsequent chapters.

The human brain consists of perhaps 90 billion individual neurons located in the
skull and the spinal cord. A flow chart of the brain is shown in Figure 2.1 with the
three major divisions indicated: the hindbrain, the piidbrain, and the forebrain.
The hindbrain and forebrain are further divided into two subdivisions each, which
results in five major sections. Figure 2.1B shows the anatomical arrangement of
these structures.
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Publishers

FIGURE 2.1 A, Flowchart of the brain and s major divisions, B« Ouiling of the human brain and its
primary divisions,

The spinal cordis essentiaily the “information highway of the body” through
which messages are sent back and forth between the brain and the rest of the body.
This information includes touch, temperature, pain, joint position, and signals
telling muscles to move,

Extending from the bottom of the brain (the medulla) to the sacrum (the bone in
the lower part of the spine that forms the back of the pelvis), the spinal cord is made
up of neurons and fiber tracts that

+ Carry sensory information from the skin, muscles, joints, and internal body
organs to the brain

+ Modulate sensory input {including pain impulses)

+ Organize and modulate the motor outflow to the muscles (to produce
coordinated movement)

+ Provide autonomic {involuntary) control of vital body functions
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The part of the brain that is attached to the top of the spinal cord is the brain
stemn (Eigure 2.2). It is divided into three parts: the medulla (its full name is the
medulla oblongaia), the pons, and the midbrain. All impulses that are conducted

in either direction between the spinal cord and the brain pass through the brain
stem, which is also important in the regulation of vital body functions, such as
respiration (breathing), blood pressure, heart rate, gastrointestinal functioning, and
the states of sleep and wakefulness. The brain stem is also involved in behavioral
alerting, attention, and arousal responses. Depressant drugs, such as the
barbiturates, depress the brain-stem activating system, which probably underlies
much of their hypnotic action.

tidbrain

Pons

Cerehel
Medulla’f erebellam

T spinad cord

Advokat/Comaty/Julien, Julfen's Primer of Drug Action, 14e, © 2019
Worth Publishers

FIGURE 2.2 The brain stem s the portion of the brain consisiirg of the medulla, pors, and midbrain,
which connecs the spinal cord to the forebrain,

Behind the brain stem is a large, bulbous structure — the gerebelfun. A highly
convoluted structure, the cerebellum is connected to the brain stem by large nerve
tracts. The cerebellum is necessary for the proper integration of movement and

posture. The staggering gait that is associated with drunkenness, termed ataxfy
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(loss of coordination and balance), is caused largely by an aicohol-induced
depression of cerebellar function.

An important part of the brain stem, even though it is only about 2 centimeters
long, is the midbrain, which sits between the forebrain and the hindbrain. The
upper half (tectum, or “roof”) contains pathways that carry sensory information,
while the bottom half (tegmen {um, or “floor”} contains two important nuclei, which
are connected, respectively, to two other systems, whose primary structures are
located in the forebrain. The first of these nuclei, the substantia nigra, is associated

with the neuroanatomical system called the basal ganglia (discussed below; see
Figure 2.4), which is responsible for coordination of movement and integration of
motor control. Next to the substantia nigra is a more diffuse group of neurons called

the ventral tegmental ares (VTA), which is part of the neurcanatomical system

called the reward circuit, located in the limbic system (discussed below; see Figure
2.5). As will be discussed later, most of the neurons that make up these two midbrain
nuclei contain the neurotransmitter dopamine.

The area immediately above the brain stem and covered by the cerebral
hemispheres (cerebrum or cortex) is the diepcephalon (Figure 2.3 , consisting

primarily of the thalamus and hypothalamus. The fypothalamuysis a collection of

neuronal structures near the junction of the midbrain and the thalamus just above
the pituitary gland (whose function it modulates). There are 11 major nuclei that
make up the hypothalamus and are responsible for the integration of our entire
autonomic (involuntary or vegetative) nervous system. Thus, the hypothalamus
controls such vegetative functions as eating and drinking, sleeping, regulation of
body temperature, and sexual behavior, in large part by controlling the hormonal
output of the pituitary gland. Neurons in the hypothalamus produce substances
called releasing factors, which travel to the nearby pituitary gland, inducing the
secretion of hormones that regulate such processes as the menstrual cycle in
females and sperm formation in males. The hypothalamus is a site of action for
many psychoactive drugs, either for the primary effect or for the side effects
produced by the drug,
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executive functions, such as working memory, planning, cognitive flexibility, and
decision making, and the ventral-lateral prefrontal cortex is responsible for
inhibition of motor functions, that is, neural basis of self-conirol.

Parictal
inbe

A Frontal
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P Oecipital
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Temparal
loybe

Motar cortex |, Somatosemsory
COMRX

Frontal cortex

Freftontal
CONEX

Orbital =
prefrontal cortex

Ventral-lateral

pradromul
Advokat/Comaty/lulien, Julfen’s Primer of Drug Action, 14e, © 2019 Worth
Publishers

FIGURE 2.6 A The cerghrum, The four major lobes of the human brain. B, Subdivisions ofthe frontal
lobe, including the prefrontal cortex and its components: the oriital, the dorsal-lateral, and the
vantral-lateral prefrontat corex,

A particularly interesting strueture is the insular cortex, or insula, a specific but
hidden lobe of the brain located within the cerebral cortex, behind the temporal
lobe and beneath the frontal and parietal lobes (Figure 2.7). It receives information
about the physiological state of the body and integrates it into a broader context.

For example, unpleasant smells or tastes may be reimagined as a sensation of
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disgust. In 2007, it was reported that some people with damage to the insula were
able to give up cigarettes instantly.

Frontal labe

Gyn of insuka

Temporal lobe \
Advokat/Comaty/lulien, fufien’s Primer of Drug Action, 14e,
@ 2019 Worth Publishers

FIGURE 2.7 The Insula.

There is a special cell type in the insula, the Von Economo neurons, names for
the neuroscientist who discovered them in 1925. For this reason, they are known as
VENSs. In addition to the frontal insula, these unusually large, cigar-shaped cells are
also located in the anterior cingulate cortex. Aside from humans, only whales, great

apes, and elephants are known to have them (Blakeslee, 2007),

In the last few years, there have been some remarkable technological
developments in the neuroscience of the brain, especially in regard to
understanding the neural basis of behavior. One significant international initiative
is the Human Connectome Project (HCP). With start-up funding of $40 million, this
collaboration began in 2010 with the goal of determining how neurons are
connected across numerous brain sites. The first dataset was released in April 2015.
This result consisted of connectomes obtained from about 460 people, 22 to 35 yeats
old. In addition to the anatomical results, the outcome included information about
personality variables, various intelligence assessments, social and economic
conditions, and history of drug use, as well as age. The eventual goal is to collect
data from 1200 adults in order to determine which systems across the brain are
functioning while the brain is quiet. The connectomes are thought to indicate those

neuronal associations that remain active to keep the brain ready to perform certain

functions (Figure 2.8) (Reardon, 2015).
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In addition to the frontal insula, these unusually large, cigar-shaped cells are also
located in the anterior cingulate cortex. Aside from humans, only whales, great
apes, and elephants are known to have them (Blakeslee, 2007).

In the last few years, there have been some remarkable technological
developments in the neuroscience of the brain, especially in regard to
understanding the neural basis of behavior. One significant international initiative
is the Human Connectome Project (HCP). With start-up funding of $40 million, this
collaboration began in 2010 with the goal of determining how neurons are
connected across numerous brain sites. The first dataset was released in April 2015.
This result consisted of connectomes obtained from about 460 people, 22 to 35 years
old. In addition o the anatomical results, the outcome included information about
personality variables, various intelligence assessments, social and economic
conditions, and history of drug use, as well as age. The eventual goal is to collect
data from 1200 adults in order to determine which systems across the brain are
tunctioning while the brain is quiet. The connectomes are thought to indicate those
neuronal associations that remain active to keep the brain ready to perform certain
functions (Figure 2.8) (Reardon, 2015).

PASIEKA/Getty Images

FIGURE 2.8 A conneciome of the brain shows active connections between naurons,

In July 2016, progress made by the HCP was made public with the publication of

a new map of the brain, which contained nearly 100 previously unknown regions
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(Zimumer, 2016). The map was created by applying complex computer analyses to the
large amount of data collected from the test subjects. Each participant had their
brain mapped while they underwent hours of memory, language, and other
neuropsychological tests. This update is the first large-scale revision of the cortex
since 1907, when an atlas of 52 brain regions was published by Korbinian Brodman.
According to one of the investigators, there were 112 different types of information
used to construct the new map, including anatomical data, such as the amount of
myelin, aswell as the neuropsychological test results. (You can see the latest

developments at wiww.humanconnectomeproject.org.)

OVERVIEW OF SYNAPTIC
TRANSMISSION

The central nervous system (CNS) is made up of two types of cells: neurons and a
variety of nonneural cells, collectively called glia {(from the Greek word meaning
“glue™}. It had long been thought that glia are more abundant than neurons and that
there were from 10 to 50 times more glia than neurons in the CNS. There is recent
evidence, however, that the 10:1 glia to neuron ratio is a myth and that the ratio in
human and other primate brains is much closer ta 1:1. It turns out to be more
difficult to determine the ratio of glia to neurons than you might think. For

example, some parts of the human brain have a higher ratio than others, and the

ratio of other species differs from that of humans (Yuhas and Jabr, 2012).

The neuron is the basic functional unit, while glia provide support and
protection. The main types of glial cells in the CNS are oligodendrocytes, astrocytes,
and ependymal and microglial célls. Although glia may turn out to be less numerous
than previously thought, they may in fact be more important than previously
believed. Oligodendrocytes form the myelin sheath around axons. Astrocytes
provide neurons with nutrients and structural support. They maintain the
extracellular environment of neurons by regulating their ionic surroundings,
modulating the rate of signal transmission and the reuptake of neurotransmitters.
Astrocytes play a crucial role in synapse formation and they affect (by promoting or
preventing) recovery after neural injury. Microglia are involved in cleaning up
damaged cells and debris and pruning neurons. Recent research suggests that they
may be involved in disorders such as schizophrenia and Alzheimer's because of

extensive pruning leading to massive synaptic loss (Hong et al,, 2016).
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A typical neuron has a soma (cell body}, which contains the nucleus {including
the genetic material of the cell) and several other structures, or organelles, that
perform vital functions (Figure 2.94). For example, mitochondria produce energy
from nutrients, while Golgi bodies package substances (such as feurotransmitters)
into vesicles for storage.
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FIGURE 2.9 Major parts of a neyron. Within she cal| body is tha nucleus, which contains the genetic
code, DNA, The cell body is filled with 3 gelatinous subsiance, the cytoplasm, Within the cytoplasm
are various organelles, which perform specific Sincions, The ardoplasmic raticslum s 3 network of
flaitened sacs and Eranchirg tubules that extends throughout the cyioplasm, which provides a
platiorm for ribosontes and a mechanism frransportation for movement of cellular produces.
Ribosomes synthesize protsing, mitochondria preduce energy for cell funciions, and the Golg
complex cambines simple molecules into more complex sireetures and packagas tham into vesicles,
Dendrites and axons are precesses that receive Incoming signals and send OUTEDINE messages,
respeciively. Some axons are protecied by myelin, 4 fatty sheath, The axons end in terminals, which
coriain membrane sacs filled with transmitier molecyles,

Extending from the soma in one direction are many short fibers, called
dendrites, which receive input from other neurons through receptorslocated on the
dendritic membrane (see Figyre 2,98). When a signal arrives from another cell, a
message is generated and travels down the dendrite to the soma. Extending in
another direction from the soma isa single process called an axon, which can vary
in length from a few millimeters up to a meter (such as those that run from the
motor neurons of the spinal cord out to the muscles that they stimulate). The axon

tranemits the signal through an electrochemical process (the action potential) from

the soma to other neurons or to muscles, organs, or glands of the body. Longer
axons are usually covered with a gpvefin shea th, produced by specialized types of
glia, which increases the speed of the signal.

Information flows from the axon to the next neuron or cell by way of a

specialized structure called a synapse. According to Thompson (1993), a “given

nieuron in the brain may receive ... thousand(s} of connections from other neurons”

and the “number of possible different combinations of synaptic connections among
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the neurons in a single human brain is larger than the total number of atomic
particles that make up the known universe. Hence the diversity of the
interconmections in a human brain seems almost without Limit" (2-3).

It was once thought that the brain has the maximal number of neurons at birth
and that once a neuron dies, it is not replaced. This concept has been revised
because we now realize that new neurons form every day (a process called
neurogenesis} (Kempermann et al,, 2004; Schaffer and Gage, 2004). Synaptic

conttacts between neurons are continually being reshaped, with axon terminals and
dendrites re-forming new synaptic connections while eliminating old ones. This

remodeling probably begins even before birth and continues throughout our lives.

A synapse consists of the presynaptic membrane (typically the axon terminal) of
one neuron, the postsynaptic membrane of the receiving neuron (which might be a
dendrite, the soma, or the axon terminal of another neuron), and a minute space
(the synaptic cleft) between them (Figure 2.10). Among the numerous structural
elements of the presynaptic side (for our purposes) are the synaptic vesicles, each
of which contains several thousand neurotransmitter molecules that transmit
information from one neuron to another. These vesicles serve two functions. They
store the transmitter and protect it from being destroyed by metabolic enzymes so
that it is available for release. When the action potential reaches the axon terminal,

it triggers a series of biochemical actions, which cause the vesicles to fuse with the

presynaptic membrane and release the transmitter, a process called exocytosis,
The transmitter molecules diffuse across the synaptic cleft and attach to various
types of structures, called receptors, on both the presynaptic terminal and the
postsynaptic membrane of the next neuron (see Chapter 3). The neurons do not
physically touch each other; synaptic transmission is a chemical rather than an
electrical process. Recently, however, it has been reported that, in at least some
synapses, special proteins are arranged on the pre- and postsynaptic membranes
such that the neurotransmitter molecules are aligned opposite their receptor sites.
These structures, termed nanecolumns, appear to connect regions of

neurotransmitter molecule release and activation (Tang et al,, 2016).
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Synaptic transmission is remarkably fast; the entire process MAY OCCUr over a

time span as short as a millisecond for transmitter release {from presynaptic
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vesicles), diffusion (across the cleft), receptor attachment, and activation. The
nature of the response produced by synaptic transmission depends on the

characteristics of the receptor that is activated (see Chapter 3). Receptors tmay

respond quickly, within milliseconds, or they may produce responses that last
hundreds of milliseconds. The ultimate outcome of receptor activation is a function
of the organ or tissue in which it is located. In summary, the arrival of an action
potential at the axon terminal induces release of a neurotransmitter into the
synaptic cleft and the transmitter then activates its receptors.

The release of neurotransmitter may be modulated by presynaptic receptors,
termed auforeceptors (see Figure 2,.10). An autoreceptor is a presynaptic site ona
neuron that binds the neurotransmitter released by that neuron. These receptors
regulate the neuron’s activity. Autoreceptors serve as negative feedback
mechanisms. When stimulated by transmitter or by certain drugs, these receptors
reduce the synthesis and further release of transmitter. Thus, when large amounts
of transmitter are present in the synaptic cleft, excess transmitter molecules act on
the autoreceptors to decrease further production and release. Conversely, if an

antagonist blocks an autoreceptor, synthesis and release of transmitter is inereased.

Once release has occurred, there must be a way to get rid of neurotransimitter;
otherwise, transmitter would stay in the synaptic cleft and continually bind to and
activate receptors. In most cases, transmitter removal occurs through one of two
general types of mechanisms (see Figure 2.10; with some variations as described
below for specific transmitters):

1. An enzyme present in the synaptic cleft breaks down any neurotransmitter
remaining in the synapse. The metabolites are then taken back up into the
presynaptic neuron to be resynthesized and repackaged for release. Thisis
how the effect of the neurotransmitter acetylcholine is terminated. Drugs used
in the treatment of Alzheimer’s disease act by blocking this process, thereby
increasing the amount of acetylcholine in the synapse, which may delay the
progression of the dementia (see Chapter 13).

2. The transmitter itself is taken back into the presynaptic neuron and
repackaged. The action of the neurotransmitters dopamine, norepinephrine,
and serotonin is terminated by this mechanism. Drugs that block this reuptake
process represent one class of antidepressant medication. In an alternative
version of this process, transmitter is taken up into an adjacent glial cell and
metabolized. The metabolites are then recycled back to the neuron where
they are resynthesized into neurotransmitter and repackaged for release. The
effect of the transmitter glutamate is terminated by this method.
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was identified as a transmitter chemical first in the peripheral nervous system and
later in brain tissue. Deficiencies in acetylcholine-secreting neurons have classically
been associated with the dysfunctions seen in Alzheimer’s disease. Certainly drugs
that either potentiate or inhibit the central action of acetylcholine exert profound
effects on memory. For example, scopolamine is a psychedelic drug that blocks
central cholinergic receptors and as a result produces amnesia. Conversely, drugs
that increase the amount of acetylcholine in the brain appear to improve memory
function and are used to delay the progression of Alzheimer’s disease.

Acetylcholine is synthesized in a one-step reaction from two precursors (choline
and acetyl coenzyme A) and then stored within synaptic vesicles for later release
{Figure 2,11). Like other neurotransmitters, acetylcholine is released into the
synaptic cleft, rapidly diffuses across the cleft, and reversibly binds to postsynaptic
receptors. Once acetylcholine has exerted its effect on postsynaptic receptors, its
action is terminated by the enzyme acetyicholinesterase (AChE), which is located in
the postsynaptic side of the synaptic cleft.

Axon
termioal

Acetyleholine (ACH) commies fram
the eneymutic combimtion of Acetyl
coenzyme A (Acetyl Cody

and chioling (Chl. o

Acetylcholine is Broken down in
the synaptic clef} by the enzyme
Acetyicholinestersue (ACHE),
nto Acetars (A) and Choline {Ch).

Chwakine is taken back into the
termingl by & transporier and
recyoled to make more
Artyicholine.

Cholinerzic
tegeptar

Advokat/Comaty/Julien, Jutien's Primer of Drug Action, 14e, © 2019 Worth Publishers

FIGURE 2.11 Schematic of an acetylchaoline (ACH] synapse, Acetylcholine is made in the axon tarminal
o acetyl coenzyme A (acetyl CoAl and choling and stored in vesicles for release, After release,
acetylcholine binds to s receptors and iz immediately broken dovan at the receptors by
acetylcholinesterase (AChE] into choling and acetate,
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The enzymatic reaction that degrades acetylcholine is important not only in the
treatment of Alzheimer's disease, but also in agriculture and the military. Drugs that
block the action of acetylcholinesterase, referred to as AChE inhibitors, include baoth
“reversible” and “irreversible” compounds. Irreversible AChE irhibitors form a
permanert covalent bond with the enzyme and totally inhibit enzyme function.
They are usually administered in “toxic” doses and the result is usually fatal, Some
of these toxic drugs (such as malathion and parathion) have been exploited in
gardening and agriculture as insecticides because they kill insects on contact. Other
irreversible AChE inhibitors (such as sarin and soman) have been used in the
military as lethal netve gases.

Less toxic and shorter acting are the reversible AChE inhibitors. They are used
clinieally as putative cognitive enhancers to delay memory decline in patients with
Alzheimer's disease. Individual agents are discussed in Chapter 16.

Cholinergic receptors are subclassified into two categories, nicotinic and
muscarinic, named for substances that specifically stimulate each category.
Muscarinic receptors are the “slow” type (metabotropic}, while nicotiniic receptors
are the “fast” type {or ionotropic; see Chapter 3). They can be found on both sides of
the synaptic cleft (presynaptic and postsynaptic). Muscarinic receptors bind
acetylcholine and muscarine, a substance found in certain poisonous mushrooms.
(It was first isolated in Amanita muscaria.) Binding studies have identified five
subclasses of muscarinic receptors: M, M,, M3, M, and M. M;, M,, and M; are
involved in complex CNS responses such as memory, arousal, attention, and
analgesia. M, are on heart muscle and when stimulated, they slow the heart rate;
Mj are found on a variety of involuntary muscles, such as the bladder and lungs.
Nicotinic receptors (nAChR}) are subdivided into two types: N, (or Ny), found on the
voluntary, or skeletal, muscles, and N, (or Ny}, found in the nervous system and in
the adrenal glands.

Acetylcholine is distributed widely in the brain (Figure 2.12). The cell bodies of
cholinergic neurons in the brain lie in two closely related regions. One involves the
septal nuclei and the nucleus basalis. The axons of these neurons project to
forebrain regions, particularly the hippocampus and cerebral cortex. The second
group of acetylcholine neurons originates in the midbrain region and projects
anteriorly (forward) to the thalamus, basal ganglia, and diencephalon (not shown in
the figure} and posteriorly {backward) to the medulla, pons, cerebellum, and
cranial nerve nuclei. In addition to its generally accepted role in learning and
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is consistent with suggestions that acetylcholine is involved in circuits that
modulate sensory reception; in mechanisms related to behavioral arousal,
attention, energy conservation, and mood; and in REM (rapid eye movemenit)
activity during sleep (dreaming). '
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FIGURE 2.12 The two major cholinergic sysiems in the human brain. The basal forebrain chollinergic
complex composed of neurons in the medial septal nucleus and nucleus basatis, which projedis o the
telencephalon; the pontomesencephalotagmenial cholinergic complex, composed of cells In the
pedunculopontine and laterodorsal tegmental nuclel, which ascend to the thalamus and other
diencephatic leci inet shown) and descend 1o the pons, medulla, cerebellum, and oranial nerve nuclel.

MONOAMINERGIC
NEUROTRANSMITTERS

Catecholamine Transmitters: Dopamine
and Norepinephrine
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The term cafecholamine refers to compounds that contain a catechol nucleus (a
benzene ring with two attached hydroxyl groups) to which is attached an amine
group (Figure 2.13}. In the CNS, the term usually refers to the transmitters
dopamine (DA} and norepinepfirine (NE). In the peripheral nervous system,

epinephrine (adrenaline) is a third catecholamine transmitter. In the brain, a large
number of psychoactive drugs (both licit and illicit, therapeutic and abused) exert

their effects by altering the synaptic action of norepinephrine and dopamine.

The chemical synthesis of the catecholamines is illustrated in Figure 2.13.
Biosynthesis of the catecholamines begins with the amino acid tyrosine {(found in
foods such as egg whites, cottage cheese, soy products, meat, fish, poultry, mustard
greens, and spinach} and involves several steps controlled by specific enzymes.
Following synthesis, these transmitters are stored in vesicles for release into the
synaptic space. After release, norepinephrine and dopamine attach to pre- and
postsynaptic receptors and initiate responses in the receiving cell or neuron. As
noted earlier, inactivation occurs primarily by reuptake of the transmitter from the
synaptic cleft into the presynaptic nerve terminal. Within the nerve terminal,
catecholamines may be inactivated by enzymes such as piggicamine oxidase
(MAO), The class of antidepressants referred to as MAO inhibitors (MAQIs; see

Chapter 12) acts by blocking monocamine oxidase, thereby increasing the amounts

of dopamine and norepinephrine available for synaptic release.
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FIGURE 2.13 A, Catechol and catecholamine struciure. All catecholamines shars the catechol nucleus,
a benzene ring with two adjacent hydroxyl [05] groups, B, Structures and synthesis of the
catecholamines, Tyrosing, an amine acid found in foods, is conveartad irmn dopa, then into dopamine,
next indo norepinephring, and firally iin the peripheral rervous systam) inte epinephring, depending
orwhich enzymes (one to four) are present in the call,

Catecholamine Receptors
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Each catecholamine transmitter exerts effects on a number of different receptors.
Norepinephrine and epinephrine act on two primary types of receptors (alpha and
beta), each of which has at least two subtypes. Dopamine exerts postsynaptic effects
on at least six receptors, divided into two families (D, type and D, type). The D;
receptor family consists of two subtypes — D; and Dg — and the D, receptor family
consists of four subtypes — Day, Dog, Dy, and D,. Postsynaptic dopamine receptors of
the D, family are responsible for at least part of the antipsychotic activity and side

effects of the drugs discussed in Chapter 11. Alterations in dopamine receptor
function have been implicated in numerous diseases and behavioral states,
including schizophrenia, parkinsonism, affective disorders, sexual activity,
addiction, and attention deficit/hyperactivity disorder.

Norepinephrine Pathways

The cell bodies of norepinephrine neurcns are located in the brain stem, mainly in a
structure in the pons called the locus coeruleus (Figure 2.14). From there, axons
project widely throughout the brain to nerve terminals in the cerebral cortex, the
limbic system, the hypothalamus, and the cerebellum. Axonal projections also
travel down the spinal cord, where they exert an analgesic action. The release of
norepinephrine produces an alerting, focusing, orienting response, positive feelings

of reward, and analgesia,
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FIGURE 2.14 Moradranergic projection systems in the human brair, The call bodies are in the locus
coeruteds and adiacent regions of the brain stem and project widely to the forebraim and cerebellum
and to the hrain siem and spinal cord,

Dopamine Pathways

Dopamine pathways also originate in the brain stem, sending axons both rostral
(forward) to the brain and caudal (backward) to the spinal cord (Figure 2.13). Three

dopamine circuits are most relevant for our discussions:

1. Neurons in the hypothalamus send short axons to the pituitary gland (not
shown in Figura 2.15). These neurons regulate certain hormones. Alterations in
hormeone function are commonly seen in people with schizophrenia who are
taking various antipsychotics, which block these dopamine receptors (see
Chapter 11}.

. Neurons in the substantia nigra (see Figure 2,15) that project to the basal

[\~

ganglia (see Figure 2.4) play a major role in the regulation of movement. As
noted earlier, parkinsonisim (see Chapter 16} and parkinsonian side effects

produced by antipsychotic drugs (which block these receptors) (see Chapter
41} all involve this pathway.
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3. Cell bedies of the VTA in the midbrain are located next to the substantia nigra
{see Figlre 2.15). Dopamine neurons of this nucleus extend forward and
separate into two pathways. One branch, called the mesocortical, projects to
the frontal cortex, and a second branch, called the mesolimbic, projects to the
limbic system. These two dopaminergic pathways are extremely important in
psychopharmacology. First, alterations in the development of these pathways
may be involved in the pathogenesis of schizophrenia and its amelioration by
antipsychotic drugs. That is because, as discussed in Chapter 11, drugs used in
the treatment of schizophrenia all share the common action of blocking
dopamine receptors in this pathway. Second, these dopaminergic pathways
also include structures that are activated by drugs (and other stimuli) that
produce sensations of pleasure. This group of structures constitutes our
“central reward circuit,” which is involved in addiction to most drugs of abuse
{discussed in Chapter 4).

Mesolimbocorteal pathway: Nigrosiratul pathwiy:

veniral tegmentul areu "% substantda nigra to
i nucheus accumbens, - striatem {cakdate
eartek, aad hippocanipus ard purameny)

Advokat/Comaty/Julien, fulien’s Primer of Drug Action, 14e, @ 2019
Worth Publishers

FIGURE .15 There are three major dopaming systems in the brain, One is a local drouit in
hypothalamus Inot shown); another, the nigrostristal pathway, projecs from the subszantia nigra mo
the caudate nucleys of the basal garglia and is involved in motor funciions and Parkinsons diszase;

the third consists of cell bodies nest to the subsianiia nigra in the midbrain that project widsly to the

cerebral cortex and forebrain limbic system,
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was first investigated as a CNS neurotransmitter in the 1950s when lysergic acid
diethylamide (LSD) was found to resemble serotonin structurally and block the
contractile effect of serotonin on the gastrointestinal tract. At that time, it was
hypothesized that LSD-induced hallucinations might be caused by alterations in the
functioning of serotonin neurons and that serotonin might be involved in abnormal
behavioral functioning. Today, drugs that potentiate the synaptic actions of
serotonin are widely used as antidepressants and as antianxiety agents (specifically,
the serotonergic agents known as selective serotonin reuptake inhibitors, or S3RIs;
see Chapter 12). Serotonin plays a role in depression, anxiety and obsessive-
compulsive disorder, panic, phobias, sleep, sex, cardiovascular function, and the
regulation of body temperature; use of an SSRI to treat depression can be
associated with such side effects as insommnia, anxiety, and loss of libido.

Significant amounts of serotonin are found in the upper brain stem, particularly
in the pons and the medulla, in structures collectively called the raphe nucler.
Anterior projections from the brain stemn terminate diffusely throughout the
cerebral cortex, hippocampus, hypothalamus, and limbic system (Figure 2.16).
Serotonin projections largely parallel those of DA, although they are not as
widespread. Axons of serotonin neurons descending to the spinal cord from cell
bodies located in the raphe nuclei may be involved in the modulation of both pain
and spinal reflexes.
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FIGURE 2.16 Serctonin pathways in the human brain,

Serotonin is an indoleamine. Indoleamines all contain indole groups, a benzene
ring (six-carbon ring) fused to a pyrrole ring (five-membered ring with four carbons
and a nitrogen). Serotonin is synthesized in the brain from the essential amino acid
tryptophan (Figure 2,174). Because the human body cannot make tryptophan, we
must get it from the foods we eat, such as poultry, bananas, tomatoes, and walnuts.
Serotonin is produced by a short metabolic pathway consisting of two enzymes:

tryptophan hydroxylase and amino acid decarboxylase.
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FIGURE 2.17 A, Biosynihesis of serpionin. B, Serotonin recepior nomenclature.

Several chemically distinet serotonin (5-HT) receptors have been identified.
They have been classified in families (designated by a number) and subtypes within
a family (designated by a letter). The main families and subtypes of 5-HT receptors
are shown in Figure 2.17B. There are 14 different known 5-HT receptors. In 2013, the
structures of two of these were uncovered using X-ray erystallography, by which X-
ray beams are fired at erystals of the compound, and the way in which the beams
ate scattered can allow scientists to determine the structure. The studies found that
5-HT receptors 1B and 2B had similar structures where serotonin binds, but that this
space was larger in 1B than in 2B. Although only the width of three helium atoms,
this difference was enough to explain why the two receptors bind differently to
different drugs. This may be very important for drug safety: because some drugs
that stimulate 2B receptors are thought to cause heart problems, it has been
nicknamed the “death receptor” (Wang et al., 2013).

Amino Acid Neurotransmitters
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Thete are two amino acid neurotransmitters that are widely distributed in the
brain. The first, glutamic acid (or glutamate), is the major universally excitatory
neurotransmitter; the second is gumma aminobutvric acid (GABA), which is the
major inhibitory neurotransmitter. Most other amino acids in the brain do not serve
as neurotransmitters (with the exception of aspartate and glycine), but function as
precursor molecules for the biosynthesis of other transmitters (for example,
tyrosine for catecholamines and tryptophan for serotonin).

Both glutamate and GABA function to modulate a number of receptors,
maintaining a balance between excitation and inhibition in the brain. The following
sections focus on glutarmate and GABA, because they are involved in the actions of
several psychoactive drugs, ranging from the benzodiazepine antianxiety agents
{see Chapter 13} to the mood stabilizers {see Chapter 14},

Glutamate

Glutamate is the major excitatory neurotransmitter in the brain and is also the
precursor for the major inhibitory neurotransmitter GABA. GABA is formed from

glutamate under control of the enzyme glitamic acid decarboxylase.

Glutamate is a nonessential amino acid, meaning that it is easily synthesized in
the bady and is not required in the diet. It does not readily penetrate the blood-
brain barrier and is produced locally by specialized neuronal mechanisms. It can be
synthesized by a number of different chemical reactions, among which is the
normal breakdown of glucose. A second reaction, which might be the more
important for neuronal glutamate, involves a glutamine cycle in which synaptically
inactive glutamine serves as a reservoir of glutamate (Figure 2.18). In this process,
after glutamate is released from a neuron and exerts its excitatory effect, it is
transported into astrocytes and converted to glutamine. Eventually, the glutamine
diffuses out of the astrocytes and enters the presynaptic nerve terminals, where it is

converted to glutamate, the active neurotransmitter.
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FIGURE 2.18 Schematic of the glutamate synapse. Glutamate (Glu) is released into the synapse and
recapured by excitatory attine add fransporters {EAATS! located on the presynaptic tertrinal ard on
adjacent glial cells. Within the glial cells, glutamate is converted {o glutamine by the enzyme
glutamine synthetose. Glutamine diffuses back into reuronal terminals to reptenish the Glu after
conversion by the enzyme gluiamingse and storage by vesicular glutamate transporters (WGLT), The
“fast” lionoiropic) receptors, NMDA, AMPA, and kainate, are shown on the posisynaptic membrane;
the “slow” imetabotropic, mGlUR] recepicrs are shown o both the pre- and postsynaptic
membranes.

Giutamate receptors consist of two families, the fonotropic receptors (which
respond quickly) that include NMDA and non-NMDA receptors (AMPA and kainate
receptors) and metabotropic receptfors (which respond more slowly). Metabotropic
glutamate receptors (abbreviated as mGluRs) consist of eight members arranged
into three groups (receptor classification is discussed more fully in Chapter 3). In the
adult human brain, NMDA and AMPA receptors are colocalized in about 70 percent
of their synapses. These receptors mediate rapid excitation of postsynaptic neurons,
with especially high concentrations in the cerebral cottex, hippocampus, basal
ganglia, septumn, and amygdala.

NMDA receptors (Figure 2.19) have some unusual characteristics. First, in

addition to glutamate. another amino acid, either glveine ot serine. also needs to be
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present for the receptor to be activated. Second, in order for NMDA receptorsto be
activated, they not only need to be stimulated by glutamate, but they also need to
be sufficiently stimulated electrically. The reason for this is that the NMDA ion '
channel is normally blocked by magnesium ions (Mg?"). Glutamate alone is not able
to activate the receptor because of this block. However, when the neuronal
membrane is also electrically stimulated, that is, depolarized (by the activation of
AMPA or kainate receptors on the same postsynaptic neuron), the Mg®* blockade of
the ion channel is relieved. Then the NMDA receptor channel opens and permits the
entry of both sodium and calefum fons, which further increases neuronal excitation.
The NMDA receptor ion channel also has a binding site for phencyclidine (PCP) and
ketamine (two psychedelic drugs discussed in Chapter 8}. These two drugs also
block the NMDA receptor (see Chapter 3) and therefore prevent glutamate-induced

neuronal activation.
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Advokat/Comaty/julien, Julien's Prirmer of Drug Action, 14e,
© 2019 Worth Publishers

FIGURE 2.1% 5chematic drawing of the MMDA {N-methyl-B-aspartaie) recepror (PCP 15 discussed in
Chapter 8,

NMDA receptors play a critical role in regulating synaptic plasticity. Activation of
these receptors is responsible for basal excitatory synaptic transmission and many
forms of neurophysiological mechanisms that are thought to underlie learning and
memory. Because these receptors are involved in cognitive processes, they are
potential targets for therapies for Alzheimer’s and other dementias. In 2004,
memantine, the first anti-Alzheimer’s drug that acts through a glutamatergic

mechaniam. harame available for clinical 1152 fsee Chantar 18).
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mechanism, became available tor clinical use (see whapter Lo}

Although a normal amount of NMDA activity plays an important role in neuronal
“health,” excessive glutamatergic signaling is also involved in neuronal toxicity, a
phenomenon by which nerve cells ate damaged. Too much glutamate can lead to
neuronal destruction through overactivity of NMDA receptors, which allows high
amounts of calcium ions to enter the neuron (see Figure 2.19). Excess caleium
activates enzymes, which then cause damage to cell structures and to DNA. For
example, ethanol (see Chapter 5} reduces glutamate activity and alcohol
withdrawal markedly increases glutamate release from neurons. Traumatic head
injury also results in massive release of glutamate and attempts to provide “brain
protection” after head injury is aimed at preventing glutamatergic overactivity.
Anoxia (oxygen deficiency), hypoglycemia, and epilepsy are other glutamate-
releasing events that can lead to neuronal damage. Research is also focusing on the
possibility of glutamate dysfunction in the pathogenesis of schizophrenia, especially
the negative symptoms and the cognitive dysfunction associated with the disorder
{see Chapter 11).

Gamma Aminobutyric Acid

Gamma aminobatyric acid (GABA), the universal inhibitory transmitter, is found in
high concentrations in the brain and spinal cord. Two different types of GABA
receptors are categorized as GABA, and GABAp (Figure 2.20). GARA, receptors are
fast receptors. Activation of this receptor by GABA opens an ion channel and leads
to an influx of chloride into the cell, hyperpolatizing the cell and reducing its
excitability. Barbiturate and benzodiazepine binding to this receptor facilitates the

action of GABA (see Chapter 13), which is responsible for the anxiolytic, amnestic,
and anesthetic effects of these sedative drugs. GABA, receptors are found in high
density in the cerebral cortex, hippocampus, and cerebellum.
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FIGURE 2.20 Schematic of the GABA synapse. GABA, recepiors are fast {fonotroplc; Chapker 3)
recepiors and found on the posisynaptic membrane GABAg recepiors are metabotropic and found
on both pre- and postsynapiic membranes, GAT is the GABA transporter; GAD is glutamic acdd
decarboxylase, which converis L-glutamic acd to GABA; GABA-T is the enzyme transaminase, which
metiabolizes GABA,

Numerous sub-subtypes of the GABA, recepior occus, allowing for the
i development of a variety of agonists and antagonists (see Chapter 13). Such drugs

might be novel antianxiety agents, anticonvulsants, or cognitive enhancers.

GABAp receptors are slow-response receptors. Activation of GABAp receptors in
the amygdala is associated with the membrane-stabilizing, antiaggressive
| properties of valproic acid, a drug widely used to treat bipolar disorder (see
Chapter 14).

Peptide Neurotransmitters
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