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REPLY TO COMMENTARIES

We thank the reviewers, Drs. K. Neve, B. L. Roth, D. R.
Sibley, P. G. Strange, and D. F. Wong for their excellent
and helpful comments. In considering these comments,
the following questions arise:

1. What Are the Neuroleptic Dissociation Constants
for the Human Cloned Serotonin,, Receptors?

Although all antipsychotic drugs occupy high levels of
dopamine D, receptors under clinical conditions (Seeman
and Kapur submitted), it is unclear whether the addi-
tional blockade of serotoniny,(5-HT,,) receptors may help
to alleviate psychosis and whether such blockade may
help to minimize antipsychotic-induced Parkinsonism.

As mentioned in the review, one of the main reasons
for this uncertain role of 5-HT,, receptors in antipsy-
chotic action stems from the uncertain values for the
dissociation constants of the various antipsychotic
drugs at the 5-HT,, receptors. As reviewed, this varia-
tion results partly from the fact that the apparent disso-
ciation constant (or inhibition constant) of an antipsy-
chotic drug depends on the radioligand used to label
the receptor.

In addition, however, the dissociation constants for
neuroleptics at the 5-HT,, receptor differ somewhat for
the rat cerebral cortex compared and for the human
cloned serotonin,, receptor.

As indicated by Drs. Neve, Roth, and Sibley, more
data need to be provided for the dissociation constants
at the serotonin,, receptor. These data are now avail-
able, because the human cloned 5-HT,, receptors have
only recently become available.

Using these human cloned 5-HT,, receptors,* the
new data in Table 2 give our recent results for the neu-
roleptic dissociation constants at this receptor. The first
column in Table 2 (this article) shows the neuroleptic
dissociation constant (K value) as determined using the
method of Figure 2 (see review article), wherein the re-
lation between the neuroleptic inhibition constant and
the tissue:buffer partition was extrapolated down to the
level of zero partition. This extrapolated radioligand-in-
dependent inhibition constant agrees with the dissocia-
tion constant of the neuroleptic at the 5-HT,, receptor

*We thank Dr. R. K. Kamboj and Allelix Biopharmaceuticals, Inc.
(Mississauga, Ontario) for generously providing these receptors.
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obtained by direct measurement using the radioactive
form of the neuroleptic, such as [PH]-clozapine.

2. Are the Neuroleptic Dissociation Constants for the
5-HT,, Receptor Affected by Correcting the
Radioligand Partition Values for Nonspecific
Binding to the Filter?

As correctly pointed out by Dr. K. Neve and by Dr. P.
Strange, the tissue:buffer partition value of the radioli-
gand (used in Figure 2 of the review or in Seeman and
Van Tol 1995) represents the total amount of nonspe-
cific binding of the radioligand to both the tissue and
the filter. Hence, the question arises as to whether the
neuroleptic dissociation constants for the 5-HT,4 recep-
tor are affected by correcting these radioligand parti-
tion values for nonspecific binding to the filter. This
question also is examined in the following section for
the dopamine D, and D, receptors.

The second column in Table 2 lists the radioligand-
independent dissociation constants for neuroleptics at
the human cloned 5-HT,4 receptor, using partition val-
ues (for [’H]-ketanserin and [*H]-spiperone partitioning
into rat cerebral cortex) from which the nonspecific
binding to the filter had been subtracted. For example,
the nonspecific binding of 1 nM [*H]J-ketanserin and
[*H]-spiperone to the filter was 39% and 22%, respec-
tively, of the nonspecific binding to rat cerebral cortex
tissue in the presence of 1 uM (+)-butaclamol. After
subtracting the filter-associated nonspecific binding
from the nonspecific binding for the tissue plus filter,
the results (second column in Table 2) show that the
neuroleptic dissociation constants at the 5-HT,, recep-
tor were not affected by this revision of the partition
values for the radioligands.

For purposes of comparison, the third column in Ta-
ble 2 lists the K values obtained experimentally from
the neuroleptic/[*H]-ketanserin competition experi-
ments, without any consideration for the partition of
the radioligand. It may be seen that these neuroleptic
dissociation constants versus [*H]-ketanserin are only
slightly higher than the radioligand-independent disso-
ciation constants.

The data in Table 2, therefore, illustrate that the neu-
roleptic dissociation constants at the 5-HT,, receptor
were not significantly affected by the partition values of
the radioligands.
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Table 1. Radioligand-independent Dissociation Constants

D2 D4 5-HT2A D2:5-HT2A D2:D4
Chlorpromazine 0.66 £ 0.05(12)  1.15 % 0.04(9) 3.5 = 0.06(9) 0.19 0.58
Clozapine 44 + 8(27) 1.6 = 0.4(96) 11 = 3.5(9) 4.00 28.00
Fluphenazine 0.32 * 0.03(7) 50 + 10(11) 80 = 19(6) 0.004 0.0064
Haloperidol 0.35 = 0.05(18)  0.84 = 0.05(54) 25 + 8(5) 0.014 0.42
Isoclozapine 6 = 0.06(15) 58 + 0.08(19) 1.5 = 0.05(9) 4.2 1.03
Loxapine 5.2 £ 0.03(15) 7.8 £1.5(25) 102+ 1.2(5) 0.51 0.67
Melperone 88 = 30(7) 410 = 70(19) 280 = 90(7) 0.31 0.22
Molindone 6 = 3(9) 2,400 = 800(11) 5,800 = 1,300(6) 0.001 0.0025
Olanzapine 3.7 £0.6(12) 2+ 0.4(22) 58 = 0.7(14) 0.64 1.85
Perlapine 60 = 10(8) 30 = 10(10) 30 = 12(6) 2.00 2.00
Raclopride 0.64 = 0.12(13) 620 = 100(40) 5,400 = 1,700(4)  0.00012 0.001
Remoxipride 30 *= 25(8) 2,800 = 400(9) 3,100 = 400(4) 0.01 0.011
Risperidone 03 x0.1(9) 025 £ 0.1(17) 0.14 = 0.1(5) 2.14 1.2
Seroquel 78 = 28(13) 3,000 = 300(14) 2,500 = 600(5) 0.03 0.026
Sertindole 0.95 £ 0.4(22) 0.85 + 0.2(18) 0.3 = 0.06(8) 3.10 1.12
Thioridazine 0.4 £0.12(12) 1.5 = 0.5(16) 60 = 15(6) 0.007 0.27
Trifluperazine 096 x 0.2 (11) 44 + 6(11) 135 = 50(6) 0.007 0.022

InnM = SE (n experiments in duplicate).

3. Are the Neuroleptic Dissociation Constants for the
D, and D, Receptors Affected by Correcting the
Radioligand Partition Values for Nonspecific
Binding to the Filter?

There is very little change in the neuroleptic dissocia-
tion constants for the dopamine D, and D, receptors
when the radioligand partition values were corrected
for nonspecific binding to the filter.

In fact, the radioligand partition coefficient is com-
posed of at least four components:

1. Nonspecific binding to the filter (negligible in the
centrifugation method)

2. Nonspecific binding to the human tissue

3. Trapping within the filter (negligible in the centrifu-
gation method)

4. Trapping within the buffer spaces enclosed by the
membranes

With a centrifugation method to measure the parti-
tion values of the radioligands, the first and third com-
ponents are zero, because there is no filter, and the
fourth component tends to increase, depending on the
centrifugal force used. Thus, it turns out that the parti-
tion values of the radioligand with the filtration and
centrifugation methods were similar. For example, for
human striatum tissue, the partition values for [PHJ-
nemonapride were 19.7 and 19.3 (filtration), -and those
for [’H]-spiperone were 17 (centrifugation) and 13.3 (fil-
tration). The units of partition are in (nmol radioligand /
kg of membrane)/nM) or dimensionless if it is assumed
that the density of the original wet tissue is unity.

Drs. Neve and Strange properly request a more pre-
cise definition of the tissue:buffer partition coefficient.
This has previously been done (Seeman 1972, 1980). For
example, the precise membrane:buffer partition coeffi-
cients at pH 7.4 for haloperidol and chlorpromazine are
200 and 1,700 nmol radioligand/kg of membrane/nM
(Seeman et al. 1974; Seeman 1980). Although such pre-
cise values are interesting and may be useful for deter-
mining the molality or molarity of the drug within the
100-A biomembrane itself, the precise values, however,
are not required to determine the radioligand-indepen-
dent dissociation constant of a particular neuroleptic.
That is, as long as the radioligand partition coefficients
are measured relative to one another in a consistent
manner, an extrapolation of the neuroleptic dissociation
constants can be done in accordance with the simple
procedure outlined in Figure 2 (see review).

To be consistent, therefore, all the radioligand parti-
tion values were measured by the filtration method. Us-
ing this method, we found that the values for the non-
specific binding of 1 nM [*H]-raclopride, 1 nM [*H]-
spiperone and 1 nM [*H]-nemonapride averaged 39%,
41%, and 49%, respectively, of the nonspecific binding
of the human striatum tissue in the presence of 1 pM
{(+)-butaclamol. After subtracting these amounts of fil-
ter-associated nonspecific binding from the tissue-plus-
filter nonspecific binding, the final radioligand partition
values were correspondingly lower. Despite this 39% to
49% drop in the partition coefficients, as shown in Fig-
ure 6 (this article), the neuroleptic dissociation constants
at the D, and D, receptors were almost identical to
those in Table 1 (see review) wherein no allowance was



NEUROPSYCHOPHARMACOLOGY 1997-VOL. 16, NO. 2

made for nonspecific binding to the filter. This type of
result, for example, is shown in Figure 6 for haloperidol.

4. To What Extent Does the Depletion of the
Radioligand (in a Filtration Assay) Affect the
Dissociation Constant of the Competing Drug?

Dr. Strange gives a brief, good review of the pitfalls in
the time of equilibration and the depletion of radioligand
in a filtration assay. He appropriately advises long equil-
ibration times and large volumes, particularly when us-
ing a radioligand with a dissociation constant in the pM
range. As previously stated (Seeman and van Tol 1995),
we agree with Dr. Strange that depletion of the radioli-
gand probably accounts for the apparent dependence of
the neuroleptic dissociation constant on the partition of
the radioligand. Nevertheless, we could not find evidence
for such depletion of the radioligand when using very
low concentrations of tissue, between 0.6 pM and 10 pM
of D, receptors (Seeman and van Tol 1995). Moreover,
extensive corrections for radioligand depletion reduced
but did not eliminate the apparent dependence of the
neuroleptic dissociation constant on the partition coeffi-
cient (Seeman and van Tol 1995). 1t is clear, therefore,
that the apparent dependence of the neuroleptic disso-
ciation constant on the partition arises from an artifact
in both the filtration assay and the centrifugation assay.

However, regardless of how this artifact arises (and
we essentially agree with the detailed considerations by
Dr. Strange), the extrapolation method in Figure 2 (see
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Figure 6. Partition of each radioligand corrected for the fil-
ter-associated nonspecific binding in the presence of 1 pM
(+)-butaclamol. Although this correction lowered the parti-
tion values by 39-49%, the radioligand-independent dissoci-
ation constant of the neuroleptic (K} was not affected.
Further details as in Figure 2A.
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review) results in neuroleptic dissociation constants
that match those measured directly with [°H]-neurolep-
tic radioligands. Such a match has now been obtained
for at least six [’H]-neuroleptic radioligands: [*H]-cloza-
pine, [*H]-haloperidol, [’Hj-olanzapine, [*H]-chlorpro-
mazine, [*H]-raclopride, and [’H]-sertindole, indicating
that this match is more than just a coincidence, as stated
by Dr. Strange.

5. What Is the Synaptic Concentration of Dopamine
in the Human Striatum?

Drs. Neve and Strange provide a very good summary
of the literature on this question and appropriately note
that the dopamine concentration in the synapse may
range from 6 to 600 nM, depending on the precise time
point chosen during neurotransmission.

A main point in our review, however, is to indicate
that the clinical efficacy or clinical occupancy of dop-
amine receptors by a neuroleptic depend on the local
synaptic concentration of dopamine. This can be mod-
eled in vitro. For example, although we have found that
the clozapine dissociation constant at the human cloned
dopamine D, receptor is 1.6 nM (see Table 1 in the re-
view), in the absence of any dopamine, this clozapine
dissociation constant rises to 10 nM when competing
against 4 nM [*H]-dopamine and rises further to ap-
proximately 100 nM when competing against 10 nM
[’H]-dopamine (unpublished data). As reviewed, the
concentration of clozapine in the spinal fluid under
clinically therapeutic conditions is of the order of 20 to
40 nM. This suggests that the steady-state functional
level of endogenous synaptic dopamine in the patients
may be of the order of 6 to 8 nM, in approximate agree-
ment with the value for the dissociation constant of
dopamine at the high-affinity state of the dopamine D,
and D, receptors.

Dr. Wong appropriately mentions some of the litera-
ture indicating that the synaptic concentration of dopam-
ine is controlled by serotonin. Indeed, there is an exten-
sive literature on this, as mentioned in the review. What
is not known, however, is whether the serotonin control
of dopamine release is of sufficient influence to play a
role in schizophrenia or in the treatment of schizophre-
nia (see later discussion).

Drs. Wong and Strange mention the important mat-
ter of the different percentage occupancies of D, recep-
tors by clozapine in human subjects. Here, too, the oc-
cupancy by clozapine depends on the partition
coefficient of the [M'C]-radioligand chosen. For example,
Dr. Wong notes that 450 mg/day of clozapine occupies
22% of the D, receptors, when measured with [''C]-
methylspiperone (Conley et al. 1996). Moreover, when
the D, receptors are measured with ["'Cl-raclopride,
such doses of clozapine occupy a higher level (50%) of
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the D, receptors (Nordstrom et al. 1996). This is more
fully discussed in a subsequent manuscript (Seeman
and Kapur, submitted for publication), illustrating that
these apparently different percentages of D, receptors
occupied by clozapine can be fully resolved if one takes
into account that the low partition coefficient of raclo-
pride permits [''C]raclopride to be more readily occu-
pied by clozapine than by ["'C]-methylspiperone, which
has a high partition identical to that for spiperone.

6. Using These New Dissociation Constants for
Neuroleptics at the 5-HT,, Receptors, How Do These
Values Relate to the Neuroleptic-Induced Catalepsy
Doses?

Using the new data for the human cloned 5-HT,, recep-
tor (Table 2 in this article), the relation between the neu-
roleptic doses (for catalepsy) and the neuroleptic selec-
tivity for the 5-HT,, receptor (relative to D,) is shown in
Figure 7 (this article). The correlation coefficient was
0.48, which was not statistically significant at the .05
level. The correlation omitted thioridazine because of
its strong anticholinergic potency.

7. Using the Slightly Modified Dissociation
Constants for Neuroleptics at the Dopamine D, and
D, Receptors, How Do These Values Relate to the
Neuroleptic-Induced Catalepsy Doses?

Because the neuroleptic dissociation constants at the
dopamine D, and D, receptors were hardly affected by
correcting the radioligand partition values for the filter-
associated nonspecific binding, the relation in Figure 5
was virtually not affected, as illustrated in Figure 7
(bottom). The correlation coefficient was 0.77 between
the neuroleptic doses (for catalepsy) and the neurolep-
tic selectivity for the D, receptor (relative to D,) (Figure
7, bottom); this value was statistically significant at the
p < .02 level. Here, too, as in Figure 7 (top), the correla-
tion omitted thioridazine because of its strong anticho-
linergic potency.

Drs. Roth and Sibley state that the olanzapine prefer-
ence of D, over D, by twofold and the clozapine prefer-
ence of D, over D, by 28-fold do not indicate selectivity
but rather just a “preference.” Perhaps “preference”
may be a better word, but it is useful to remind our-
selves that the dopamine D, receptor “prefers” dopa-
mine only three-fold more than (—)-epinephrine (Burt
et al. 1976). In other words, in the same way as a recep-
tor is defined by the rank order or relative selectivity of
endogenous agonists, so is a receptor antagonist de-
fined by the relative rank order of antagonist action at
various receptors. Hence, clozapine is selective, but not
specific, for the dopamine D, receptor.
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Figure 7. Top, neuroleptic doses for eliciting catalepsy (in

50% of the rats) versus the ratio of the neuroleptic radioli-
gand-independent dissociation constants for the cloned
dopamine D, receptor and the human cloned serotonin,,
receptors (ratios derived from Tables 1 and 2). Botlom, neu-
roleptic doses (for catalepsy) versus the ratio of the neuro-
leptic radioligand-independent dissociation constants for the
dopamine D, and D, receptors (ratios derived from Table 1).
Thus the horizontal axis indicates the neuroleptic selectivity
for the dopamine D, receptor relative to that for the dopa-
mine D, receptor. As in Figure 5, neuroleptics that had low
affinity for the dopamine D), receptors [remoxipride, perla-
pine, seroquel, and melperone (i.e., that have radioligand-
independent dissociation constants exceeding 30 nM)] were
omitted in both correlations (top and bottom), based on the
concept that these loosely bound neuroleptics are atypical
because they are readily displaced by endogenous dopa-
mine. The inclusion of these four neuroleptics with very low
affinity for the dopamine D, receptor would vitiate the cor-
relations. The correlation coefficient is given for the drugs
encircled by a “balloon,” omitting thioridazine because of its
uniquely potent anticholinergic and anticataleptic action.
The correlation coefficient of 0.77 (bottom) was statistically
significant at the p < .02 level.

8. Are Atypical Neuroleptics Selective in
Stimulating the 5-HT,, Receptor?

As summarized in the review, the 5-HT, receptor ago-
nist 8-hydroxy-dipropylaminotetralin alleviates anti-
psychotic-induced catalepsy. Because clozapine also is
a partial agonist at the human cloned 5-HT; 4 receptor
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(Newman-Tancredi et al. 1996), we recently tested other
atypical neuroleptics on the human cloned 5-HT,, re-
ceptor using the method of Newman-Tancredi et al.
(1996). We found no relation between the clinical pro-
pensity of the various neuroleptics to elicit Parkinsonism
and their agonist potencies on the human cloned 5-HT) ,
receptor. Risperidone at 100 nM, for example, was 100
times more potent than clozapine or olanzapine in stim-
ulating the 5-HT), receptor to incorporate [*°S]-GTP-y-S.
In addition, isoclozapine and clozapine were equally ef-
fective in stimulating the serotonin 1A receptor. Be-
cause the in vitro potencies of these latter four neuro-
leptics bear no relation to their clinical propensities to
elicit Parkinsonism, it is unlikely that the 5-HT,, recep-
tor is involved in the action of atypical neuroleptics.

9. Are Atypical Neuroleptics Selective for the 5-HT,
Receptor?

A good point made by Drs. Roth and Sibley is that cloz-
apine and other atypical neuroleptics also have high af-
finities for the 5-HT,¢, 5-HT,, and 5-HT; receptors (Roth
et al. 1994). For example, in comparison to the clozapine
dissociation constants of 1.6 nM at the D, receptor and
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of 44 nM at the D, receptor, clozapine has a dissociation
constant of 4 nM at the 5-HT, receptor and 6.3 nM at the
5-HT, receptor. Further examples are sertindole with
dissociation constants of 0.95 nM at D,, 0.85 nM at D,
(Table 1 of the review), and 0.3 nM at 5-HT,4 (Table 2 in
this article) and olanzapine with dissociation constants
of 3.7 nM at D, 2 nM at D, (Table 1), 2.3 nM at 5-HT,,
(Table 2), 2.5 nM at 5-HT,, and 104 nM at 5-HT, (Roth et
al. 1994).

Therefore, because of such relatively high affinities
for serotonin receptors for some atypical neuroleptics,
Drs. Roth and Sibley ask “Why then all the fuss about
the dopamine D, receptor?” A more compelling ques-
tion is: “Why has there been such a fuss about serotonin
receptors in schizophrenia these past 10 years when
there is little or no compelling evidence and no clinical
correlate indicating that serotonin receptors have any
clinical role in schizophrenia, its treatment, or any role
in alleviating neuroleptic-induced Parkinsonism?”

These questions are precisely why this review was
prepared. Which receptor, if any, needs to be blocked to
balance the Parkinsonism elicited by D, blockade? Could
it be Dy, 5-HT;, 5-HT,,, 5-HT,, or 5-HT;, or could it be
none of these? This is precisely the reason for obtaining

Table 2. Dissociation Constants (nM) of Antipsychotic Drugs at the Human Cloned

5-HT,4 Receptor

Ligand-Independent K Values

Filter- K Using [FH]-

Not Corrected” Corrected” ketanserin
Chlorpromazine 1.8+02 1.8 2
Clozapine 35+04 35 3.8
[*H]-clozapine 3.2
Fluphenazine 32=x05 3.1 3.8
Haloperidol 46 = 10 45 58
HNoperidone 0.17 = 0.03 0.16 0.19
Isoclozapine 1.8 0.2 1.8 2.1
Isoloxapine 3.7+05 3.6 3.9
Loxapine 1803 1.8 2
Melperone 150 140 175
Molindone 5,800 5,800 5,800
Olanzapine 23 =0.5¢ 2.3¢ 3
[*H]-olanzapine 1.6
Perlapine 13 12 20
Raclopride 3,900 3,800 4,400
Remoxipride 5,200 5,400 6,400
Risperidone 0.21 = 0.05 0.22 0.20
Ritanserin 0.54 = 0.1 0.52 0.55
Seroquel 110 110 135
Sertindole 0.3 +0.03 0.3 0.29
Thioridazine 1.1+02 1 1.3
Trifluperazine 76+15 7.6 8.4

“Extrapolated radioligand-independent K values, using procedure in Figure 2 and using radioligand parti-

tion values that include nonspecific binding to the filter,

as shown in Figure 1.

"Extrapolated radioligand-independent K values, using procedure in Figure 2 and using radioligand parti-
tion values from which nonspecific binding to the filter has been subtracted.
“Average of K, (of 1.6 nM, using ["H]-olanzapine) and extrapolated radioligand-independent K value.
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reliable dissociation constants for these neuroleptics at
the various receptors.

Furthermore, as stated in the review, our recent find-
ings with D,-selective [*H]J-ligands indicated that there
were no detectable amounts of true dopamine D, recep-
tors in either human control or schizophrenia striata.
This is no justification, however, in discarding the
dopamine D, receptor as a target for drug development,
as Drs. Roth and Sibley recommend. It may well
emerge that D, blockade by the new D,-selective drugs
(Kulagowski et al. 1996; Rowley et al. 1996; Boyfield et
al. 1996) is not clinically antipsychotic, as mentioned by
Dr. Wong (Kramer et al. 1996), but such blockade may
have another neuropsychopharmacological role, such
as possibly alleviating the Parkinsonism of D, blockade.
It is the purpose of the review to examine this as only
one possibility.

Using the data of Roth et al. (1994) for the neuroleptic
dissociation constants at the rat cloned 5-HT, receptor,
and the data in Table 1 (see review) for the human cloned
dopamine D, receptor, the relation between the catalepsy
doses and the ratio of the D,:5-HT, dissociation con-
stants is shown in Figure 8 (top, this article). Clozapine
and olanzapine are selective for the 5-HT, receptor, sug-
gesting that this receptor, when blocked, may alleviate
Dy -associated catalepsy. Although melperone and per-
lapine are identified in Figure 8, these neuroleptics have
high dissociation constants at D,, suggesting that they
may be readily displaced (see Discussion in the review).
Altogether, however, there are too few atypical neurolep-
tics in Figure 8 (top) to establish clearly whether neuro-
leptic selectivity for the 5-HT, receptor is or is not pre-
dictive of an atypical clinical action by a neuroleptic.
The 5-HT, receptor may play an important role, and
further research on this point is warranted.

10. Are Atypical Neuroleptics Selective for the 5-HT,
Receptor?

Using the data of Roth et al. (1994) for the neuroleptic
dissociation constants at the rat cloned 5-HT, receptor
and the data in Table 1 for the human cloned dopamine
D, receptor, the relation between the catalepsy doses
and the ratio of the D,:5-HT, dissociation constants is
shown in Figure 8. (bottom). Olanzapine, an important
atypical drug, does not fit this relation in Figure 8 (bot-
tom). The 5-HT; receptor is unlikely, therefore, to play
an important role in predicting whether a neuroleptic
may have an atypical clinical action.

11. Selective Antagonists for 5-HT,, Receptors and
Dopamine D, Receptors

Drs. Roth and Sibley state that “With respect to the D,
dopamine receptor and the treatment of schizophrenia
there has been much sound and fury, but little bona fide
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Figure 8. Top, Neuroleptic doses for catalepsy of 50% of the

rats in relation to the ratio of the neuroleptic dissociation
constants for the rat cloned serotonin, receptors (from Roth
et al. 1994) and the dissociation constants in Table 1 for the
human cloned dopamine D, receptor. Although melperone
and perlapine are identified here, these neuroleptics have
high dissociation constants at D,, suggesting that they may
be readily displaced. Bottom, same as top, except that data
are for the rat cloned serotonin, receptor (data from Roth et
al. 1994).

evidence.” However, evidence is seriously lacking for a
clear role for serotonin receptors in the treatment of
schizophrenia, despite the long-standing and aggres-
sive marketing to clinical psychiatrists of the concept of
serotonin-dopamine-antagonism in treating schizophre-
nia. For example, a number of positron tomography stud-
ies indicate that the occupancy of 5-HT,, receptors is
not required for antipsychotic action. As Nyberg et al.
(1996) have stated, based on their examination of the oc-
cupancy of serotonin receptors by many neuroleptics in
human subjects: “Clearly, a 5-HT, receptor blockade is
not a prerequisite for the antipsychotic effects induced
by classic neuroleptics.”

At present, the dopamine D, receptor is the only re-
ceptor that needs to be blocked to achieve an antipsy-
chotic effect. This also holds for clozapine (Seeman and
Kapur submitted).

The data in Figure 7 illustrate that the neuroleptic
doses (for catalepsy) weakly correlated with the neuro-
leptic selectivities for the 5-HT,, receptor and more
strongly correlated with the neuroleptic selectivities for
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the dopamine D, receptor. (The term selectivity here is
used to indicate the neuroleptic dissociation constant at
the 5-HT,, receptor or at the dopamine D, receptor, rel-
ative to the dissociation constant at the D, receptor.)

Because the correlation coefficient for the catalepsy-
D, receptor relation was significantly high, the blockade
of the dopamine D, receptor may contribute to the atyp-
ical action of a neuroleptic. It is necessary to emphasize,
however, that the blockade of dopamine D, receptors
continues to be a necessary minimum to attain antipsy-
chotic activity (Seeman and Kapur submitted).

Dr. Wong may be correct, therefore, in proposing a
future neuroleptic with an appropriate DD, affinity
that would be clinically effective in inducing low levels
of Parkinsonism.

To resolve the question of which of the two receptors
(the 5-HT,4 receptor or the dopamine D, receptor) con-
tributes more effectively to the low level of Parkin-
sonism will require new neuroleptics with higher selec-
tivities for either the 5-HT,, receptor (such as MDL
100,907) or the dopamine D, receptor.

Although ritanserin is selective for 5-HT,, receptors,
it has a 10-nM dissociation constant for the D, receptor
(Table 2, this article). Thus, depending on the clinical
dose used, one would expect ritanserin to occupy D, re-
ceptors and to allay psychotic symptoms. For example,
low doses of ritanserin would occupy about one dopam-
ine D, receptor for every 10 serotonin,, receptors occu-
pied. Hence, the value of 10 nM for ritanserin at the D,
receptor may account for the modest antipsychotic ac-
tion of ritanserin (Meibach 1989; Duinkerke et al. 1993;
Heck et al. 1994; Weisel et al. 1994). Although Weisel et
al. found that doses of 10 to 30 mg of ritanserin did not
affect the binding of ["'C]-raclopride to the D, receptors
in three patients, ritanserin binds with low affinity (K of
10 nM) and would be expected to have a low occupancy
of the D, receptors, similar to the situation with cloza-
pine (Conley et al. 1996; Farde et al. 1992; Karbe et al.
1991; Louerens et al. 1993; Nordstrom et al. 1996). More-
over, it also has been found that ritanserin, in contrast
to clozapine, does not alleviate the extrapyramidal ef-
fects of haloperidol, but rather elicits a D,-like dystonia
in haloperidol-sensitized primates (Casey 1991). Hence, it
is likely that doses of ritanserin higher than 30 mg per day
would be significantly antipsychotic via D, blockade.

12. Dopamine D, Receptor Dimers

As stated in the review, the elevation of the Dylike
binding sites in schizophrenia tissues does not reflect
true D, receptors but may actually represent an increase
in the amount of dopamine D, receptor monomers.

The existence of D, receptor monomers and dimers
arose from the observations that the apparent molecu-
lar weight of D, was between 92,000 and 150,000 Dal-
tons, as determined by radiation inactivation (Lilly et al.
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1983) and photolabeling experiments (Niznik et al.
1986; Jarvie et al. 1989; Jarvie and Niznik 1989), in con-
trast to the size of about 46,000 Daltons for the cloned
dopamine D, receptor.

In addition, the number of ["H]-nemonapride bind-
ing sites for cloned dopamine D, receptors was always
higher than the number of [*H]-spiperone binding sites
(Seeman et al. 1992). This observation had consistently
been seen previously by Niznik et al. (1985) for dopa-
mine D, receptors in canine striatum (homogenates and
solubilized), porcine anterior pituitary, human caudate,
and rat striatum. Terai et al. (1989) also found the bind-
ing of [*H]-nemonapride to exceed that of [*H]-spiper-
one in the rat striatum. The density of D, sites labeled
by [*H]-nemonapride invariably exceeds that labeled by
[*H]-spiperone in every postmortem human brain stria-
tum tested (over 100 brains examined; Seeman et al.
1993a, 1993b).

As noted by Dr. Wong, the same type of finding oc-
curs in clinical positron tomography of dopamine D, re-
ceptors in human subjects. The density of D, sites la-
beled by [''C]-raclopride is invariably 20% higher (L.
Farde, personal communication) or 80% higher (Wong
et al. 1992, 1993) than the density of [''C]-methylspiper-
one sites in the human striatum. For example, the den-
sity of D, sites labeled by ['C]-spiperone ranges from
15 to 24 pmol/g (Tune et al. 1993; Wong et al. 1993;
Nordstrom et al. 1995), whereas the density of D, sites
labeled by [''C]-raclopride ranges from 24 to 28 pmol/g
(Farde et al. 1990, 1995; Wong et al. 1995).

Dr. Strange states, however, that Vile et al. (1995) did
not find any difference between the number of binding
sites detected by [°H]-nemonapride and [*H]-spiperone.
The actual data published by Vile et al. (1995), however,
indicate otherwise, namely that the B, or density of
[*H]-nemonapride sites exceeded that for [*H]-spiper-
one by 16% to 26% for cloned Dy, 11% to 17% for
cloned Dyong), and 11% for the rat striatum. Apparently,
not a single experiment done by Vile et al. (1995) ever re-
vealed more [*H]-spiperone sites than [*H]-nemonapride
sites, something that would be expected for at least one
experiment if the densities were identical. We do not,
therefore, accept Dr. Strange’s view that thie radioligand
densities were identical.

The balance between D, monomers and dimers may
well depend on experimental conditions, as outlined for
muscarinic receptor oligomers by Wreggett and Wells
(1995), and this factor may account for identical D, den-
sities measured by Malmberg et al. (1996).

In addition, we recently tested the radioligand-binding
properties of the dopamine D, receptor monomers and
dimers, using two photoaffinity radioligands, ["*I]-azido-
phenethyl-spiperone and [**’[}4-azido-5-iodonemonapride
(Ng et al., 1996). We found that ['*I|-azidophenethyl-
spiperone labeled the monomer, whereas ['#1]-4-azido-5-
iodonemonapride labeled both the monomers and the
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dimers. These data indicate that the spiperone and benza-
mide congeners labeled different populations of the D,
receptor, resolving the density discrepancies found with
these two radioligands in human brain positron tomog-
raphy (Tune et al. 1993; Wong et al. 1993; Nordstrom et
al. 1995; Farde et al. 1990, 1995; Wong et al. 1995). In
other words, because the benzamide attaches to both
monomers and dimers, the density of [''C]-raclopride
sites in human subjects exceed the density of D, mono-
mer sites labeled by [V'C]-methylspiperone.

It appears, therefore, that the dopamine D, receptor-
binding properties of [''C]raclopride and [''C]-methyl-
spiperone may differ, in agreement with the comments
of Dr. Wong. This has considerable implications for the
measurement of D, receptors in schizophrenia, wherein
[''Cl-raclopride reveals no elevation of D, receptors
(Farde et al. 1990), but ["'C]-methylspiperone does
(Wong et al. 1986; Gjedde et al. 1995; Nordstrom et al.
1995), although these latter authors state that the 33%
elevation of D, they found was not statistically signifi-
cant. Clearly, therefore, we have much yet to learn about
how dopamine D, receptors behave in health and disease.

P. Seeman, M.D., Ph.D.
R. Corbett, Ph.D.
H.H.M. Van Tol, Ph.D.
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