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ofthe differencein distribution betweenthe H-3 and the F-18data,
since this is entirely sufficient. The use of pharmacological data
to query the tracer data is probably not appropriate in this case.
We have shown (3) that the percentage in brain uptake of halo
peridol decreases as the delivered dose of haloperidol increases,
from a tracer quantity to a pharmacologicaldose.Although these
data refer only to gross uptake and not to specific receptor binding,
the change in percentage uptake as a function of total concentra
tion would be expected to produce a change in the percentage
boundtothereceptor.Of muchgreaterconcernisthefactthat
another study (4), using flucrine-l 8 haloperidol of much higher
specific activity, gave biodistnibution data in good agreement with
the H-3 data and apparently at odds with the data obtained by
Zanzonico et al. (1).

The much higher counting rates obtained by the use of material
with high specific activity substantially simplifies the experiments
and reducesthe random errors inherent in the technique. Zanzo
nico et al. (1) gave very few details of the techniques used to obtain
accurate results with the extremely low counting rates that they
encountered. The two sets of data were obtained in different ani
mals (mice and rats, respectively), and species differences may
account for the different results. In the absence ofany correlation
experiments between the two species used, however, the much
lower random errors encountered in the high-specific-activity study
must give greater confidence in those data.

As to the more general points concerning the quantitative dis
tribution of the radioligand as a function of receptor density, Drs.
Eckelman and Gibson are quite correct in pointing out that Klotz's
criticism (5) of the Scatchard analysis applies only to a multi
component binding curve. With the use of H-3 ligands and con
ventional techniques, however, any component with higher asso
ciation constants but more than an order of magnitude lower ca
pacity will be extremely difficult to detect. With the much higher
specific activities possible with other radionuclides, such compo
nents may well reveal themselves in unexpected fashions. At the
St.Louismeetinglastyear,Dr.Friedman(6) reportedjustsuch
a component in the work with [75Brjbromospiroperidol. Other
explanations for differing distribution with different specific ac
tivitiesâ€”evenwhen theseare well below receptor-saturation 1ev
elsâ€”arealso possible.The presenceofendogenous ligand for the
receptor may well play a key role in the quantitative binding, as
has been shown with bromospiroperidol.

The results obtained with (R) and (S) QNB demonstrate that
the uptake is not solely a function of flow but is receptor mediated.
Theseresults, however,do not establishthat flow hasno effect on
the receptor-mediated uptake. The critical question is whether
areasof tissuewith the samereceptor density but different blood
flow will accumulate the sameamount of ligand. The hepatic re
suIts of Krohn et al. (7) suggest that the answer to this question
may be a function of the properties of the labeled ligand, even when
all the other criteria for ligand binding have been met.

Invivodemonstrationoftruereceptorbindingisa majortin
dertaking, and it is true that a saturation curve, or differential
binding with increasing amounts of ligand, is a necessary but not
sufficient condition to demonstratethat receptor-mediatedbinding
is occurring. The dynamic nature of the in vivo process implies that
the rates of the different processes involved in the receptor-med
iated binding bear as important a role as the absolute values. As
these rates are largely unknown at present, the full implications
of all thesedata are difficult to assess.

TIMOTHY TEWSON

University of Texas Health Sci. Gb'.
Houston, Texas
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Reply
Ingeneral,thevalidationinvivoofaputativereceptor-binding

radiotracer as such is complicated by pharmacokinetic, metabolic,
and pharmacological considerations. As alluded to by Frost and
Kuhar (I), it is this complexity that makes rigorous application
of the operational definition ofa receptor-ligandinteraction (2â€”4)
difficult in vivo. Consequently, the development of a putative re
ceptor-binding radiotracer is initiated, logically, on the basis of
in vitro experimental data (1). The interaction of haloperidol with
the dopaminereceptor,in particular, has beenextensivelyvalidated
and characterized in vitro, with rigorous application of the oper

ational definition of a receptor-ligand interaction (5,6). It is on
this basis that we initiated our development of F-18 haloperidol
as a radiotracer binding to the dopamine receptor. It is on this
basis, also, that our in vivo experimental data were interpreted.

The objective of our study, therefore, was not to validate cx
haustively the interaction between haloperidol and dopamine re
ceptorâ€”since many studies concerning such validation in vitro
(5,7) and in vivo (7â€”9)have already been publishedâ€”but to
evaluate F-I8 haloperidol further for in vivouse as a radiotracer
binding to the dopamine receptor. As we state in our paper (10),
â€œthedose-dependent decrease, in the relative concentration in the
striatum and in the striatum-to-cerebellum concentration ratio,
is consistent with receptor-mediated localization of F-18 halo
peridol in the striatum.â€•Certainly, our findipgs do not establish
conclusively that striatal localization of F-18 haloperidol is receptor
mediated. Indeed, based on the saturable nature ofcerebellar lo
calization of F-18 haloperidol,some portionof its dose-dependent
striatal relative concentration may actually reflect saturable
blood-to-brain transport (i.e., carrier-mediated transport) of ha
loperidol (10).

As weexplicitly stated, further evaluation of F-18 haloperidol
asa radiotracer binding in vivo to the dopaminereceptorwill entail
application ofadditional criteria for a receptor-ligand interaction,
together with further intercompanison with spiroperidol and other
dopamine-receptor-binding radiotracers. Certainly we should
pursue the application to F-18 haloperidol of the elegant method
applied by Arnett et al. (II) and Laduron et al. (12), e.g., the use
of receptor-binding and nonreceptor-binding stereoisomers to
discriminatebetweenspecifically-andnonspecificallyboundligand
in tissue. Contrary to the assertion of Eckelman and Gibson,
however,implicit in our experiments is the application ofat least
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three criteria [saturability, anatomic specificity, and recoverability
(JO)], not one, for a receptor-ligand interaction (2â€”4).We note
that in their recent paper in Science, other authors (13) have ap
plied two (i.e., saturability, anatomic specificity) of the three cni
teria (10), and on that basis concluded that dopamine receptors
in the human brain had in fact been imaged by positron tomog
raphy. With regard to the recommendation that at least two cni
tenia be applied to the validation in vivo of receptor-binding ra
diotracers, we feel that in light of the current, rather germinal stage
of developmentof suchradiotracers, it isstill too early to establish
rigid rules for such validationâ€”e.g., concerning the number or
precise nature of criteria to be applied.

An apparent discrepancy between the results of Creese et al.
(14) and Zanzonico et al. (10), was cited by Eckelman and Gibson
asjustification for stating that the data ofeither the onegroup or
the other are incorrect, and that possible errors in the F- 18 halo
peridoldata of Zanzonicoet al. (10) may explainthisdiscrepancy.
Ifany reader ofa scientificjournal believes that a published study
is flawed by one or more technical errors, it is our opinion that he
should provide evidencefor such an assertion. We are confident
ofour results, but at the same time are constantly striving for ac
curacy and scientific rigor. Consequently, we would welcome any
specific suggestions directed toward the improvement ofour cx
perimental method.

Nevertheless, we do feel a discussion of the consistency of our
findings relative to available pharmacologic data is pertinent, and
we welcome the opportunity to respond to this point. The come
lation analysis ofCreese et al. (14) is based upon the average daily
dose (normalized to body mass, and generally long-term) of neu
roleptics used in the management of schizophrenia. Due to dif
ferential pharmacokinetics and bioavailabiiity (e.g., due to
blood-brain barrier penetrability) among drugs, this analysis would
begreatly refined if it were basedupon the time-averagedtarget
tissue(i.e., striatal) concentrationof neuroleptics.This is because
the mean fractional receptor occupancyâ€”and presumably the net
pharmacologic effectâ€”depend upon both the receptor-binding
affinity and the mean of the time-dependent drug concentration
at the pharmacologic site ofaction. The assertion by Eckelman and
Gibson that our findings are inconsistent with thoseof Creeseet
al. (14) is, therefore, difficult to rationalize because it implicitly
assumes that, for haloperidol and spiroperidol, the concentration
in mouse stniatum at a single time point (i.e., I hr) after one in
travenous administration accurately approximates the concen
tration in human striatum at steady state after long-term daily oral
administration, which in turn is assumed to be directly related to
the daily dose normalized to body mass. Interestingly enough, if
one tentatively accepts the validity of this assumption, we can
demonstrate (see below)â€”contrary to the claim of Eckelman and
Gibsonâ€”that our findings are, in fact, reasonably consistent with
those ofCreese et al. (14).

In evaluating the psychotropic potency of a large series of
neuroleptics, Seeman and Lee (15) determined that the half
maximal, receptor-mediated inhibition of the electrically stimu
lated releaseof H-3 dopamine from the striatum in the intact rat,
as measured in vitro using slices of stniatum, is achieved at con
centrations (IC 50%) of95 nM and 12 nM for halopenidol and
spiroperidol, respectively. An important advantage of such an in
vitro model is that the drug concentration at the pharmacologic
site ofaction can be determined directly. The tenfold concentration
difference (95 nM compared with I2 nM) presumably reflects the
tenfold greaterreceptor-bindingaffinity ofspiroperidol EKD= 0.32
nM (6)] relative to haloperidol [KD = 3.3 nM (6)]. Therefore, to
yield equal fractional receptoroccupancies,and thus equal phar
macologic effects (in the preceding example, inhibition of dcc
tnically stimulated dopamine release), the stniatal concentration
of haloperidol must be ten times that ofspiroperidol. Accordingly,
on the basis of the receptor-blockade hypothesis of neuroleptic

action (16), the average daily clinical dose of haloperidol would
be ten times that of spiroperidol if their pharmacokinetics, bio
availability to brain, etc., were essentially identical. On this basis,
a correlation between the dissociation constant KD and the average
daily clinical dose of neuroleptics Ii.e., the correlation actually
demonstrated by Creese et al. (14)], is expected. The average daily
clinical dose, as determined by Creese et al. (14), of halopenidol
( I52 nmol/kg,range34-340)is actuallythreetimesthat of
spiroperidol (58 nmol/kg, range 18â€”I10); the qualitative agree
ment with the hypothetically expected tenfold dose difference il
lustrates the basisof the correlation demonstratedby Creeseet al.
(14). Using the striatal concentration-dose data for F-l8 halo
penidol (Fig. 2 of Ref. 10) and for H-3 spiropenidol (Fig. 3 of Ref.
17) (i.e., invoking the implicit assumption of Eckelman and Gib
son) at the average daily clinical doses (14) of I52 nmol/kg (57
zg/kg) and 58 nmol/kg (23 zg/kg) for halopenidol and spirop
eridol, respectively, we can determine that the dose-normalized
stniatal concentration for haloperidol [expressed as relative con
centration (18), for example] is approximately five times that for
spiroperidol. Thus, the therapeutically effective stniatal concen
tration of haloperidol is I 5 times that of spiroperidol, in qualitative
agreement with the expected tenfold striatal concentration dif
ference and the correlation demonstrated by Creese et al. (14).
Note that eventhis relatively crude consideration of pharmaco
kinetic and bioavailability (yielding an observed fifteenfold com
pared with the expected tenfold difference in striatal concentra
tion) seems to refine the correlation analysis ofCreese et al. (14)
(yielding an observed threefold compared with the expected tenfold
difference in average daily clinical dose).

In closing, we take this opportunity to provide an estimate of the
percent dose in whole brain of haloperidol and of spiroperidol at
tracer doses ( I pg/kg). The percent dose in whole brain can be
estimated as the stniatal relative concentration [30 for haloperidol
(10) and 0.26 for spiropenidol (Zanzonico PB, Bigler RE, un
published results)] times the striatal percent of body mass [0.056%
for rodents (19)] plus the cerebellar relative concentration [eight
for halopenidol (10) and 0.072 for spiropenidol (Zanzonico PB,
Bigler RE, unpublished results)] times the remaining brain percent
of body mass [0.94% for rodents (19)], assuming that the cere
bellar relative concentration approximates the relative concen
tration in the remaining brain. On this basis, therefore, the percent
dose in whole brain at tracer doses in rodents is 9.2% for haloperidol
and 0.082% for spiroperidol.

PAT ZANZONICO
RODNEYE. BIGLER
BERNARD SCHMALL
Biophysics Laboratory
Memorial Sloan-Kettering Cancer Center
New York, New York
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Re: ThyroidIodineContentMeasuredby X-Ray
Fluorescencein Amiodarone-induced
Thyrotoxicosis

I feel compelled to comment on the article of Leger et al. (1)
concerning the x-ray fluorescent (XRF) measurement of thyroid
iodine stores (ITI) in hyperthyroidism, because they referred to
our own work (2), in my opinion out of context. They quoted us
to support their findings that most of their patients with Graves'
disease (GD) presented with a normal ITI, whereas we specifically
stressedthe fact that in our experienceabout two thirds of these
patients presentedwith an III lower than normal. Furthermore,
in one of their own publications (3), the same group shows that

20% of their hyperthyroid patients had a subnormal IT!. A wide
range of IT! valueshasbeenreported in the literature in normal
glands as well as in thyroid disease, the trend being that higher
values are found in areas where iodine is supplemented in the diet.
It has therefore beensuggestedthat XRF measurementsmight
belessusefulfroma clinicalandindividualpointofviewinthese
areas (e.g., the U.S.), than in other parts of the world (4).

As far asthe main subjectof the article is concernedâ€”namely
III in amiodarone-treated patientsâ€”ourown experience is also
at variance with the author's data. We have examined many pa
tients taking amiodarone and, although only one short series has
been formally published (5), we consistently find that the patients
underamiodaronetherapythat remaineuthyroidgenerallyac
cumulate a significant amount of iodine in their glands. The nature
of the mechanism for this remains unclear (6); there is a wide range
(20 to 100 mg) and a mean ofabout four times normal (35 mg as
opposed to 9 mg). Most of the patients becoming hyperthyroid
while on amiodarone therapy, but not all, fall in this range, so that
an ITI determination is not diagnostic in this situation. On the
otherhand,weagreethat the ITIevolvesincloseparallelwiththe
thyroidstate in treated patientsor in patientsrecoveringor re
curring spontaneously(5), making the XRF measurementa very
useful tool for follow-up. We feel that it is at this place that the
authors should have referred to our article (2) becausehyper
thyroid patients taking amiodarone behavelike the hyperthyroid
patients with iodine overload that we described, as far as the re
lationship between Ill and circulating hormones is concerned. It
is also our experience that when the amiodarone-treated patients
have antibodies against the thyroid, they have a subnormal ITI and
are either hyperthyroid (GD) or hypothyroid. We therefore use
the informationyieldedby meansof XRF in a waydifferent from
that proposed by the authors: ifa patient taking amiodarone pre
sentswith an III lower than 20 mg, and hasbeenon the drug for
a period longer than 3 mo (it takes about 6 wk to obtain a plateau
oftheITI), heisstronglysuspectedofdevelopingeitherhypo-or
hyperthyroidism and is very closely examined and followed up.

M.H.JONCKHEER
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