











Which Antipsychotics are SPAs?
(Serotonin 1A Partial Agonists)
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FIGURE 10-56 SHT1A partial agonists. Ziprasidone, quetiapine, and clozapine are all partial agonists al
serotonin (SHT) 1A receptors, in addition to being antagonists at SHT1A receptors. Aripiprazole is not only 2
partial agonist at D2 receptors but also an antagonist at SHT2A receptors and a partial agonist at 5SHTLA
receptors. Bifeprunox is partial agonist at both D2 and SHTLA receplors.

potential links berween pharmacology and clinical actions, Wherever there is evidence
of differentiation among the many members of the antipsychotic class, we will emphasize
potential pharmacological explanations for clinical distinctions. Pharmacokinetic properties
as well as neurotransmitter receptor binding actions and clinical effects are discussed for
antipsychotics in general and for fifteen important antipsychotics in particular.

Links between antipsychotic binding properties and clinical actions
Antipsychotics have perhaps the most complicated pattern of binding to neurotransmitter
receptors of any drug class in psychopharmacology. So far, we have concentrated on just
three receptors: the D2 dopamine receptor, the SHT2A receptor, and the SHT1A receptor.
In reality, there are at least a dozen more receptors to which one or another of the antipsy-
chotic drugs also bind (Figure 10-57A). Scientists are just beginning to unravel the clinical
significance of these receptor actions, but it is clear that many of them are clinically relevant,
contributing to therapeutic actions (Figure 10-57B), side effects (Figure 10-57C), and the
clinical differentiation between one agent in this class and another (discussed later in this
section and illustrated in Figures 10-90 through 10-104).

Although the actions of these drugs on the various receptors are fairly well estab-
lished, the link of this receptor binding to clinical actions remains hypotherical, with some
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links better established than others. We have already discussed the side effects mediated
by unwanted 132 receptor blockade, namely extrapyramidal side effects, tardive dyskine-
sia, hyperprolactinemia, and worsening of negative, cognitive, and affective symptoms in
schizophrenia. Here we rackle the possible pharmacological mechanisms involved in medi-
ating two other important side effects: cardiometabolic risk and sedation (Figures 10-57A,
10-58, and 10-66). Later, we will attempt to link other pharmacological properties to both
the efficacy and differential side effects of individual atypical antipsychotics (Figures 10-90
through 10-104).

Cardiometabolic risk and antipsychotics

Atypical antipsychotics have been on the market for over a decade, and only now is it
becoming clear that some of these agents are associated with significant cardiometabaolic
risk (Tables 10-2 through 10-4) and with pharmacological actions that may mediate this
cardiometabolic risk {Figure 10-58). At first, weight gain and obesity were clearly linked to
atypical antipsychotics (Table 10-2 and Figure 10-59), but more recently, increased risk for
dyslipidemia, diabetes, accelerated cardiovascular discase, and premature death have been
linked to certain drugs in this class as well (Tables 10-3 and 10-4; Figures 10-60 through
10-65).

All of us in western civilization and particularly in the United States, live in a soci-
ety experiencing an cpidemic of obesity and diabetes. The “metabolic highway” begins
with increased appetite and weight gain and progresses to obesity, insulin resistance, and
dyslipidemia with increases in fasting triglyceride levels (Figure 10-60). Ultimately, hyper-
insulinemia advances to pancreatic beta cell failure, prediabetes, and then diabetes, Once
diabetes is established, risk for cardiovascular events is further increased, as is the risk of
premature death (Figure 10-60).

Cardiovascular discase and diabetes are illnesses determined by both the environment
and genetics, Lifestyle factors such as poor diet, lack of exercise, stress, and smoking inter-
act with genetic risk factors such as family history of cardiovascular disease and diabetes
associated with genes coding for subtle molecular abnormalities that appear to “bias” the
body towards developing cardiovascular disease and diabetes. In the twenty-first century, the
schizophrenic patient thus comes to treatment with the same environmental cardiometabolic
risk factors that affect all of us. In addition, there is some indication that whatever genes add
risk for serious mental illness may also add incremental risk for cardiometabolic disorders,
For these reasons, it was not recognized early following the introduction of atypical antipsy-
chotics that some of these agents enhanced cardiometabolic risk beyond these background
factors of genes and environment (see Tables 10-2 through 10-4 and Figures 10-58 through
10-65).

As already mentioned, the first indication that certain atypical antipsychotics are asso-
ciated with increased cardiometabolic risk was the recognition that weight gain, sometimes
profound, is associated with some antipsychotics (Table 10-2). Receptors associated with
increased weight gain arc the 11 histamine receptor and the SHT2C serotonin receptor;
when these receptors are blocked, particularly at the same time, patients can experience
weight gain (Table 10-2 and Figures 10-58 and 10-59). Such weight gain is at least in part
due to enhanced appetite in hypothalamic eating centers (Figure 10-59), although periph-
eral factors unrelated to appetite may also be involved in antipsychotic-induced weight gain.
Antipsychotics associated with the greatest degree of weight gain are those that have the
most potent antagonist actions simultaneously at H1 and SHT2C receptors (Table 10-2
and Figures 10-58 and 10-59; see also Figures 10-90 through 10-104). Since weight gain
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Which Receptors Hypothetically Mediate Cardiometabolic Risk?

FIGURE 10-58 Receptors mediating cardiometabolic risk. Which receptors hypothatically mediate
cardiometabolic risk? Serotonin-2C, muscarinic-3, and histamine-1 receptors as well as receptors yet to be
identified (signified here as receptor X), are all hypothetically linked to cardiometabolic risk. In particular,
antagonism of serotonin-2C and histamine-1 receptors is associated with weight gain, while antagonism at
muscarinic-3 recaptors can impair insulin regulation, An unknown receptor X may be involved in the rapid
production of insulin resistance and may also rapidly cause elevated fasting plasma triglyceride levels in some
patients who experience increased cardiometabolic risk on certain atypical antipsychotics.

can lead to obesity, obesity to diabetes, and diabetes to cardiac disease along the metabolic
highway {Figure 10-60), it scemed feasible ar first that weight gain might explain all the
other cardiometabolic complications linked to treatment with those atypical antipsychotics
that cause weight gain (Table 10-2).

However, it now appears that the cardiometabolic risk of certain atypical antipsychotics
cannot simply be explained by increased appetite and weight gain, even though they certainly
do represent the first steps down the slippery slope toward cardiometabolic complications
{Figure 10-61). That is, some atypical antipsychotics can clevate fasting triglyceride levels
and cause increased insulin resistance in a manner that cannot be explained by weight gain
alone (Tables 10-3 and 10-4; Figures 10-62 and 10-63; sce also Figures 10-90 through
10-104). When dyslipidemia and insulin resistance occur, this moves a patient along the

FIGURE 10-57A, B and C Pharmacological properties of atypical antipsychotics. Atypical antipsychotics have
some of the most complex mixtures of pharmacological properties in psychopharmacology. (A) Bevond
antagonism of serotonin (5HT) 24 and D2 receptors, agents in this class interact with multiple other receptor
subtypes for bath dopamine and serotonin, including SHT1A, BHTLD, SHT2C, BHT3, SHTE, SHTY, the SHT
transporter, and D1, D3, and D4, Atypical antipsychotics may have effects on other neurotransmitter systems as
well, with inhibition of the norepinephrine transporter as well as muscarinic-1, muscarinic-3, histamine-1,
alpha-1 adrenergic, and alpha-2 adrenergic receptors. In addition, some atypical antipsychotics may have actions
that alter cellular insulin resistance and increase fasting plasma Irl_giyteﬁ{le levels, hypathetically due to action at
receptors that are not yet well understood, signified by receptor X in this picture, Some of these multiple
pharmacological properties can contribute to the therapeutic effects of atypical antipsychotics (B), whereas others
can contribute to their side effects (). No twao atypical antipsychotics have identical binding properties, which
probably helps to explain why thay all have distinctive clinical properties.
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TABLE 10-2 Atypical antipsychotics and risk of weight gain: FDA and

experts agree on three tiers of risk

Anripsychotic

Risk for Weight Gain

Cloapine
Olanzapine
Risperidone®
Cluetiaping
Ziprasilone
Aripiprazole
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“Risperidone’s active metubolite paliperidone likely poses the same risk of

weight gain as risperidone irself,

FDA, US Food and Drug Administration.

TABLE 10-3 Atypical antipsychotics and cardiometabolic risk: FDA and
experts disagree on one versus thres tiers of risk

Cardiometabolic/Dyslipidemia/Diabetes Risk

Antipsychotic  Expert consensus  CATIE FDA

Clozapine Definite risk ND Diabetes warning
Olanzapine Definite risk Definite risk  Diabetes warning
Risperidone®  Inconclusive Intermediate  Diabetes warning
Cluetiapine Inconclusive Definite risk  Diabetes warning
Ziprasidone +/— limited data  Low-risk Diabetes warning
Aripiprazale  +/— limired data ND Diabetes warning

*Risperidone’s active metabolite paliperidone likely poses the same car-

diometabolic risk as risperidone irself

WD, not done {clozapine and aripiprazole not studied in caely phases of this

teial).

CATIE, Clinical Antipsychoric Trials of Intervention Effectiveness.
FDA, US Food and Dhrug Administration.

TABLE 10-4 Are there “metabolically friendly” atypical antipsychotics?
Low-risk agents for weight gain and cardiometabolic iliness

Antipsyehotic Cardiomerabolic Risk
Ziprasidone Low

Aripiprazole Low

Amizsulpride Passibly low but not well studied
Bifeprunox Possibly low, studics in progress
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Histamine H1 Combined with Serotonin 2C Antagonism May Stimulate Appetite
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FIGURE 10-59 H1 combined with SHT2C antagonism. Histamine 1 (H1) combined with serotonin-2C
antagonism may stimulate appetite. Antagonism of serotonin-2C and/or H1 receptors can lead to weight gain,
perhaps at least in part due to stimulation of appetite regulated by the hypothalamus.

metabolic highway toward diabetes and cardiovascular disease (Figure 10-60). Although
this happens in many patients with weight gain alone, it also occurs in some patients whao
take atypical antipsychotics prior to gaining weight, as though there were an acute receptor-
mediated action of these drugs on insulin regulation.

This hypothesized mechanism is indicated as receptor X on the drug icon in Figures
10-57 and 10-58 and on the icons for those agents hypothesized to have this action on
insulin resistance and fasting triglycerides (see Tables 10-3 and 10-4 and Figures 10-90
through 10-104). To date, the mechanism of this increased insulin resistance and elevation
of fasting triglycerides has been vigorously pursued but has not yet been identified. The
rapid clevation of fasting triglycerides on initiation of some antipsychotics and the rapid fall
of fasting triglycerides on discontinuation of such drugs (Table 10-3) is highly suggestive
that an unknown pharmacological mechanism causes these changes, although this remains
speculative. The hypothetical actions of atypical antipsychotics with this postulated receptor
action are shown in Figure 10-62, where adipose tissue, liver, and skeletal muscle all develop
insulin resistance in response to administration of certain antipsychotic drugs (e.g., high-
risk drugs listed in Table 10-3 but not metabolically friendly drugs listed in Table 10-4), at
least in certain patients,

Whatever the mechanism of this effect, it is clear that fasting plasma triglycerides
and insulin resistance can be elevated significantly in some patients taking certain antipsy-
chotics (Tables 10-3 and 10-4) and that this enhances cardiometabolic nisk, moves such
patients along the metabolic highway (Figure 10-60), and functions as a second step down
the slippery slope toward the diabolical destination of cardiovascular events and prema-
ture death (Figure 10-63). This does not happen in all patients taking an antipsychotic
(Tables 10-3 and 10-4), but the development of this problem can be detected by monitoring
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