
4488 Winter 2004, Vol. II, No. 1 F O C U S T H E  J O U R NA L  O F  L I F E LO N G  L E A R N I N G  I N  P S YC H I AT RY

Atypical
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(Reprinted with permission from the Canadian Journal of Psychiatry 2002; 47:27–38)

Philip Seeman, M.D., Ph.D.

Background: Although the principal brain target that all antipsychotic drugs attach to is the dopamine D2 recep-
tor, traditional or typical antipsychotics, by attaching to it, induce extrapyramidal signs and symptoms (EPS).
They also, by binding to the D2 receptor, elevate serum prolactin. Atypical antipsychotics given in dosages within
the clinically effective range do not bring about these adverse clinical effects. To understand how these drugs work,
it is important to examine the atypical antipsychotics’ mechanism of action and how it differs from that of the
more typical drugs. Method: This review analyzes the affinities, the occupancies, and the dissociation time-course
of various antipsychotics at dopamine D2 receptors and at serotonin (5-HT) receptors, both in the test tube and in
live patients. Results: Of the 31 antipsychotics examined, the older traditional antipsychotics such as trifluperazine,
pimozide, chlorpromazine, fluphenazine, haloperidol, and flupenthixol bind more tightly than dopamine itself to
the dopamine D2 receptor, with dissociation constants that are lower than that for dopamine. The newer, atypical
antipsychotics such as quetiapine, remoxipride, clozapine, olanzapine, sertindole, ziprasidone, and amisulpride all
bind more loosely than dopamine to the dopamine D2 receptor and have dissociation constants higher than that
for dopamine. These tight and loose binding data agree with the rates of antipsychotic dissociation from the
human-cloned D2 receptor. For instance, radioactive haloperidol, chlorpromazine, and raclopride all dissociate
very slowly over a 30-minute time span, while radioactive quetiapine, clozapine, remoxipride, and amisulpride dis-
sociate rapidly, in less than 60 seconds. These data also match clinical brain-imaging findings that show haloperi-
dol remaining constantly bound to D2 in humans undergoing 2 positron emission tomography (PET) scans 24
hours apart. Conversely, the occupation of D2 by clozapine or quetiapine has mostly disappeared after 24 hours.
Conclusion: Atypicals clinically help patients by transiently occupying D2 receptors and then rapidly dissociating
to allow normal dopamine neurotransmission. This keeps prolactin levels normal, spares cognition, and obviates
EPS. One theory of atypicality is that the newer drugs block 5-HT2A receptors at the same time as they block
dopamine receptors and that, somehow, this serotonin-dopamine balance confers atypicality. This, however, is not
borne out by the results. While 5-HT2A receptors are readily blocked at low dosages of most atypical antipsychotic
drugs (with the important exceptions of remoxipride and amisulpride, neither of which is available for use in
Canada) the dosages at which this happens are below those needed to alleviate psychosis. In fact, the antipsychotic
threshold occupancy of D2 for antipsychotic action remains at about 65% for both typical and atypical antipsy-
chotic drugs, regardless of whether 5-HT2A receptors are blocked or not. At the same time, the antipsychotic
threshold occupancy of D2 for eliciting EPS remains at about 80% for both typical and atypical antipsychotics,
regardless of the occupancy of 5-HT2A receptors. Relevance: The “fast-off-D2” theory, on the other hand, predicts
which antipsychotic compounds will or will not produce EPS and hyperprolactinemia and which compounds
present a relatively low risk for tardive dyskinesia. This theory also explains why L-dopa psychosis responds to low
atypical antipsychotic dosages, and it suggests various individualized treatment strategies.
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DEFINITION OF TYPICAL AND
ATYPICAL ANTIPSYCHOTIC DRUGS

Traditional or “typical” antipsychotics such as
haloperidol and chlorpromazine, when used in clin-
ically effective dosages, induce elevated levels of
serum prolactin, extrapyramidal signs and symp-
toms (EPS) and, after a period of time, tardive dys-
kinesia (TD). However, antipsychotic drugs such as
olanzapine, clozapine, quetiapine, and amisulpride
are “atypical” because, in contrast to the traditional
antipsychotics, they elicit low or negligible levels of
these untoward side effects while still effectively
controlling psychotic symptoms.

WHICH NEURON PATHWAY IS
CLINICALLY MOST AFFECTED BY
ANTIPSYCHOTIC DRUGS?

Immediately after the clinical introduction of
drugs for psychosis (1), clinicians observed that
patients taking these medications exhibited a
Parkinson-like syndrome of tremor, akinesia, and
rigidity (2). This drug-induced parkinsonism
strongly suggested that antipsychotic drugs were
interfering with dopamine pathways in the human
brain, because Parkinson’s disease was known to be
a disease of insufficient dopamine neurotransmis-
sion. This clinical observation gave birth to the
dopamine hypothesis of psychosis and antipsy-
chotic drug action (3).

Although it was suggested that chlorpromazine
and haloperidol blocked “5-hydroxytryptamine
(serotonin) and monoaminergic (noradrenaline
and dopamine) receptors” (4), it was not possible at
that time to conclude which of the 3 pathways was
selectively affected by antipsychotics. This is
because the turnover of noradrenaline, serotonin
(5-HT), and dopamine were all simultaneously
affected by the antipsychotics (4, 5). Andén and
others speculated that chlorpromazine and
haloperidol “reduce the elimination rates of these”
metabolites of noradrenaline, 5-HT, and dopamine
(5). Although Andén and others (6) subsequently
found that antipsychotic drugs in vivo had a
greater effect on dopamine turnover than on nora-
drenaline turnover, direct in vitro evidence for the
selective blockade of dopamine receptors was
found only later (7–9).

The multiple clinical and adverse effects of various
antipsychotic drugs depend on the combination of
receptors occupied, but the dopamine pathway is
the primary common target for all antipsychotic
drugs. More specifically, “no drug has yet been iden-
tified with antipsychotic action without a significant
affinity for the D2 receptor” (10, 11).

WHICH GROUP OF DOPAMINE
RECEPTORS IS CLINICALLY RELEVANT
FOR ANTIPSYCHOTIC DRUG ACTION?

There are 5 types of dopamine receptors in
human beings (12, 13). Types 1 and 5 are similar
in structure and drug sensitivity (14, 15), and these
2 receptors are referred to as the “D1-like” group or
class of receptors. Dopamine receptor types 2, 3,
and 4 are also similar in structure and are, there-
fore, grouped together as the “D2-like” group.
Dopamine receptors 2, 3 and 4, however, have sig-
nificantly different sensitivities to antipsychotic
drugs.

Al though the D1-like receptors are often men-
tioned as a primary target for antipsychotic drugs
(16), 3 findings indicate that the D1-like receptors
are not clinically relevant in the therapeutic action
of these drugs. First, D1 antagonists do not clini-
cally improve psychotic signs and symptoms
(17–19). Second, therapeutic maintenance dosages
of various antipsychotic drugs occupy low or negli-
gible levels of D1 receptors in the brains of patients
with psychosis (20). For example, therapeutic
dosages of haloperidol occupy less than 5% of the
dopamine receptors in the brain putamen of
schizophrenia patients (20). Although therapeutic
dosages of some antipsychotic drugs, such as cloza-
pine, occupy approximately 36% to 59% of brain
dopamine D1 receptors (21), there is no currently
known reason to believe that these occupied D1

receptors contribute to the unique properties of
clozapine. Third, for the D1 dopamine receptor,
the binding constants (that is, the dissociation con-
stants, also referred to as the inhibition constants,
or Ki values) of various antipsychotic drugs (22) are
very much higher than the concentrations of
antipsychotic drugs found in the cerebrospinal
fluid or in the plasma water of patients (12, 23,
24). In other words, if the free concentrations of
antipsychotic drugs were as high as the values for
the binding constants at D1, the drugs would be
toxic or lethal to patients.

Of the 3 D2-like receptors, only the D2 receptor
itself is blocked by antipsychotic drugs in direct
relation to their clinical antipsychotic potencies (8,
9, 25). Although this long-known relation is some-
times criticized as simply a relation between the
D2-blocking concentrations and the clinical
dosages at which EPS first appear, it is important to
note that the concentrations of antipsychotics
which block D2 receptors in the brain are precisely
identical to the concentrations found in the spinal
fluid or plasma water (that is, corrected for drug
binding to the plasma proteins) of patients whose
psychotic symptoms are successfully controlled by
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antipsychotics (Figure 1). Because it is known that
the clinical efficacy of antipsychotics is associated
with a blockade of 60% to 80% of D2 receptors in
the brain (26–28), the antipsychotic concentra-
tions shown on the ordinate in Figure 1 are those
needed to block 75% of D2 receptors in the pres-
ence of a physiological concentration of dopamine
(see next section).

ENDOGENOUS DOPAMINE RAISES THE
ANTIPSYCHOTIC CONCENTRATION
NEEDED FOR D2 BLOCK

Upon entry into the synaptic space, the antipsy-
chotic drug must compete with endogenous
dopamine for the receptor. Thus, the antipsychotic
therapeutic concentration needed to block 50% of
dopamine receptors in the presence of dopamine
will be higher than that needed in the absence of
dopamine. This is in accordance with the equation
C50% = Ki ´ [1+D/D2high], where D is the
dopamine concentration in the synaptic space and
where D2high is the dissociation constant of
dopamine at the high-affinity state of the
dopamine D2 receptor. The level of dopamine in

Figure 1.

The concentrations of antipsychotic drugs that block dopamine D2 receptors
in vitro (using [3H]raclopride) are identical to the concentrations of
antipsychotic drugs that are found in the spinal fluid or in the plasma
water (that is, corrected for drug binding to the plasma proteins) of
patients being successfully maintained on these drugs. The antipsychotic
concentrations needed to block 75% of D2 receptors in vitro is shown
(ordinate) because it is known that the clinical action of antipsychotics is
associated with a block of 60% to 80% of D2 receptors. (See text for
additional details.)

5500 Winter 2004, Vol. II, No. 1 F O C U S T H E  J O U R NA L  O F  L I F E LO N G  L E A R N I N G  I N  P S YC H I AT RY

the synaptic space in humans is not known but, in
the rat nucleus accumbens, it is between 1 and 4
nM at rest, momentarily rising to 200 nM for the
few milliseconds it takes for a nerve impulse to
propagate (29). The dopamine D2 receptor can
exist in either a high-affinity state or a low-affinity
state for dopamine. The high-affinity state,
D2high, is the physiologically functional state (30).
The dissociation constant of dopamine at D2high
is 1.75 nM (see later).

Hence, although the concentration of dopamine,
D, in the human synaptic space is not known, it
appears that D is of the same order of magnitude as
the dopamine Ki for D2high. Hence, with this sin-
gle assumption that D is equivalent to D2high, the
above equation of C50% = Ki ´ [1 + D / D2high]
reduces to C50% is equivalent to 2 ´ Ki. The frac-
tion, F, of D2 receptors occupied by an antipsy-
chotic at a concentration C is C / (C + Ki). Using
this formula, it can be shown that the concentra-
tion of an antipsychotic drug needed to occupy
75% of the D2 receptors is about 3 times higher
than that required to occupy 50% of the receptors.

Therefore, using the above equations, the
antipsychotic concentrations to occupy 75% of D2

receptors in patients were calculated and found to
be virtually identical to the therapeutic concentra-
tions of the antipsychotic drugs in the cere-
brospinal fluid or in the plasma water (that is,
corrected for drug binding to the plasma proteins)
of patients being successfully maintained on these
medications. This is illustrated in Figure 1.

“FAST-OFF” THEORY OF ATYPICAL
ANTIPSYCHOTIC ACTION: ATYPICALS
ARE RAPIDLY RELEASED FROM D2
RECEPTORS

As noted above, clinically effective dosages of
antipsychotic drugs occupy between 60% and 80%
of brain dopamine D2 receptors in patients, as
measured by positron emission tomography (PET)
or single photon emission tomography (SPET) in
the human striatum (28, 32–37, 38–53).
Clozapine and quetiapine, however, have consis-
tently been apparent exceptions. For example, in
patients taking therapeutically effective antipsy-
chotic dosages of clozapine, this drug only occupies
between 0% and approximately 50% of brain
dopamine D2 receptors, as measured by various
radioligands using either PET (26, 28, 31, 34–36,
54–58) or SPET (47–52, 59).

Because the atypical antipsychotics occupy many
different types of receptors under therapeutic con-
ditions, any apparent exceptions to the “60% to
80%” rule of D2 occupancy must be taken seri-
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ously. For example, the apparently low occupancy
of D2 by clozapine might suggest that D2 is not the
major antipsychotic target for clozapine (31, 60).
This is an important point because, if D2 is not the
common target for all antipsychotic drugs, then the
explanation for atypicality must be found else-
where, perhaps in the 5-HT system or in the bal-
ance between 5-HT and dopamine.

However, the apparently low occupancy of D2 by
clozapine and quetiapine is readily explained by the
fact that these 2 antipsychotics rapidly dissociate
from the dopamine D2 receptor (27). This also
holds for remoxipride and amisulpride, 2 atypical
drugs not used clinically in Canada. For example,
human-cloned dopamine D2 receptors release
[3H]clozapine, [3H]quetiapine, [3H]remoxipride,
and [3H]amisulpride at least 100 times faster than
they release [3H]haloperidol or [3H]chlorpro-
mazine (27, 61, 62).

Figure 2 shows the rapid release of [3H]cloza-
pine, [3H]quetiapine, [3H]remoxipride, and
[3H]amisulpride from human-cloned dopamine
D2 receptors; the slow release of [3H]raclopride,
[3H]haloperidol, and[3H]chlorpromazine; and the
intermediate release rates from these receptors for
[3H]olanzapine and [3H]sertindole.

These in vitro data match those found clinically
for clozapine, quetiapine, and haloperidol in
schizophrenia patients and healthy volunteers. This
is shown in Figure 3, where it has been found by
PET (using [11C]raclopride) that the human brain
(striatum) occupancy of D2 by quetiapine and
clozapine rapidly falls off within 24 hours, in con-
trast to that for haloperidol, which maintains its D2

occupancy constant over 24 hours (38, 53, 63).
Thus, the rapid release of clozapine and quetia-

pine from dopamine D2 receptors and their
replacement by endogenous dopamine would read-
ily account for the low D2 receptor occupancy
shown by these atypical antipsychotics.

It is important to emphasize that the rapid
release of clozapine and quetiapine is a molecular
event which occurs quickly, regardless of the clini-
cal dosage used. In other words, even though high
dosages of clozapine and quetiapine may be used,
these drugs continue to go on and off the D2 recep-
tor rapidly, allowing extensive and frequent access
of endogenous dopamine to the receptor.

Hence, it appears that some antipsychotics, such
as clozapine and quetiapine, occupy D2 receptors
only transiently throughout the day. As just men-
tioned, PET imaging of patients with schizophrenia
reveals that the D2 receptor occupancies by cloza-
pine and quetiapine wear off quickly after an oral
dosage, and patients may show no occupancy what-
soever within 48 hours of the last dose, in contrast to
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Figure 2.

Human cloned D2 receptors were equilibrated with the tritium-labelled
antipsychotic drug, after which a high concentration of raclopride or
dopamine was used to displace the antipsychotic drug. The typical
antipsychotic drugs chlorpromazine, haloperidol, and raclopride dissoci-
ated slowly over 30 minutes, while the atypical antipsychotics dissoci-
ated rapidly in under 60 seconds. Olanzapine and sertindole had
intermediate rates of dissociation. (See refs. 61, 62 for details.) The final
concentration of a clopride was 100 micromolar, in contrast to that of 10
micromolar used earlier (ref. 61), explaining why the 50% off set times
for radioactive haloperidol, or radioactive sertindole, were lower than the
previously published data (ref. 61).

Minutes for 50% release from cloned D2

“Atypical” antipsychotics
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Figure 3.

Positron emission tomography imaging (using [11C]raclopride) reveals that
the human brain (striatum) occupancy of D2 by quetiapine and clozapine
rapidly falls off within 24 hours, in contrast to that for haloperidol, which
maintains its D2 occupancy constant over 24 hours (adapted from refs.
38, 53, 63).

Haloperidol 7.5 mg/d (Nordstrom et al., 1992)

Clozapine 350 mg/d
Quetiapine 400 mg/d
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Table 1. Antipsychotic Dissociation Constants at Dopamine and Serotonin Receptors

K Value, nM K Galue, nM Ratio: K Value, nM
Dopamine D2 5-HT2a D2K 5-HT2A

Receptora Receptorb 5-HT2AK Receptorc

M100,907 (not antipsychotic) 9000 0.2 45,000 0.3
Melperone (atypical) 152 180 0.84 110
Perlapine (atypical) 138 22 6.3 30
Quetiapine (atypical) 122d 135 0.9 270
Remoxipride (atypical) 67 6600 0.01 no effect
Clozapine (atypical) 63e 3.7m 17 6.4
Amoxapine (atypical) 21 0.6 35 3.6
Sulpiride-S (atypical) 9.9 no effect
Loxapine (typical) 9.6 2 4.8 4.2
Iloperidone (atypical) 5.4 0.2 27
Olanzapine (atypical) 5.1f 2.5m 2 6.8
Molindone (typical) 4.9 5200 0.001 no effect
Ziprasidone (atypical) 2.7 3 0.9
Sertindole (atypical) 2.3g 0.28m 8.2 0.1
Amisulpride-S (atypical) 1.8h

Dopamine at D2high 1.75n

Raclopride (typical) 1.7i 4400 4E-04
Prochlorperazine (typical) 1.7
Moperone (typical) 1.6 87
Pimozide (typical) 1.4 2.2
Trifluperazine (typical) 1.4 8.8 0.16 130
Risperidone (atypical?) 1.1 0.2 5.5 1.8
Thioridazine (typical) 1.1 1.3 0.85 100
Chlorpromazine (typical) 0.99j 2 0.5 16
Chlorprothixene (typical) 0.7
Haloperidol (typical) 0.55k 60 0.009 210
Fluphenazine (typical) 0.55 3.8 0.15 17
Droperidol (typical) 0.54
Flupentixol-cis (typical) 0.38 7
Perphenazine (typical) 0.27
Thiothixene-cis (typical) 0.15 320
Butaclamol-(+) (typical) 0.14 14
Spiperone (typical) 0.04l 0.57 0.07 1.6
Epidepride (typical) 0.036
Nemonapride (typical) 0.014 7

a Human cloned dopamine D2 short receptor in GH4C1 cells (obtained from Allelix., Mississauga, or from Biosignal Inc., Montreal); D2 in CHO cells were occasionally used. K values were
obtained [2 to 25 measurements] using 2 nM [3H]raclopride which had a Kd value of 1.9 nM.

b Human cloned 5-HT2A receptors in HEK293 cells (obtained from Allelix); K values were obtained [2 to 8 measurements] using 0.5 nM [3H]ketanserin which had a Kd value of 0.55 nM.
c K values of antipsychotics causing inverse agonism at 5-HT2A receptors; data from ref 79.
d Average of quetiapine Ki (140 nM) and [3H]quetiapine Kd (104 nM); 13 Ci/mmol.
e Average of clozapine Ki (75 nM) and [3H]clozapine Kd (51 nM); 84 Ci/mmol.
f Average of olanzapine Ki (7.4 nM) and [3H]olanzapine Kd (2.7 nM); 81 Ci/mmol.
g Average of sertindole Ki (1.9 nM) and [3H]sertindole Kd (2.6 nM); 47 Ci/mmol.
h Average of amisulpride Ki (1.8 nM) and [3H]amisulpride Kd (1.8 nM); 84 Ci/mmol.
i Average of raclopride Ki (1.5 nM) and [ 3H]raclopride Kd (1.9 nM); 71–79 Ci/mmol.
j Average of chlorpromazine Ki (1.2 nM) and [3H]chlorpromazine Kd (0.77 nM); 27 Ci/mmol.
k Average of haloperidol Ki (0.7 nM) and [3H]haloperidol Kd (0.4 nM); 8.0 Ci/mmol.
l Average of spiperone Ki (0.018 nM) and [3H]spiperone Kd (0.065 nM); 89.95 Ci/mmol.
m Average of antipsychotic Ki (vs [3H]ketanserin; 81 Ci/mmol) and Kd using [3H]antipsychotic.
n Average of dopamine Ki (2.1 nM) (9 measurements) and [3H]dopamine Kd (1.3 nM) at D2High; 54 Ci/mmol.
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typical antipsychotics, which may continue to
occupy D2 receptors for days. This may explain why
psychotic relapses of patients on clozapine and
quetiapine occur soon after withdrawal of the
antipsychotic (64, 65, reviewed in 27)—much ear-
lier than after withdrawal of conventional antipsy-
chotic drugs such as haloperidol or chlorpromazine.

CLINICAL AND BASIC IMPLICATIONS
OF THE “FAST-OFF” THEORY OF
ATYPICAL ANTIPSYCHOTIC ACTION

As outlined above, the “fast-off ” theory of atypi-
cal antipsychotic action is that the atypicals have
low affinities for the dopamine D2 receptor, and are
loosely bound to, and rapidly released from, these
receptors. A critical aspect of the theory is that the
atypical antipsychotics bind more loosely to D2

than does dopamine it self, while the traditional,
typical antipsychotics bind more tightly than
dopamine. These data are summarized in Table 1
and Figure 4A.

Figure 4A illustrates a general demarcation
between typicals and atypicals. That is, the typical
antipsychotics have K values lower than that for
dopamine (at the high-affinity state of the D2

receptor), while the atypicals have K values higher
than that for dopamine. Although risperidone
appears to be an exception to this generalization,
risperidone is the weakest “atypical” antipsychotic,
eliciting dosage-dependent EPS in 60% to 70% of
patients taking 6 mg or more daily, a dosage that
may be insufficient for clinical efficacy (66).

Clearly, the separation between typicals and atyp-
icals in Figure 4A is not sharp and precise, because
antipsychotic drugs with K values between 2 nM
and 10 nM (including molindone and loxapine)
often reveal dose-dependent EPS. Thus, the demar-
cation between typical and atypical antipsychotics is
not a sharp divide but rather a continuous one.
Antipsychotics become increasingly more atypical
as their binding to the D2 receptor becomes more
loose and they are released more quickly. Although
all atypical antipsychotics have loose binding, with
dissociation constants looser than 1.8 nM/L, they
can still elicit dosage-dependent parkinsonism. For
example, olanzapine, with a dissociation constant of
5.1 nM, is known to be associated with a dose-
dependent incidence of EPS in some patients and
especially at higher dosages. If the binding is
extremely loose, as with clozapine, remoxipride,
quetiapine, and melperone, essentially no EPS
occurs (although exquisitely sensitive patients do
exist who will exhibit EPS even with these drugs).
Drugs that are too loose or have far too low an affin-
ity for D2 receptors cease to exhibit any antipsy-

chotic activity at all. Moreover, although the degree
of occupancy of atypicals at D2 receptors has a
direct influence on EPS, the potent anticholinergic
action of olanzapine and clozapine provides an
additional anti-EPS mechanism. It is because of its
anticholinergic properties, for instance, that thiori-
dazine use is relatively free of EPS.

Table 2 summarizes a few clinical distinctions
between the typical antipsychotics, which are
tightly bound to D2, and the atypical antipsy-
chotics, which are loosely bound to D2. The
required antipsychotic dosage (in mg) will be low
for tightly bound drugs but high for loosely bound
drugs. The typicals, being tightly bound to D2, will
elicit EPS and elevated prolactin, while the atypi-
cals, being loosely bound and rapidly released from
D2, will not elicit these side effects, or will at least
elicit them to a markedly lesser extent. Finally,
because the typicals remain attached to D2 and
readily accumulate in brain tissue, they will even-
tually lead to TD (67). The atypicals, however, are
much less fat-soluble, and because they are readily
released from D2 and from the brain tissue, the risk
of causing TD is much reduced or perhaps absent.

L-DOPA PSYCHOSIS: “FAST-OFF-D2”
THEORY PREDICTS LOW DOSAGE OF
ATYPICAL ANTIPSYCHOTICS

The treatment of patients with psychosis in
Parkinson’s disease (as a consequence of L-dopa
treatment) is best done with a very loose binding
antipsychotic, such as clozapine or quetiapine, to
allow for the low level of dopamine neurotransmis-
sion that is required for normal motor functioning
to continue. Parkinson patients are dopamine-
depleted, so it is very important not to block the
little dopamine function that remains. The
hypothesis is that atypical antipsychotic action
(that is, low EPS and normal prolactin) occurs
when endogenous dopamine is able to displace a
loosely bound antipsychotic. This accords with the
observation that low dosages of atypical antipsy-
chotics are useful for Parkinson patients’.

It is well known in neurology that L-dopa psy-
chosis in a patient with Parkinson’s disease is best
treated with a dosage of clozapine that is about 10%
the dosage normally used for psychosis in schizo-
phrenia. The “fast-off-D2” hypothesis readily and
quantitatively predicts this. As presented above, the
antipsychotic dosage needed to occupy D2 receptors
is proportional to K ´ [1 + D / Dhigh], where K is
the dissociation constant of the antipsychotic, D is
the concentration of dopamine in the synaptic space
during the momentary nerve impulse (equivalent to
200 nM, ref. 29), and where Dhigh is the dissocia-
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tion constant of dopamine at the high-affinity state
of D2 (equivalent to 1.75 nM; Table 1). In
Parkinson’s disease, where 90% to 95% of the
dopamine content is absent, the value for D would
be equivalent to 20 nM. Accordingly, the antipsy-
chotic dosage for L-dopa psychosis will be lower than
that for schizophrenia psychosis by a factor of (1 + D
/ Dhigh) normal / (1 + D / Dhigh) Parkinson, or (1

+ 200 / 1.75) / (1 + 20 / 1.75), or tenfold. Thus,
while a daily dosage of 500 mg clozapine might be
suitable for treating schizophrenia psychosis, a
dosage of 50 mg (or less) would be more than ade-
quate to treat L-dopa psychosis. It is important to
note that this calculation best holds for competition
between endogenous dopamine and a loosely bound
antipsychotic. A tightly bound antipsychotic such as

SEEMAN

Figure 4A, 4B, 4C.

Comparing 3 theories for atypical antipsychotic action. Typical antipsychotics are unshaded, atypicals are shaded. Risperidone is a weak atypi-
cal, and is half shaded, half unshaded. A: The “fast-off-D2” theory proposes that typical antipsychotics bind more tightly than dopamine to the
dopamine D2 receptor (in its functional high-affinity state), with dissociation constants lower than that for dopamine, while the atypicals bind
more loosely than dopamine to the dopamine D2 receptor, with dissociation constants higher than that for dopamine. Out of 31 antipsy-
chotics, there are 2 or 3 apparent exceptions to this rule. Drugs with K values between 2 and 10 nM cause dose-dependent extrapyramidal
signs. B: The dopamine-serotonin antagonism theory generally predicts a separation between typicals and atypicals, except that out of 20
antipsychotics there are 3 or 4 apparent exceptions to this theory. Remoxipride is an important exception. C: The theory which predicts that
antipsychotics stimulate 5-HT2A receptors by inverse agonism has many exceptions, including M100,907, which has no antipsychotic action.
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haloperidol would not readily permit endogenous
dopamine to replace it competitively.

TEST OF THE “FAST-OFF-D2”
HYPOTHESIS USING CLOZAPINE AND
ISOCLOZAPINE

As reported by Kapur and others (68), the single
most powerful predictor of atypicality is the low
affinity to, and fast dissociation from, the D2 recep-
tor—not high affinity to any other receptor. This
hypothesis is supported by their findings that
clozapine and isoclozapine have identical potencies
on many cloned receptors (including muscarinic
M1, dopamine D1, dopamine D4, 5-HT1A, and 5-
HT2A receptors) but differ fivefold in their potency
only on D2 receptors. Thus, in several tests of atyp-
icality (for example, early activation of certain
genes, catalepsy in animals, and prolactin eleva-
tion), clozapine behaves like an atypical antipsy-
chotic. Isoclozapine, however, behaves like a
conventional antipsychotic.

DO ANTIPSYCHOTICS ELICIT ATYPICAL
ACTION BY BLOCKING 5-HT
RECEPTORS?

In addition to blocking dopamine receptors, the
new atypical antipsychotic drugs also block 5-HT
receptors. Although it has of ten been suggested
that the blockade of 5-HT2A receptors may allevi-
ate the parkinsonism caused by D2 blockade (69,
70), most data do not support this principle.

REMOXIPRIDE IS AN IMPORTANT EXCEPTION

Remoxipride is a highly effective atypical
antipsychotic drug (not used in Canada) with no
EPS and no hyperprolactinemia, yet it does not
block 5-HT receptors.

5-HT BLOCKADE ENHANCES CATALEPSY

Selective 5-HT2A receptor blockade with the
drug M100,907 markedly enhances, instead of
reducing, the catalepsy (catalepsy in animals = EPS
in humans) observed with submaximal dosages of
the D2 block by raclopride (71).

NO DOPAMINE–5-HT CORRELATION TO
CATALEPTIC DOSAGES

There is no correlation between the cataleptic
dosages of neuroleptics and the ratio of the antipsy-
chotic dissociation constants at D2 and at 5-HT2A

receptors (72, 73).

NO SHARP SEPARATION OF TYPICALS AND
ATYPICALS

Using the ratio of antipsychotic dissociation con-
stants obtained in our laboratory on human-cloned
D2 and 5-HT2A receptors (Table 1), the demarca-
tion between typical and atypical antipsychotics
shown in Figure 4B is not sharp and is less clear
than that found in Figure 4A. For example, of the
20 antipsychotics in Figure 4B, there are 3 to 4
apparent exceptions to the separation of typicals
and atypicals. This compares to 2 or 3 apparent
exceptions out of the 31 antipsychotics shown in
Figure 4A. (Exceptions do not necessarily kill a the-
ory, but explanations for the exceptions have to be
found.)
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Figure 5.

The threshold doses for antipsychotic action consistently occupy 65% of brain
D2 receptors in patients, and the threshold doses for extrapyramidal signs
consistently occupy 80% of brain D2 receptors in patients, whether or not
the 5-HT2A receptors are occupied. As shown here, the occupancy of D2

receptors in first-episode schizophrenia patients was 65% for antipsy-
chotic threshold doses of haloperidol (1.5 to 2.1 mg daily) and olanzapine
(7.5 to 10 mg daily), despite the negligible occupancy of 5-HT2A receptors
by haloperidol or the very high occupancy, exceeding 95%, by olanzapine.
(Adapted from ref. 28).
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Table 2. Aspects of Tight and Loose Antipsychotic
Binding at Dopamine D2 Receptors

Tight Loose

Dosage Low High

Extrapyramidal symptoms (EPS) Yes No

Prolactin High Normal

Tardive Dyskinesia High risk Low risk
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NO ALLEVIATION OF EXTRAPYRAMIDAL SIGNS

A high degree of 5-HT2A receptor occupancy
(95%) by risperidone (6 mg daily) does not prevent
EPS in 6 out of 7 patients (74, 75).

5-HT BLOCK DOES NOT CHANGE D2
OCCUPANCIES REQUIRED

Using [11C]raclopride for imaging brain D2 recep-
tors and [11C]setoperone for imaging brain 5-HT2A

receptors, Kapur and others found that the high
occupancy of 5-HT2A receptors by olanzapine or by
risperidone did not alter either the D2 occupancy
required for the antipsychotic effect or the D2 occu-
pancy at which EPS occur (28). The threshold
dosages for antipsychotic action consistently occupy
65% of brain D2 receptors in patients, and the
threshold dosages for EPS consistently occupy 80%
of brain D2 receptors in patients, whether or not the
5-HT2A receptors are occupied. As illustrated in
Figure 5, the results showed that the occupancy of D2

receptors in first-episode schizophrenia patients was
65% for antipsychotic threshold dosages of haloperi-
dol (1.5 to 2.1 mg daily) and olanzapine (7.5 to 10
mg daily), despite the negligible occupancy of 5-
HT2A receptors by haloperidol or the very high occu-
pancy, exceeding 95%, by olanzapine. It is important
to note that while first-episode patients may not be
typical of patients with chronic schizophrenia, stud-
ies with the first-episode patients are exceedingly
important in working out mechanisms of antipsy-
chotic action, because they have had not previous
exposure to drugs. It is not clear what clinical bene-
fit, if any, is provided by the blockade of 5-HT recep-
tors. Although low dosages of cyproheptadine have
been used (64) to block 5-HT2A receptors and sup-
plement antipsychotic administration, it should be
noted that cyproheptadine has a D2 blocking action.
It has a K of 24 nM at D2 receptors, compared with
63 nM for clozapine and 21 nM for amoxapine
(Table 1). Amoxapine, though marketed as an anti-
depressant, has antipsychotic properties.

AMISULPRIDE IS AN IMPORTANT EXCEPTION

Amisulpride (used in Europe) is a highly effective
antipsychotic that is atypical and does not occupy
any 5-HT2A receptors in humans at dosages up to
1200 mg daily (76).

CHLORPROMAZINE BLOCKS 5-HT BUT ELICITS
EPS

Chlorpromazine, the first typical antipsychotic,
blocks 65% of 5-HT2A receptors at 500 mg daily.

This “high level of 5-HT2A block . . . suggests that
the distinct clinical profiles of chlorpromazine and
clozapine are unrelated to 5-HT2A receptor block-
ade” (76).

5-HT BLOCK NOT NEEDED FOR ANTIPSYCHOTIC
ACTION

It has also been stated that the block of 5-HT2A

receptors “is not a prerequisite for the antipsychotic
effect” (74, 75). In fact, full block of 5-HT2A recep-
tors occurs at subtherapeutic dosages of risperi-
done, olanzapine, and clozapine, indicating that
5-HT2A block has little or no antipsychotic action.

DO ANTIPSYCHOTICS ELICIT ATYPICAL
ACTION BY STIMULATING 5-HT
RECEPTORS?

Although it has long been known that the stim-
ulation of 5-HT1A receptors in animals can allevi-
ate catalepsy caused by D2 blockade (77, 78), there
do not appear to be any antipsychotics that have
this 5-HT1A-stimulating action combined with D2-
blocking action.

It has recently been proposed that the stimula-
tion of 5-HT2A receptors by an inverse action is an
important contribution to atypical antipsychotic
action (79). This is illustrated in Figure 4C, where
the inverse stimulating potencies of antipsychotics
on 5-HT2A receptors are shown (from 79).
However, because a few important atypical antipsy-
chotics (including remoxipride and sulpiride) have
no such stimulating action, it is unlikely that this
feature contributes to atypical antipsychotic action.
The data in Figure 4C do not reveal any clear
demarcation between typicals and atypicals.
Finally, Although the authors (79) propose that
M100,907 has the desired stimulating action, this
compound has shown no antipsychotic activity in
humans.

THE FUTURE

Because brain imaging indicates that the tradi-
tional antipsychotics remain attached to dopamine
D2 receptors for at least 1 or 2 days, there is no
rational need to medicate schizophrenia patients
daily with typical antipsychotics. This reasoning
has led to a new regimen of administering antipsy-
chotics by “extended dosing,” wherein the patient
receives a typical antipsychotic once every 3rd or
4th day (80). Such a procedure, of course, could
not be used with atypical antipsychotics because of
their loose binding to D2 and subsequent risk of
relapse.
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Clinicians can now apply this knowledge to the
treatment of individual patients. Atypical agents,
being newer and still protected by patent, are much
more expensive than the older drugs. The fact that
they do not elicit EPS and do not elevate prolactin
levels does not mean that they are free of serious side
effects. One could argue that the side effects associ-
ated with some of the atypical drugs (for example,
agranulocytosis, obesity, diabetes, ophthalmological
problems, cardiovascular problems, sexual problems,
obsessive-compulsive symptoms, convulsions, and
insomnia) are more serious than EPS, high pro-
lactin, and even TD. Low-dose, extended-dosing
regimens of typical drugs may be best suited for spe-
cific patients. Patients known to be nonadherent to
regular medication may do better on those drugs
that are more tightly bound to the D2 receptor,
where risk of relapse through a short period of non-
compliance is reduced. Conversely, patients with a
history of neuroleptic malignant syndrome are best
treated with drugs that are readily displaced, so that,
should the syndrome return, the drug is quickly out
of their brain. In patients with psychosis, high stress
levels, accompanied by high endogenous dopamine
release, will necessitate higher dosages of the antipsy-
chotic drug. Periods of low stress will require lower
dosages. Patients with psychosis who may temporar-
ily benefit from high prolactin levels (for example,
those who do not want to conceive or, conversely,
postpartum women whose milk is in sufficient for
breastfeeding) may preferentially be prescribed typi-
cal antipsychotics. On the other hand, typical
antipsychotics should be discontinued in those with
beginning signs of TD and the newer drugs pre-
scribed instead. Knowing how drugs work greatly
expands the clinician’s repertoire of strategies, allow-
ing optimization of drug regimens for individualized
treatment.
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