Chapter 2
Receptor Binding Targets for Antipsychotic
Efficacy

Maureen M. Grainger, Rebecca Ahlbrand, Paul S. Horn,
and Neil M. Richtand

Abstract In order to identify the contribution of individual serotonin and dopamine
receptor subtype binding targets to antipsychotic medication efficacy, we analyzed
correlations between binding affinity to cloned dopamine and serotonin receptor
subtypes and clinically effective drug dose for atypical antipsychotic medications.
The strongest correlation was observed between binding affinity to the D, subtype
dopamine receptor and clinically effective atypical antipsychotic medication drug
dose (r=0.77, p=0.005). In contrast, binding affinity to the D, (r=0.59, p=0.056)
and D, subtype dopamine receptors (r=0.23, p=0.23) exhibited lower correlations
with atypical antipsychotic medication dosages. No direct correlations were
identified between atypical antipsychotic medication dose and binding affinities to
serotonin 5-HT,,, 5-HT,,, 5-HT,, or 5-HT, receptor subtypes. Highly significant
correlations were also observed between atypical antipsychotic medication dose
and the ratios of D,/5-HT,, (r=0.69, p=0.019); D,/5-HT,, (r=0.69, p=0.02); D, x
5-HT,, (r=0.71, p=0.014); (D, x D,)/5-HT, (r=0.81, p=0.002); (D, x D, x
5-HT))/5-HT,, (r=0.74, p=0.010); (D, x D, x 5-HT,,)/5-HT , (r=0.76, p=0.007);
(D, x D, x 5-HT,.)/5-HT, (r=0.76, p=0.007); and (D, x D, x 5-HT,, x
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5-HT,.)/5-HT,, (r=0.72, p=0.013) receptor binding affinities. These observations
suggest opposing interactions among three distinct domains of receptor binding
targets contribute to the antipsychotic effects of atypical antipsychotic medications:
(1) D, and D, dopamine receptor binding affinity enhance atypical antipsychotic
medication potency. (2) Binding affinity to serotonin 5-HT,,, 5-HT,, and 5-HT,
receptors also facilitates antipsychotic efficacy. (3) In contrast, enhanced binding
affinity to serotonin 5-HT , receptor reduces antipsychotic medication potency.

Keywords Dopamine ¢ Serotonin ¢ Schizophrenia ¢ Psychosis ¢ Neuroleptic
* Antipsychotic

Abbreviations

5-HT  Serotonin

FDA Food and Drug Administration

NIMH National Institute of Mental Health
PDSP  Psychoactive Drug Screening Program

2.1 Introduction

Thirty-five years after Seeman and Creese published their seminal observations
on the relationship between D, dopamine receptor binding affinity and antipsy-
chotic medication potency [1, 2], mechanism(s) of action underlying the efficacy
of antipsychotic medications continues to be a topic of interest and controversy
[3-5]. Since the original observations of Seeman and Creese, each of the recep-
tor targets for antipsychotic medications have been cloned, and binding data for
each antipsychotic medication to the cloned human receptor is available.
Additionally, recommended therapeutic dosages of antipsychotic medications
have decreased substantially since those initial observations. Based on those
developments, we analyzed the relationship between antipsychotic drug dose and
binding affinity to cloned human dopamine and serotonin receptors [6]. That
analysis suggested therapeutic efficacy for typical antipsychotic medications
derived largely from D, dopamine receptor binding, while D, dopamine receptor
binding affinity was not directly correlated to clinically effective dose for typical
antipsychotic medications. Additionally, serotonin 5-HT,, receptor binding
inhibited potency for typical antipsychotic medications. In contrast, therapeutic
efficacy for atypical antipsychotic medications was most highly correlated with
combined effects of binding at D2, 5-HT,,, and 5—HT2C receptors, while sero-
tonin 5-HT, receptor binding also inhibited potency for atypical antipsychotic
medications. At the time of that earlier evaluation, full data was available for
only seven atypical antipsychotic medications.
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Since that initial analysis, four additional atypical antipsychotic medications have
received FDA approval for therapeutic efficacy targeting psychotic symptoms in schizo-
phrenia. The increase in sample size achieved by the addition of data for these newer
medications increases the statistical power to identify relationships between receptor
binding affinity and clinical potency for atypical antipsychotic medications. Additionally,
there has been recent interest in potential therapeutic effects of serotonin 5-HT, antago-
nists in schizophrenia [7] as a result of data from preclinical studies examining effects of
selective serotonin 5-HT, antagonists in animal models of relevance to psychotic and
cognitive symptoms of schizophrenia [8—11]. Based upon those developments, we ana-
lyzed correlations between dopamine and serotonin receptor binding affinities, and
clinically effective drug dose for 11 atypical antipsychotic medications with approved
indications for the treatment of psychotic symptoms of schizophrenia.

2.2 Methods

Drug affinity K. values determined by the NIMH Psychoactive Drug Screening
Program (PDSP) [12] were used for data analysis, in order to minimize the influence
of assay condition variability on receptor K, values [13]. K, values chosen for analy-
sis were those listed as NIMH Psychoactive Drug Screening Program assay certified
data, determined from assays using the cloned human receptors with drug of interest
as test ligand. For K. values for which PDSP certified assay data were not listed, the
average K, value from assay data compiled on the PDSP web site [12] using the
cloned human receptor with drug of interest as the test ligand was utilized. K, values
from cloned human receptor for drug/receptor combinations not listed in the PDSP
database were identified from published literature [14—16]. Tables 2.1 and 2.2 list K,
values used in our analysis along with data source. All binding data analyzed in our
study has been previously reported, as described in Tables 2.1 and 2.2.

Average daily antipsychotic drug dose was determined from data in randomized,
controlled clinical trials where possible [17], supplemented by the recommended dosage
ranges from the ePocrates Rx drug reference guide (ePocrates, San Carlos, California).
The midpoint of the dose range was utilized in subsequent calculations. Values for antip-
sychotic drug dose used in our analyses are included in Tables 2.1 and 2.2.

2.2.1 Data Analysis

Antipsychotic medication doses and binding affinities were log-transformed prior
to analysis. Data were analyzed by Pearson correlation using GraphPad Prism soft-
ware (GraphPad Software, Inc., La Jolla, CA) to test for correlations between antip-
sychotic doses and binding affinities for individual receptor subtypes and interactions
between receptor subtypes. The linear correlation coefficient () is reported as a
standardized measure of strength of association for each regression.



M.M. Grainger et al.

28

[p1] paurgaapun pjoq syvir [G1] poq oyvir [91] pautjsapun 21jpy1 ‘wesw dsequiep 15 dSAd #40f 1pi1 ‘eyep paynidd Jsdd 1uof [putioN

751 £6e 800 L1 9F Tt 0 o€ 091-071 suopiseadrz
L9°L1 626 9§ L8°F 8 Pt YTl S[opunIdg
91 £92 91 zrL Tl 09 £LF 6 909 Sw -1 suopLadsry
8ELT £€T'T 9/2°C €8t 20 999 L9S TIL 0SL-0ST surdenon®
6T €S 97 ¥'6 01y 9 suopuiadifed
06 sor Tt 'Ll €9 zse 9'tE L 8¢ S1-01 surdezue|Q
VA 14 76t ST $66°0°62€0 89°1 {74 08-0% suopiseany
6I€ LETT SLEl SS0r €9 €l S€ 9IT vTel suopuadory
S€T 0€ TSk §e 9t9 961 Pl €572 681 009-00€ surdezor)
68 96 69 799 69 [ 0701 surdeussy
9L9°1 000°1< Sy $L0 S6°0 L8€ S1-01 orozexdidiry
‘a "a “a 'a ‘a 3uo| ‘q 1oys ‘q ‘a 'a (Sw) Sniq
OwOﬁ ®>Eo®,ﬁo
(W) sonep Aqresmun)

sanfea '3[ 101dooas suredop uoneopaw onoyoAsdnuy g A[qBL



29

2 Receptor Binding Targets for Antipsychotic Efficacy

[ST1 proq oyvar “[91] paurjsapun o1ypy1 ‘wesw dsequiep 13 dSAd #1of 1pi1 ‘eyep paynIdd Jsdd 1uof [puLioN

9 19 162 000°01< €I £L0 6LT'1 6 ¥ 9,  SwQ9l—Oyl  ouopiseidrz
'8¢ FS 60 /860  09€ 0st 96 09 087 Sw gzl a[opunIag
99  T¥T'T  $S0T 000°0T< FEE 9Ty ISFO  O0FZT  000°0T< 6T 9°€S LTy Swi—1  ouopradsry
80€  ¥98T  OTI'E 00001<  £#8°T 9zS  0¥ZT 0¥'T  000°0T<  60T°T 1€y Swogi-0sT  eurdenand
LT ¥IYT  6'LLT 00001< S# 9819 6'1 000°01< 10ST  L'80T  §°L£9 Swg  ouopuadied
o1 09  TITIT 20T L S 06%  0If 80%'C 7851 60S  €90°C S1-01  ouidezue|Q

S6#°0 1974 £0°C SL'9 08-0v  Quopisein
T 60°€9 0000  66°9%1 ¥6'I SI T8 ITE6 ¥Z—¢1  suopuadofg

81 LT LSS'€ 8% 6F¥I  SEL sr6 o€l 996 TETT 86€ o1 009-00¢ aurdezor)
766 96 799 9¢0 SZ6  SIO0I 7e 99 0201 surdeussy
01 vLS  THTT 879 ¥z 950 Sl 000°S €9 €€s 9'g S1-01  drozeididiry

LH-S LH-S 'SIH-S 'ILH-S ~IHS ~1HS IHS "1H-S “1HS .HS .LlHS LlH-S (Bw) 3nig
QS0P QAR
(W) sanfeA Y Aeorury

sonfea 'y 103do0d1 UIU0J0IAs uonEdIpaWw onoydAsdnuy g dqel,



30 M.M. Grainger et al.
2.3 Results

The correlation between average clinically effective antipsychotic dose and binding
affinity to the cloned human D, receptor is illustrated in Table 2.3 and Fig. 2.1.
Clinically effective dose and binding affinity to D, dopamine receptor were mod-
estly correlated for second-generation antipsychotic medications (r=0.59, p=0.056).
In contrast, average clinically effective atypical antipsychotic medication dose and
binding affinity to the cloned human D, receptor are highly correlated [(r=0.77,
p=0.005), Table 2.3 and Fig. 2.1]. Average clinically effective atypical antipsy-
chotic medication dose and binding affinity to the cloned human D, receptor are not
correlated [(r=0.23, p=0.23), Table 2.3 and Fig. 2.2].

The relationship between average clinically effective antipsychotic dose and
binding affinity to the cloned human 5-HT ,, 5-HT,,, 5-HT2C, and 5-HT7 receptors
is shown in Table 2.3. No direct correlations were identified between atypical antip-
sychotic medication dose and binding affinities to these serotonin receptor
subtypes.

In order to evaluate possible interactions between receptor subtypes playing a
role in mechanism of antipsychotic efficacy, we analyzed correlations between log
(average dose) and log (ratio of binding affinities) for combinations of individual
receptor subtypes, as summarized in Tables 2.3, 2.4, 2.5 and 2.6. Significant correla-
tions were identified between dose and D,/5-HT,, (r=0.69, p=0.019) and D,/5-
HT  , binding affinity ratios (r=0.69, p=0.020) (Fig. 2.3). In contrast, there was not
a significant correlation between clinically effective antipsychotic dose and D /5-HT
binding affinity ratio (r=0.41, p=0.21) (Table 2.3).

The relationship between receptor subtype binding and clinical efficacy was further
evaluated for atypical antipsychotic medications using a more comprehensive set of
binding affinity ratios. While there is not a universal consensus on this issue, it has
previously been suggested that the antipsychotic effect of atypical antipsychotic
medications results from a balance of inhibition at serotonin 5-HT,, 5-HT2C, and
dopamine D, receptors [18-21], coupled with simultaneous agonist effects at sero-
tonin 5-HT,, receptors [22-24]. In order to identify therapeutic benefits resulting
from the interaction between simultaneous effects at these receptor subtypes, we

Table 2.3 Correlation between clinically effective antipsychotic dose and receptor binding
affinity

D D D 5-HT 5-HT,,

2 3 4 1A

n r pvalue n r pvalue n r pvalue n r pvalue n r  pvalue
11 .59 .056 11 .77 .005 11 23 .23 11 .11 .76 11 .52 .10
5-HT ,. 5-HT, D,/5-HT D,/5-HT |, D/5-HT,

n r pvalue n r pvalue n r pvalue n r pvalue n r  pvalue
11 .33 32 11 23 .49 11 .69 .019 11 .69 .020 11 41 21
Bold font indicates p-value <0.05
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Fig. 2.1 Clinically effective atypical antipsychotic medication dose vs. binding affinity to cloned
human dopamine D, (upper panel) and D, receptor (lower panel)

analyzed the relationship between clinically effective antipsychotic medication dose
and ratios incorporating the binding affinities for each of these receptor systems. We
also included serotonin 5-HT, receptor binding affinity in the data analysis. As
shown in Table 2.4, atypical antipsychotic medication dose and binding affinity
ratios to D, (5-HT,,/5-HT,,) (r=0.66, p=0.027) and D, (5-HT,,/5-HT,) (r=0.70,
p=0.017) are highly correlated. Similar correlations were observed between atypi-
cal antipsychotic medication dose and D, (5-HT,/5-HT,,) (r=0.65, p=0.030) and
D, (5-HT,/5-HT,,) (r=0.64, p=0.033) binding affinity ratios (Fig. 2.4).
Combining binding affinity at D, D,, and 5-HT,, receptors identifies a significant
correlation between these variables and clinically effective antipsychotic medication
dose (D, x D, x 5-HT,,, r=0.70, p=0.018, Table 2.4). Modifying the relationship

2A°
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Fig. 2.2 Clinically effective atypical antipsychotic medication dose vs. binding affinity to cloned
human dopamine D, receptor

via the inclusion of a functionally opposing role for serotonin 5-HT, , receptor (i.e.
D,xD,x5-HT,,/5-HT, ) strengthens the resulting degree of correlation (Table 2.5).
Similar results were observed by including or omitting terms for serotonin 5-HT |,
receptor effects on the combined binding affinity at D,, D,, and 5-HT,. receptors
(D, x D, x 5-HT,, r=0.69, p=0.020; D, x D, x 5-HT, /5-HT,, r=0.76, p=0.007,
Fig. 2.5).

The receptor binding relationships can also be modified so that dopamine D, or
D, and serotonin 5-HT,, receptor binding no longer have functionally opposite
roles, and D, or D, binding no longer has a functionally similar action as 5-HT,, and
5-HT, . binding, by inverting the serotonin receptor affinity terms [i.e., D, (5-HT,/5-
HT,,); D, (5-HT,,/5-HT,.); D, (5-HT,,/5-HT,,); and D, (5-HT,,/5-HT,.), Table 2.6,
right two columns]. This modification completely eliminates the correlation between
binding affinity ratio and drug dosage for atypical antipsychotic medications.

2C° 1A?

2.4 Discussion

The data presented above extend our prior analysis of the relationships between
receptor binding affinity to dopamine and serotonin receptor subtypes, and clini-
cally effective antipsychotic medication drug dosage [6]. These examinations
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Table 2.5 Correlation between clinically effective antipsychotic dose and receptor binding affinity

ratios
(D, x D, x 5-HT,,)/5- (D, x D, x 5-HT,.)/5-

(D, xD,)/5-HT,, (D, x D,)/5-HT, HT,, HT,
n r pvalue n r p value n r p value n r p value
11 81  .002 11 .69 .018 11 .76  .007 11 .76 .007
(D, x D, x 5-HT,)/5-  D,(5-HT,, x 5-HT,.x D,(5-HT,, x 5-HT,.x (D, x D, x 5-HT,, x

HT,, 5-HT,)/5-HT 5-HT,))/5-HT 5-HT,.)/5-HT
n r pvalue n r p value n r p value n r p value
1 .74 .010 11 .62 .042 11 .65 .031 1 .72 013

Bold font indicates p-value <0.05

follow the approach of the original analyses by Seeman and Creese demonstrating
a linear correlation between a drug’s binding affinity to D,-family dopamine receptors
and clinically effective antipsychotic drug dose [1, 2]. The assessment of binding
data from cloned human dopamine and serotonin receptor subtypes provides an
opportunity to test correlations between clinically effective drug dosages and affinity
to catecholamine receptor subtypes which were not available for binding analyses at
the time of these original studies in the 1970s. Here we include data from four addi-
tional atypical antipsychotic medications more recently approved by the United
States Food and Drug Administration for efficacy targeting psychotic symptoms in
schizophrenia. The increased sample size adds statistical power to identify significant
relationships between antipsychotic effects of atypical antipsychotic medications
and receptor binding targets. The major findings identified by these analyses are
discussed below.

2.4.1 D3 Dopamine Receptor Provides a Molecular Binding
Target for Antipsychotic Efficacy

Compared to earlier analyses, the addition of four new atypical antipsychotic medi-
cations to the data set increased the strength of correlation between D, dopamine
receptor binding affinity and antipsychotic drug dose (r=0.77, p=0.005). The mod-
est correlation between D, dopamine receptor binding affinity and atypical antipsy-
chotic medication dose (r=0.59, p=0.059) is also strengthened in the current
analysis, and is comparable in magnitude to the correlation between these measures
for typical antipsychotic medications identified in our earlier study [(r=0.54,
p=0.046) [6]]. The earliest reports describing D, dopamine receptor expression
suggested a role for this receptor as a molecular target for antipsychotic medications
based upon the highly restricted pattern of D, receptor expression within limbic
brain regions believed to play an important role in psychotic symptoms [25, 26]. D,
dopamine receptor is believed to have primarily extrasynaptic localization, based
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Fig. 2.3 Clinically effective antipsychotic medication dose vs. ratio of binding affinities to cloned
human dopamine D /serotonin 5-HT, , receptor (upper panel) and dopamine D /serotonin 5-HT
receptor (lower panel)

upon the lack of overlap between D, receptor protein expression and synaptic
proteins such as synaptophysin [27]. Further evidence for a functional role sam-
pling extra-synaptic dopamine concentrations comes from the high affinity of the D,
receptor for dopamine. The low affinity state D, receptor Ki=30 nM [26], close to
basal extracellular dopamine concentrations (3—5 nM [28, 29]). In contrast, D, and
D, receptor affinity for dopamine are far lower: D, K. [(nM)]=2,000, and D, K,
[(nM)]=2,300 [26]. These differences in dopamine binding affinity are consistent
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Fig. 2.4 Clinically effective antipsychotic medication dose vs. ratio of binding affinities to cloned
human dopamine D, x (serotonin 5 -HT, /serotonin 5-HT, ,) receptor (upper panel) and dopamine
D, x (serotonin 5 -HT, /serotonin 5-HT ) receptor (lower panel)

with the cellular localization of the D, receptor, suggesting D, receptor stimulation
signals tonic dopamine concentrations, while post-synaptic D /D, receptor stimula-
tion signals phasic dopamine concentrations.

Direct clinical evidence for D, receptor as a molecular target for effective treat-
ment of psychotic symptoms of schizophrenia is more limited and variable. The D,
receptor antagonist (+)-UH232 further worsened positive psychotic symptoms in
schizophrenia patients following a single treatment dose. Patients receiving (+)-UH232
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Fig. 2.5 Clinically effective antipsychotic medication dose vs. ratio of binding affinities to cloned
human dopamine D, x D, x serotonin 5 -HT,, receptor (upper panel) and dopamine D, x D, x
serotonin 5 -HT, /serotonin 5-HT, , receptor (lower panel)

in a placebo-controlled study experienced worsening of symptoms including unusual
thought content, anxiety, activation, and hostility during the 8 h following single
dose treatment [30]. In contrast, the partial D, dopamine receptor agonist
(-)-3-(3-hydroxyphenyl)-N-n-propylpiperidine [(-)-3PPP] improved psychotic
symptoms in schizophrenia patients for up to 1 week. The therapeutic benefit did
not persist with repeated treatment in this study [31]. Because [(-)-3PPP] is a non-
selective partial agonist with intrinsic activity at D, (83 %) and D, (35 %) as well as
at D, (44 %) dopamine receptors [31], a specific role targeting D, dopamine recep-
tor cannot be clearly determined from these observations. In a similar fashion, the
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D, preferring agonist pramipexole exhibits approximately seven-fold greater
potency at human D, relative to human D, receptor [32]. The addition of pramipex-
ole to treatment w1th haloperidol 1mproved symptoms in 60 % of schizophrenia
patients [33]. Studies utilizing medications with higher D, receptor selectivity [34]
would be needed to determine if psychotic symptoms in schizophrenia are effec-
tively treated by monotherapy targeting the D, dopamine receptor in isolation, or if
effective intervention requires coordinated effects simultaneously targeting multiple
receptors in concert.

2.4.2 Serotonin Receptor Contributions
to Antipsychotic Efficacy

Based upon preclinical studies examining effects of selective serotonin 5-HT,
antagonists in animal models of relevance to psychotic and cognitive symptoms of
schizophrenia [8—11], there has been considerable recent interest in potential thera-
peutic effects of serotonin 5-HT, antagonists in schizophrenia [7]. Our data analyses
do not identify direct correlations between atypical antipsychotic medication dose
and binding affinity to 5-HT,, 5-HT,,, 5-HT,, or 5-HT, subtype serotonin recep-
tors (Table 2.3). Therapeutic efficacy for atypical antipsychotic medications has
been suggested to result from a balance of inhibition at dopamine D,, serotonin
5-HT,,, and 5-HT,. receptors [18-21], while serotonin 5-HT, , receptor stimulation
appears to contribute to antipsychotic efficacy in rat models [23, 24, 35]. Consistent
with these concepts and similar to our earlier analyses [6], the addition of four new
atypical antipsychotic medications to the data set suggest therapeutic actions of
atypical antipsychotic medications are impacted by combined binding effects at dif-
ferent receptor subtypes. Clinically effective dosages of atypical antipsychotic med-
ication are highly correlated with the ratios of D /5-HT,, D,/5-HT ,, D, x 5-HT,,,
D, x 5-HT,,, (D, x D, x 5-HT,)/5-HT ,, (D, x D x 5-HT, )/5 -HT ,, and (D, x D,

x 5-HT,)/5-HT, receptor bmdmg affinities. Thus therapeutlc potency of atyplcal
antipsychotic medlcatlons is influenced by interactions among the following differ-
ent domains: (1) Increasing D, and D, dopamine receptor binding affinity enhances
antipsychotic potency. (2) Increasing serotonin 5-HT,,, 5-HT, ., and 5-HT, receptor
binding affinities also facilitate antipsychotic efficacy. (3) Increasing 5-HT , recep-
tor binding affinity, in contrast, reduces antipsychotic efficacy.

2.5 Limitations

Our analyses are limited to antipsychotic medication effects on positive psychotic
symptoms, and do not address efficacy for negative symptoms or cognition which
may be more important in terms of long-term functional outcome. Importantly, the
strength of correlations between receptor binding and antipsychotic efficacy
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identified in our analyses are restricted by a wide range of limiting factors.
Medication differences in absorption; metabolism; protein binding; and the pres-
ence of pharmacologically active metabolites all serve to weaken the observed cor-
relations. Additionally, the antipsychotic medication dose prescribed to patients
may be determined in part by side effects, and might therefore not accurately reflect
the “ideal” efficacy dose. The limited number of adequately powered clinical trials
to determine optimal dose for antipsychotic medications further limits the accuracy
of medication dosages employed in our analyses. Also, the binding data used in our
analyses, measuring ligand binding to cloned human receptors expressed in cell
culture systems, may be distinct from binding to limbic neurotransmitter receptor
populations in vivo. Differences in receptor phosphorylation, glycosylation, and/or
dimerization to hetero-oligomers [36-39] between in vivo and cell culture systems
lacking post-translational machinery could potentially alter receptor binding affinity.
And finally, this correlational approach is inherently limited by the complexities of
brain circuitry in which dopamine and serotonin receptors may function as a “brake”
in one brain region, and simultaneously as an “accelerator” in a different brain
region. For example, blockade of D, dopamine autoreceptors in cell body regions of
the ventral tegmentum increases both synthesis and release of dopamine, which
could worsen psychotic symptoms, while blockade of postsynaptic D, receptors in
limbic terminal regions would likely have an opposite behavioral effect. Thus, the
dysfunction of schizophrenia, resulting from a complex interaction of multiple
receptor and neurotransmitter systems [40], does not lend itself ideally to an analy-
sis of isolated receptor systems.

2.6 Conclusions and Future Directions

In summary, the data presented above demonstrate correlations between clinically
effective atypical antipsychotic medication dose and binding affinities to D,, D,, D,,
5-HT,,, 5-HT,,, 5-HT, and 5-HT, receptor subtypes. Given the numerous limita-
tions inherent in this approach (listed above), the strength of correlations described
in these analyses suggest the dopamine and serotonin receptor subtypes analyzed
provide the preponderance of antipsychotic effect of these medications. The specific
mechanism(s) underlying this clinical effect, however, remains obscure. The “dis-
connect” between the pharmacokinetics of receptor blockade and the extended time
lag until clinical benefit suggest antipsychotic efficacy, while initiated through bind-
ing to neurotransmitter receptor target(s), is likely the consequence of a downstream
cascade of alterations in gene transcription and translation. Studies identifying
the specific targets of altered gene transcription resulting from these drug-
neurotransmitter receptor interactions would therefore have high likelihood of
improving specificity and efficacy of antipsychotic medications.
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