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Tritiated LSD Binding

in Frontal Cortex in Schizophrenia
Patricia M._ PhD; Timothy J. Crow, FRCP; I. N. Ferrier,,MRCP

• It has been reported that the binding of tritiated LSD (at 2 or another problem is the presence in the tissue of residual
4 nm) to frontal cortex Is reduced in schizophrenia, a Ilnding that neuroleptic, which interferes with iigand binding. 7
has been interpreted as a reduction in the number of serotOnin In view of these difficulties, it seems that a decrease in
receptors. The present study, however, reveals in a Scatchard serotonin receptors in the brain in schizophrenia has not

analysis of trltlatIKI LSD binding in frontal cortex in the brains of been definitely established. In the present study, tritiated
13 schizophrenic patients that there was no decrease in binding LSD binding in the frontal cortex in schizophrenia has
by comparison with eight control brains. Quantities of neurolep- been reinvestigated with saturation (Scatchard) analysis,
tic remaining In the brain alter death cannot be readily washed which has the potential for revealing effects of residual
out and could have led to the previous report of reduced LSD drugs. _
binding. A decrease In affinity of LSD binding sites consistent METHODS
with this possibility has been demonstrated in chlorpromazlne-
treated rats. In the brains of five patients who had probably been Brains from schizophrenic and control patients were obtained

neuroleptlc-free for the year before death, tritlatod LSD binding from a variety of hospitals and were matched for age, sex, and
was significantly increased. This result needs to be replicated in time to autopsy, as described in an earlier study (Table l))

Diagnosis of schizophrenia was established by application of the
larger samples. Present State Examination Syndrome Checklist '_ to the case

(Arch Gen Psychiatry 38:278-280, 1981) notes. Patients were included only if there was evidence of the

presence of nuclear (Schneiderian first-rank) symptoms and if the

I Feighner et al '_ criteria for schizophrenia were also satisfied. The
n animal studies, the binding characteristics of CNS brains of schizophrenics were further divided into two groups; in

receptors have been shown to adapt to drugs and other one group the schizophrenics had received neuroleptic medication,
treatments. '._ In Huntington's chorea, tritiated D-LSD and in the other they had received no medication for at least one

binding has been reported to be reduced,:' and tritiated year prior to death, according to all available medical and nursing

neuroleptic binding has been found to be increased in notes.
schizophrenia2 ._This increase in tritiated neuroleptic bind- Cortical samples (Brodmann's areas 4, 10, and 11) were taken
ing is present in caudate nucleus, putamen, and nucleus from frozen whole brains, and a homogenate was prepared as

described previously.:' The final protein concentrations ranged
accumbens septP; but in some studies, _ its presence may from 1.2 to 2.2 mg/mL.
have been obscured by neuroleptic drug concentrations
remaining in the brain after death. _

Recently, a decrease in postsynaptic serotonin (5-HT) Table 1.--Characteristicsof Subjects and CorticalSamples
receptor binding in the frontal cortex of schizophrenics has Used in Tritiated D-LSD Binding Study*
been suggested on the basis of an observation that
tritiated D-LSD binding is decreased, s However, although Mean + SEM

LSD was introduced as a label for serotonergic sites, '°..° Death to Death to
more recent work" has indicated that it also labels dopa- subl_tn N Sex Age, yr Morgue, hr PM,t hr
minergic and, to a lesser extent, adrenergic and histamin- controls 8 4 F, 4 M 70.5±4.9 2.2±0.36 44.9±5.0

ergic sites. In addition to the nonspecificity of the label, Schizophrenic.
Total 13 5 F, 8 M 69.1±3.1 2.9±0.46 39.8±4.8

Acceptedfor publication Oct 29, 1980, Medicated 8 3 F, 5 M 68.42:2.8 2.9_:0.60 46.6:1:8.2
From the Division of Psychiatry, Clinical Research Centre, Northwick Unmedicated 5 2 F, 3 M 70.0 ± 7.4 2.9 + 1.20 22.4 ± 9.1

Park Hospital, Harrow, England.
Reprint requests to Division of Psychiatry, Clinical Research Centre, *None of the differences was significant.

Northwick Park Hospital, Watford Road, Harrow, HA1 3UJ England. tPM indicates postmortem examination.
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Binding assays were performed by incubating for a half hour (at
22 °C) the following aliquots: 0.2 mL of tritiated D-LSD (final Table 2.-Values for Trttiated D-LSD in Frontal
concentration from 0.8nM to 10nM); 0.2 mL of buffer or buffer Cortex Samples*
containing nonradioactive D-LSD (final concentration, 1,000nM);
and 0.2 mL of brain homogenate. Mean ± 1 SEM

After incubation, a 0.5-m L aliquot was filtered and washed with Subjects N B.,, K=
5 mL of tris buffer (concentration, 50nM; pH, 7.4). Radioactivity Controls 8 368.3 ± 36.9 4.21 ± 0.79
on the filter was determined using a triton-toluene scintillant.

Specific binding was defined as the difference between the SchizophrenicsTotal 13 478.5+ 46.5 3.45 ± 0.43
tritiated o-LSD bound in the presence of buffer alone and in the
presence of buffer containing nonradioactive D-LSD. Specific Medicated 8 394.6 ± 39.4 2.87 :t:0.55
binding was determined in triplicate at five different concentra- Unmedicated 5 600.0 ± 76.2t 4.39 ± 0.46
Lions of tritiated D-LSD and was analyzed for maximum binding *The valuesfor B,,, (maximumbindingcapacity)are femtomolesper
capacity(B,,,)and the dissociationconstant(K,)by thetechnique milligram of protein; the values for Kv (the dissociationconstant)are
described by Scatchard." nanomolar.

Following this initial study, an animal study of the effects of tThe valuefor the unmedicatedschizophrenicsIssignificantly different
residual neuroleptic on tritiated D-LSD binding appeared to be from that of the controls (P < .01) and the medicated schizophrenics
necessary. This was performed as follows. Six male rats were (P < .02).All other differencesare nonsignificant.
given 75 mg/kg/day of chlorpromazine hydrochloride in their
drinking water for one week, while six control rats were given
ordinary drinking water. The rats were decapitated, and crude
homogenates were prepared from frontal cortex. The binding Table 3.--Tritiated o-LSD Binding in Cortex of
characteristics of tritiatod LSD were determined by saturation Chlorpromazine-treated and Control Rats*
(Scatchard) analysis using the technique described for human
samples. Mean± 1 SEM

RESULTS N KD B.,,.

The number of tritiated D-LSD binding sites (assessed as B=,.) Control 6 5.33 ± 0.99 140.01 ± 32.04
was not decreased in the brains of schizophrenics by comparison Treated 6 8.52± 0.64 198.53± 32.61
with the brains of controls (Table 2). In the group of five *Chlorpromazlne was givenin drinking waterforoneweekata doseof
unmedicated patients there was a significant increase by eompar- 75mg/kg/day.Kt,endB,,, andtheirvaluesareasexplainedin Table2.
isonwith controls (P < .0l) or medicated patients (P < .02).The TheK, valuesforthegroul_weresignificantlydifferentatP < .05.There
mean K, was found to be 3.45nM in the brains of schizophrenics wasnosignificantdifferencebetweentheB... values.
and 4.21nbi in the brains of controls.

In the rat study of residual neuroleptic effects on tritiated
D-LSD binding, there was a significant increase (P < .05) in the Age Differences Between Subject= and Controls
K, of binding in the treated rats by comparison with the controls •
(Table 3). The B,,, values were not decreased. In the present study there was no difference between

COMMENT the age of the brains of schizophrenics and the brains of
controls. In the previous study," the brains of schizophre-

Our findings conflict with those of an earlier report that nics were significantly older in two of the three studies,
tritiated LSD binding in frontal cortex is reduced in and overall the schizophrenic patients were significantly
schizophrenia. Possible explanations for the discrepancy (P < .01) older at death than the controls (schizophrenics'
are as follows, mean age, 58.7-+ 5.6 [SEM] years; controls' mean age,

42.6 -+ 3.4 years). This may be relevant since a decrease in
Areas of Cortex Sampled affinity of 5-HT binding has been reported with increasing

Bennett et aP examined samples of Brodmann's areas 6, age in human postmortem tissue. '6 However, no data on
8 to 11, and 44 to 47, while we included samples from areas the effect of age on LSD binding are available, and the
4, 10, and 11. Thus, both studies included areas of orbital previous authors" provide reasons why they consider this
and lateral frontal cortex. Too little information on the age difference an unlikely cause of their results.
distribution and characteristics of tritiated LSD binding in
human brain is available to determine whether differences Effects of Drugs

in the other areas sampled could account for the discrepan- Previous neuroleptic medication can affect ligand bind-
cies in the two studies, ing in the brain after death. This has already been

demonstrated in the case of spiroperidol binding, where an
Differences In Collection.and Storage of Brains increase in the Kv is observed in patients who have been

As can be seen from Table 1, the brains of schizophrenics treated with neuroleptics before death. This change has
and controls were closely matched for the times between been replicated in animal experiments. It has the effect
death and arrival in the morgue and death to postmortem that at low ligand concentrations there is an apparent
examination. In the previous study," there was a signifi- decrease of receptor numbers that is due to competitive
cantly (P < .001) longer time from death to postmortem inhibition by residual neuroleptics. However, no change is
examination in the brains of schizophrenics (34.9 hours) as observed in Bin,= values obtained from a saturation analy-
compared with the brains of controls (13.0 hours), and the sis.
time from death to morgue was nonsignificantly longer for In the present experiments, an increase in the Kv for
the schizophrenics (3.1 hours) compared with the controls LSD was observed following chlorpromazine administra-
(1.3 hours). Whether these differences are relevant to the Lion in experiments on rats. That residual neuroleptic could
discrepancies in the findings is not clear since no systemat- account for the previous observation of low tritiated LSD
ic data on the decay of tritiated LSD in human brain at binding in the brain of schizophrenics is suggested by the
room temperature or at 4 °C are available, although a slow facts that (1) in these authors' data there was a trend
decrease in high-affinity 5-HT binding at 22 °C has been toward tritiated LSD binding values being lower in drug-
describedin the rat." treated than in non-drug-treatedpatients,"(Table5) and
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(2) the differences observed between patients and controls unlikely to reflect a change in numbers of 5-HT receptors.
were greater when lower concentrations of tritiated LSD In their own study, tritiated 5-HT binding was unchanged
were used (ie, 2aM in studies 2 and 3 in contrast to 4aM in in frontal cortex in schizophrenia, and in a report on the
study 1). The authors claim that the wasbing procedure brain samples included in the present study, both tritiated
they adopted would have eliminated the effects of residual 5-HT and tritiated LSD binding were found unchanged in
neuroleptic drug, but this does not answer this point since corpus striatum: _
it has been found that repeated washings do not readily In brains of patients who probably had not received
eliminate the effects of residual neuroleptic drug/ neuroleptic medication for the year before death, a signif-

However, against the view that the previously reported icant increase (P < .01) in cortical tritiated D-LSD binding
reduction in tritiated LSD binding in the brain of schizo- was observed. However, in view of the small sample size
phrenics is entirely attributable to effects of neuroleptic (N = 5) and the fact that an increase in Bm_, was not found
drugs are two findings. First, the authors reported a in medicated schizophrenics, this may be a chance finding.
significant reduction in six patients who apparently had If replicable and related to the disease process, that
been drug-free before death (although premortem drug increase in tritiated LSD binding in the brain of schizo-
treatment is not always readily established). Second, in the phrenics should also not necessarily be interpreted as an
present study, the Kn was not increased in patients who increase in numbers of 5-HT receptors. LSD also binds to
were taking neuroleptic drugs by comparison either with dopaminergic and, to a lesser extent, a-adrenergic and
controls or with a group of five patients who apparently histaminergic receptors in cortex. Further studies of these
were drug-free for the year before death. Thus, the effects receptors in frontal cortex and other areas of the brain of
of neuroleptic drugs on tritiated LSD binding may not be schizophrenics are indicated.
as straightforward as was just suggested.

Whatever the explanation of the decrease in tritiated The nonradioactive o-LSD was donated by Sandoz Pharmaceuticals,
LSD binding observed by Bennett et al: this seems Hanover, NJ.

References

1. MullerP, Seeman P:Brainneurotransmitterreceptorsafter long-term physiologicalresponseof serotonergicneurons.Fed Proc 1974;33:256,
haloperido|"Dopamine,aeetyleholine,serotonin,L-noradrenergieand nalox- 10. Bennett JP, Snyder SH: Stereo_specificbinding of _lysergie acid
one receptors.L_feSci 1977;21:1751-1758. diethylamlde(LSD) to brain membranes:Relationshipto serotoninrecep-

2. Nagy JL,Lee T,Seeman P, et al: Directevidencefor pre-synaptieand tom. Brain Res 1975;_:523-544.
post-synaptic dopaminereceptorsin brain.Nature 1978;274:278-281. 11. WhitakerPM,Seeman P: Selectivelabelling of serotoninreceptorsby

3. Enna SJ, Bird ED, BennettJP, etah Huntington'schorea:Changesin D-:'H-lysergieacid diethylamide in calf caudate. PrewNatl Acad Sci USA
neurotranamitter receptors in the brain. N Engl J Mcd 1976;297:1305- 1978;75:5783-5787.
1309. 12. WingJK,CooperJE, SartoriusN:The Description and Classification

4. Lee T, Seeman P, Tourtellotte WW,et aL Binding of :'H-neuroleptics of Psychiatric Symptoms. New York, Cambridge University Press, 1974.
and _H-apomorphinein schizophrenicbrains. Nature 1978;274:897-900. 13. Feighner JP, RobinsE, GuzeSB, et al: Diagnosticcriteriafor use in

$. Owen F, Cross AJ, Crow TJ, et al: Increased dopamine-receptor psychiatricresearch.Arch Gen Psychiatry 1972;26:57-63.
sensitivity in schizophrenia.Lancet 1978;2:223-226. 14.Scatchard G:The attractionsof proteinsforsmallmoleculesandions.

& MackayAVP,DableA, BirdED, at al: _H-spipe_nebinding in normal Ann NY Acad &'i 194_;51:6B0-672.
and schizophrenicpost-mortemhumanbrain.Life Scl 1978;28:527-532. 15. Weiner N, Martin C, Wesemann W, et ah _lffectof postmortem

7. OwenF, CrossAJ, PoulterM, et ah Change in the characteristics of storage and uptake in mammalian brain. J Neared Traasm 1979;46:2.53-
_H-spiperonebindingto rat striatal membranesafter acute cblorpromazine 262.
administration: Effects of buffer washing of membranes. Life Sci 16. Shih JC, YoungH: The alterationof serotonin bindingsites in aged
1979;25:385-390. human brain.Life Sci 1978;23:1441-1448.

8. BennettJP, EnnaSJ, BylundDB,et al: Neurotrensmitterreceptors in 17.Owen F, Cross AJ, CrowTJ, et al: Neurotransmitter receptors in
frontalcortexof schizophrenics.Arch Gsn Psychiatry 1979;36:927-934. brain in schizophrenia.Acta Psychiatr Scaad Suppl, to be published.

9. Bennett JP, AghajanianGK:Stereospecificbinding of n-LSD and

2B0 Arch Gen Psychiatry--Vot 38, March 1981 Tritiated LSD Binding--Whitaker et al


