With regard to the first point, it is quite
clear that the ambient ions in the strato-
sphere will be extensively hydrated (3).
This follows readily from the use of
known laboratory three-body associa-
tion rate constants (¢), which lead to
hydration times of the order of 107? sec-
ond for NO,™ ions at an altitude of 20
km, for example. The hydration reac-
tions will be so rapid in the stratosphere
that one can almost assume a thermody-
namic distribution of cluster ions. We es-
timate that less than 1 percent of NO,~
ions would be unhydrated at 20 km,
based on available thermodynamic data
on the clustering of H,O to NO;~ (5).
This is consistent with the observation
(6) that the terminal NO,™ ions are hy-
drated extensively at much higher alti-
tudes (73 to 90 km), where both the total
pressure and the water concentrations
are much less, so that hydration would
be much slower than in the stratosphere.
Ruderman et al. noted the probability
that the longer-lived ions would be
hydrated, but assumed that rate co-
efficients would not be affected by the
hydration. However, since the addition
of the first water molecule to NO;™ ren-
ders reaction 1 endothermic, it necessari-
ly kills any reactivity (2). It is quite pos-
sible that hydration at early stages of the
negative-ion reaction sequence will pre-
vent formation of NO,~, but we do not
need to evoke that prospect for the pres-
ent purpose. It is also possible that as
yet unrecognized chemical processes cir-
cumvent the production of NO,~ as a ter-
minal ion in the stratosphere; however
this could only further diminish the role
of reaction 1.

In regard to the second point, we have

examined reaction 1 in our laboratory by
using the NOAA (National Oceanic and
Atmospheric Administration) flowing af-
terglow system, which has been exten-
sively applied to atmospheric negative-
ion reactions (7). We find k, < 10713
cm?® molecule™ sec™! to be a con-
servative upper limit for this rate con-
stant at 300°K. This makes reaction 1 in-
sufficient for the proposed O; removal,
even if NO,~ were a major stratospheric
ion reactions (7). We find k, < 10713
man et al., which required a value of &,
at least as large as 107!2 cm?® molecule™!
sec™! (1).

These considerations clearly eliminate
the specific reaction mechanism pro-
posed by Ruderman et al. (I).
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Dopamine Receptors and Average Clinical Doses

Creese et al. (I) have convincingly
demonstrated that the relative affinities
of an extensive series of butyrophe-
nones, phenothiazines, thioxanthenes,
and other dopamine antagonists in com-
peting with [*H]haloperidol binding to
the dopamine receptor of calf striatal
membranes predict their clinical po-
tencies in psychiatric patients as well as
pharmacological properties in animal be-
havioral tests. Their conclusions are
based on a correlation coefficient of .87
relating the inhibition constant K;, the
concentration that produces 50 percent
receptor occupation, for each drug, to
“‘average clinical dose.”’

We would like to point out several

problems with the two measures Creese

et al. have correlated. The calculation of
29 OCTOBER 1976

K; by the formula given in their table 1
does not take into account the fact that
most of the neuroleptics are highly ab-
sorbed, each having a different tissue
solubility (2). The formula only holds if
the unbound drug concentration is used;
thus it is better to report only the experi-
mental 50 percent inhibitory concentra-
tion (IC5). The authors’ sources for aver-
age clinical doses are general review arti-
cles [see (I)] and they used the averages
of midpoint values of listed ranges of
daily dose from these sources. Only 8 of
the 22 drugs for which the average clini-
cal daily dose is provided are in ap-
proved clinical use in the United States.
Most of the rest have had limited general
use abroad and limited, if any, clinical
testing in the United States. Because of

the frequently demonstrated enormous
interindividual differences in the pharma-
cokinetics of antipsychotic drugs, it is
difficult to make meaningful comparisons
between drugs across groups unless the
groups are very large. A small group of
studies may produce conflicting and mis-
leading results. Thus, there may be sig-
nificant problems with the dosages for
two of the drugs included in the study by
Creese et al.

The sources consulted by Creese et al.
indicated that clozapine is clinically half
as potent as chlorpromazine (/) and that
the average clinical dose of chlorproma-
zine is 12 umole kg~! day~' (260 mg/day
for a 70-kg human), a figure I believe
most clinicians would agree is too low.
For example, Klein and Davis (3) in-
dicate that the average daily dose of
chlorpromazine is 692 mg. I checked
three clinical studies of clozapine which
permit an assessment of the average dai-
ly dose; comparing this with an average
dose of chlorpromazine of 260 mg/day,
the estimated potency of clozapine is 0.6
to 1.25 times the potency of chlorproma-
zine (¢). If 692 mg/day is taken as the
average dose of chlorpromazine, cloza-
pine is 2.3 to 4.2 times as potent as
chlorpromazine. The available data for
(+)-butaclamol are also suspect since in
most of the limited clinical trials of this
drug mixtures of the inactive stereo-
isomer with the active compound have
been used (5). The average clinical dose
utilized by Creese et al. for (+)-butacla-
mol is markedly greater than that consist-
ent with the regression equation derived
from their data. Despite the problems
with clozapine and (+)-butaclamol, the
Spearman rank-order correlation coeffi-
cients for the 8 drugs in general use and
the 14 other drugs are virtually identical:
.863 and .837, respectively. Thus it is
reasonable to conclude that the average
clinical dose for at least 12 of the 14 less
used drugs are in correct relationship to
each other.

The work of Creese et al. as well as of
others (6) strongly supports the role of
dopamine blockade in the antipsychotic
action of the majority of neuroleptic
drugs. However, their work leaves un-
settled the mechanism of action of cloza-
pine, which is a weak receptor blocker in
their in vitro system (in the 100 nM
range) and a weak dopamine receptor
blocker in vivo (7). On the other hand,
Seeman et al. (8) found that clozapine
can block haloperidol binding in the
range 10 to 20 nM. Other evidence
points to an effect of clozapine as an
inhibitor of dopamine release (9).

Finally, T would like to question the
desirability of using the method of
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Creese et al. for screening new phenothi-
azines, butyrophenones, or thioxan-
thenes. Measurement of the effect of
drugs of these classes on serum prolactin
levels in the rat also serves to identify
dopamine receptor blockers and is much
simpler (10). Of greater importance is the
fact that there are many drugs of these
classes already in clinical use. New
drugs of the same type usually differ only
quantitatively in potency, sedative ef-
fects, and extrapyramidal side effects but
do not increase the proportion of
patients who will respond, the extent of
improvement, or the rapidity of re-
sponse. Vast numbers of schizophrenics
are chronically impaired despite neuro-
leptic treatment. The real need is to de-
velop entirely different chemical ap-
proaches to the prophylaxis and treat-
ment of schizophrenia.
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We agree with Meltzer that determin-
ing the ““mean”’ effective clinical dose of
an antischizophrenic drug is a difficult
process, since dosage requirements vary
tremendously from patient to patient. Us-
ing the clinical doses for chlorproma-
zine, clozapine, and (+)-butaclamol sug-
gested by Meltzer, we have recalculated
the correlation between affinity for dopa-
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Fig. 1. Antischizophrenic drugs: correlation
between affinity for [*H]haloperidol binding
and clinical potency.

mine receptors and clinical potency (Fig.
1) and found the same high correlation
coefficient (» = .87) observed previously
with different doses for these three drugs
(7). Employing the ICj, value (concentra-
tion that inhibits receptor binding by 50
percent) rather than the apparent K (inhi-
bition constant, indicating 50 percent re-
ceptor occupation), as recommended by
Meltzer, does not influence correlations
between the drugs’ affinities for the re-
ceptor and clinical efficacy, since the K;
is obtained from the IC;, value by multi-
plying 1C;, for each drug by the constant
factor 0.5 in these experiments.

Because of the imprecision in estab-
lishing clinical doses, we examined the
relationship of neuroleptic affinity for the
dopamine receptor and pharmacological
activity in several animal behaviors that
depend on dopamine receptor blockade
(I). We observed close correlations with
blockade of [*H]haloperidol binding and
neuroleptic inhibition of apomorphine-
induced stereotyped behavior in rats
(r = .94), prevention of apomorphine-in-
duced vomiting in dogs (r = .93), and in-
hibition of amphetamine-induced stereo-
typed behavior in rats (r = .92).

Meltzer suggests that screening effects
of neuroleptic drugs on serum prolactin
levels may be simpler and more meaning-
ful than measuring their affinity for the
dopamine receptor. Such prolactin stud-
ies require several groups of animals and
multiple doses, thus consuming many
rats and much drug. Moreover, drugs
can influence blood prolactin levels by
many mechanisms other than blockade
of dopamine receptors. By contrast, a
few micrograms of a drug and a few milli-
grams of brain tissue suffice for dopa-
mine receptor assays; up to 100 drugs
can be screened in a morning, providing
precise molar affinities of each drug for
the dopamine receptor.

However, binding studies of the dopa-
mine receptor (/, 2) were not undertaken
only to develop a cheap method for
screening new drugs. Earlier evidence
that antischizophrenic neuroleptic phe-
nothiazines and butyrophenones block
dopamine receptors derived largely from
studies with intact animals, in which
drug effects on other systems may only
indirectly alter dopamine activity. Stud-
ies of an adenylate cyclase that is stimu-
lated selectively by dopamine (3) pro-
vided a biochemical means of screening
neuroleptic drugs in vitro. Although phe-
nothiazine potencies based on the dopa-
mine-sensitive adenylate cyclase corre-
late with in vivo pharmacological data,
the correlation is quite poor for butyro-
phenones; some workers even sug-
gested that butyrophenones do not act
by dopamine receptor blockade «). Di-
rect labeling of the dopamine receptor
with [*H]haloperidol has provided im-
pressive predictions of the clinical and
pharmacological activities of both butyro-
phenones and phenothiazines, afford-
ing a novel unequivocal demonstration
that pharmacological actions of these
drugs are mediated at synaptic receptors
for dopamine. Dopamine is an important
neurotransmitter in the brain, whose ac-
tivity has been implicated in numerous
diseases including Parkinson’s disease
and schizophrenia. We feel that biochem-
ical characterization of the dopamine re-
ceptor will find its greatest contribution
in elucidating molecular mechanisms
that regulate synaptic transmission in
normal and diseased states.
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