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, Table 1.--Neurotransmitter Receptor Binding and Glutamic Acid L)ecarboxylase,
ii i

Plychoootlx, e Death to Morgue to Freezer to
No. Age Sex Subtype MedlcMton, mg/Oay Ceuleof Dio|h Morgue, hr Aufopsy, hr 8forage, mo

1 48 M WMD None Fag 4 t 7 36

2 22 M Wt4O None Drowning 1 8 36

3 30 M WMD None Gunshot 1 9 36

4 22 M WMD None Gunshot 1 18 12 .

_ 5 51 M WMD None Myocardial infarction t 7 , 36
6 33 M WMD None Stroke 1 I 36

7 25 M WMD None Gunshot 2 14 36

8 62 M WMD None Fail 1 14 36,,. ,,,,

9 73 F WMD None P,jlmonary edema 2 36 39

10 65 M WMD None Pulmonary embolism 1 , 2 36
11 63 M WMD None Gunshot 1 33 24

12 12 M WMD None Gunshot 1 17 36

:.'.-- .-.42.2"*'|.0 32:1:1

13 84 F Ch Undiff None Sepsis 1 34 36

14 25 M Paranoid CPZ, 450 Fall 7 2 24

1S 77 F Paranoid None Pneumonia 1 27 36

16 32 M Ch Undiff THDZ, 400; FLU, 6 Fall 1 68 36u
17 _- 33 M Paranoid None Gunshot 1 43 36

18" 65 M Ch Undiff CPZ. 800 Myocardial infarction 1 51 36

- 19 66 F Ch _,;diff CPZ, 600; PRO, 20 Diarrhea; emesis 1 46 36

20 28 M ParanoidNone Fall 1 22 36

21 24 M Ch Ur,diff THDZ, 600; HAL. 10; Suffocation 2 12 37
CPZ. 300;, DZP, 10;
IMI, 25; PRO, 1S

22 51 M Paranoid None Malignant melanoma 1 36 37

23 86 F Paranoid 3§ Cardiovascular Coi!m___n*P 1 4 38

24 84 F Paranoid . None Diabetic acidosis; S 38 38
pulmonary edema

Mean 57.1 ¢7.6 31"*'4

"All values are given as mean+SEM. Tritiurn-ligand concentrations in the incubation r_edia were trltium-3 qulnuclidinyl benzilate, I nM; tritium-
lerotonin. 8nM; tritium-LSD. 4 nM; tritium.i, -aminob_yric acid. 8riM. Tl_ium-3 qulnuclidinyf benzilate was used at a concentration exceeding
its KD ° because of the relatively low sDeclfic activity of the available supply. The Iowe¢ levela of tritium-cluinuclidinyl benzilate binding compared
to earlier findings _1might reflect the longer storage Ot the present brain samoies.

tl_NB indicates 3-¢luinuclidinyl benzilate; sifT. serotonin; GABA. }, -aminobut_'ic acid; GAD. glutami¢ acid decarboxylase activity (nmole carbon
diox=de/mg protein/h); CPZ. ¢hlorpromazine hydrochloride; THDZ. th|oridazine hydr(_hloride; HAL, haloperidof; FLU, fluphenaztne hydroChloride;
DZP. diazepam: IMI. frail)famine hydrochloride; PRO, i_rocyclidine hjdrochloride.

:l_ignifm.,antly lower than control (P<:.O5).
_'hese received a combination of dihydrom'gocornine melylate, d_hydroergocriattne melylefe, and dihydroer0okryptina melr/lefe (Hydergine).

i

I Table 2.--Neurotransmitter Receptor Binding, Study 2"

i illl

Psycholctlve DeathtO Morgueto Freezer
No. Age Sex Sul_yl_ Medication, rag/Day Cause Of [Ninth Morgue, hr Autopsy, hr 8torage,,nto
4 D 40 ",I WMD ETOH Gunshot 1 9 24

"- '0G 66 M WMD ETOH Heart failure 2.S .S 24

10 F 49 M WMD None Acute gastrointestinal 2.S 8 20
bleeding

37_2 22 M WMD ETOH . Drowning 1 8 6
10 A 20 M WMD Narcotics, Gunshot .5 15.5 33

ETOH

36/2 22 M WMD None Gunshot to face 1.5 14 35

26/I 51 M WMD None Heart failure .5 7 36

19/1 33 M WMD None Heart failure 1 1 36

33/2 22 M WMD None Gunshot 1 18 36

Mean 36.1 ¢1.8 24=1:3

4 F 71 F Paranoid None Pneumonia 1 4.S 19

11E 54 M Paranoid THDZ.ETOH Uremia 24-36 16 22

10C 104 F Paranoid Digoxin. Keflex Pneumonia I 17.S 21

I 1 L 78 M Het_BDhrenic None Heart failure .5 89 24

25/1 84 M Undiff THDZ. 100 Pulmonar,/,ederna 1 30 36
Mean 75.2¢8.2 =-" -_[F;a;a

• All values are given as mt,an:l:SEM. Ugand concentrMionl In the Jn_ubMion media were mll-hydroxybe_l_ndolol, 20 pM; Idtlum-dJhy_r_¢,;-
grendolol. 1riM: tr_tlum-LSD, 2riM; tritiumdlerotonin, 5riM.

•tHYP indicates hydroxybenzylDcndoioi; DHA. dihd¢:k'Oall_'endoiol; 6HT. aefoto_kl; _tMD, withouI nlerltlll disease; ETOH, ethyl alcohol; THDZ,
thioridazine hydrnchloride.

:l:Slgnificantly d_fererd from Control (P<:.S).
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Study1 determine GABA receptors" and the binding of tritium-LSD (16
to 26 Ci/mmole)'" and tritium-SliT ,_(13 Ci/mmele) were measured

R_'4k3{o¢ k_el_l BIMIIIqL ftno_/_ PmlM* to monitor 5HT receptors. The ratio of total to nonspecifie binding
levels in brains from controls was 8:12 for tritium-QNB, 5:8 forTritium-QNBt "('Ilium-SliT"hlUum-LSO"iY#Ium-GABAGAD
tritium-DHA. 7:10 for '_I-HYP, 1.5:3.0 for tritium-GABA. 4:7 for

388 109 160 126 9 tritium-LSD, and 2:3 for tritium-5HT. Previous studies have
077 96 261 82 ... shown that these binding agents selectively label the appropriate
464 39 130 as 9 receptor in human brain membranes." Samples of each suspension
677 SS 165 62 ... were also assayed/or protein."
671 40 75 let r Each sample was analyzed in triplicate and the significance of
475 120 141 56 13 the difference between groups was analyzed using the nonpanv
57_. 153 157 77 18 metric Mann-Whitney U test. Rank correlations were calculated
546 70 8,5 139 12 using the Spearman correlation analysis.
582 04 97 187 6

481 98 103 36 22 RESULTS
489 98 104, 118 14
s2s 0_ 113 10o lS Receptor binding levels observed here in normal frontal

$69±36 66.6±l.| 1_±1| 103±13 lz.6±z cerebral cortex (Tables l, 2, 3) are essentially the same as
... 96 ......... previously detected in monkey and rat brain tissue as well
067 70 108 115 0 as in other human postmortem brains,' ........... : suggesting
34r , 12 46 1_ ... the absence of major postmortem changes. Moreover, no
180 _ 36 24 134 S correlation could be detected between the inter':al between

444 59 110 e_ le death and freezing of the brain or between freezing of the '
616 13e 11o 76 6 brain and assay of receptor binding for any of the reeep-200 05 43 101 4

ton studied, with Spearman correlation coefficients yield-5._ 130 _13 5z 10
296 06 76 103 13 ing P > .4 for all comparisons.

Three separate groups of patients and controls were
studied sequentially. The second and third studies were

470 91 101 t5 lo conducted to replicate results obtained wlth the first570 69 75 87 26

600 123 116 55 IS group.

44o±4e I,;±lt e4_:lot ..... U.'L'0 tz:t::t Study i

Using the Mann-Whitney test, no significant differ-
enees between brains from schizophrenics and brains from
controls were apparent for the activity of GAD or levels of
GABA, muscarinic cholinergie, or tritium-SliT receptor
binding (Table I). Tritium-LSD binding levels, however,

were.significantly reduced in brains from schizophrenics
by 36% (P < .05).

Some of the schizophrenic patients had received substan-
tial doses of neuroleptic drugs. These, in vitro, can inhibit

nemmtor Lq_nd reno'S, m_eln_ I_ot_n tritium-LSD binding associated with 5HT receptor"-"
(Table I). If the reduction in levels of tritium-LSD binding

im-HYPt" TrRturn-ONA 11"Itlun_LSO Tdtlum-eHT in brain from schizophrenics was attributable to such12.1 96 111.4 113.0

14.4 74 76.5 86.6 drugs, extensiva washing should tend to remove the drugs
12.4 64 rs.e 153.o and elevate the lowered binding levels. Accordingly, three

cerebral cortex samples from schizophrenics with the
10.9 85 S9.2 .-- lowest LSD binding levels and three samples of brain from
8.0 43 57.5 42.1 schizophrenics with LSD binding levels in the normal

7.9 48 64.2 50.1 range were preincubated and washed to remove mem-
6.4 42 57.3 19.3 brans-bound drugs. However, no augmentation in. LSD
8.7 47 28.0 as.5 binding levels were detectable after the _mplcs were
0.o 3s rl.S 2o.r subjected to an additional ten-minute preincubation at 37

e.s±o.e s6.r±r.s u.2±z.$ u.t±_u °C and subjected to two additional washes over and above
9.1 66 14.5 10.3 the standard procedure.

10.6 e0 lS.S 63.3 Most of the brain's drug content should be released into
lS.O r7 46.3 r5.s the supernatant fluid during homogenization and mem-
0.I se 62.6 63.6 brane preparation. If drugs in subjects' brains accounted

14.6 69 35.4 _s.o for reduced levels of tritium-LSD binding, supernatant
tl.s±l.z u.0±=.4 _sxT.tt, _.s preparations from such brains should inhibit tritium-LSD

binding to animal brain membranes.
Supernatant fractions from brains of schizophrenics and

- brains of controls were added to incubations containing rat
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forebrain membranes, which were then assayed for
tritium-LSD binding associated with 5HT receptors (Table

4). The supervatant from only one schizophrenic patient _rc_l_
(19) reduced level of tritium-LSD binding to rat brain ModloaUoa Oauseo_
membranes. This find;rig, as well as the studies of addi- No. Age Sex $ut_y_ mg/l:_y Death
tional membrane washings, suggests that the reduced t zs F WMO None CerebralHemorrhage

levels of tritium-LSD binding in brain from schizophrenics 2 ss M WMD None PulmonaryT

cannot be attributed solely to drugs ingested and still embolism
pre._ent in the subjects. Mo-eover, although LSD binding in a sa M WMD None Gunshottoneck

drug-treated schizophrenics is somewhat lower than in 4 so M WMD None Gunshotto
schizophrenics not receiving drugs, the reduction is not chest
statistically significant (Table 5). 5 50 M WMD None Internal

hemorrhage

Tritium-QNB binding levels a._sociated with muscarinic s 33 M ;IMD None Pneumonia
cholinergic re_pto.,'s were reduced somewhat !n brains 7 42 M WMD ETOH Pneumonia
from schizophrenics, though the decrement was not statis- s e9 F WMD None Overdose
tically significant (Table 1). Two of the patients had 9 l z M WMD None Gunshotto
received the potent antieholinergie agent procyclidine, chest
whereas another two received thioridazine hydrochloride, a Io 42 M V'MD ETOH Pneumonia
phenothiazine with substantial central anticholinergie M_n_I.S±|.tt! 3_ M Ch Undiff THDZ, 100; Mul!ipi'e
activity. To ascertain whether reduced levels of QNB FLU. SO; fractures
binding might be associated with drug treatment, the Insulin fromjumD
influence of supernatant preparations from all brains on 12 ss F ChUndiffCPZ,200; CardiacKemadrin. 5 arrest

tritium-QNB [_nding to muscarinic receptors of rat fore- 13 24 M ChUndiffCPX,100; Suffocation
_ "in was determined (Table 4). Substantial reduction of THDZ.200;

HAL. 5;
,. els of binding was observed for brain from three DZP,5
schizophrenic subjects, two of whom had received procy- 14 as F ChUndiff None Undetermined
clidine whereas the third had reoeived treatment with M_nSS.S±U

thioridazine. Rat brain QNB binding values for brain
supernatants from these three subjects (16, 19, 21} were,

respectively, 787, 71%, and 79% of control rat brain musca- tritium-DHA binding (Table 3). Confirming results of the
i'inie receptor binding (Table 4). Since these are the three f rst two studies, levels of tritium-LSD binding in cerebral
lowest QNB binding values of the schizophrenic group, the cortex from schizophrenics was only 50%of that of samples
tendency for reduced levels of QNB binding in schizo- from controls (P< .05). Also, as observed before, levels of
phrenic brain is probably attributable W the presence in tritium-DHA binding did not differ between brain from
the._ subjects of anticholinergie reed!cation, schizophrenics and from controls. Tritium-QNB binding

levels were lower in brain from schizophrenics than in
Study 2 brain from controls, a difference that was statistically

To determine whether the findings in the initial experi- significant (P < .05).
ments were replicable, we obtained a second group of As in study 1, we attempted to ascertain whether drugs
brains from five schizophrenic and ten control subjects or other substances in supernatant fractions of the brains
(Table 2). In frontal cerebral cortex specimens, levels of from schizophrenics could account for the reduced tritium-
LSD binding were reduced by .50% (P < .05), confirming LSD and tritium-QNB binding. Unlike findings in study 1,
findings in the initial group of brains. Tr_tium-LSD bind- superr.atant fractions from cerebral cortex of schizophren-
ing levels in brain from controls in this study were lower ics in study 3 did not inhibit rat brain tritium-QNB

binding. Only one of the four supernatant fractions for
m in study 1, conducted several months earlier. We are brain from schizophrenics inhibited tritium-LSD bi,tding

unaware of what factors may have accounted for this and the reduction was about 25%.

discrepancy. The duration of brain storage and character- Studies in rat and monkey brain indicated that 5HT and
istics of the tritium-LSD preparation seemed the same in LSD both bind to postsynaptie 5HT receptors. '_'' However,
the two studies. Again, no changes were demonstrable in differences in drug specificity indicate that they label
binding of tritium-5HT. In this group, fl-noradrenergic
receptors were assayed by measuring the levels of binding distinct populations of 5HT receptors or separate states of

" one interconverting receptor ..... (S. J. Peroutka, I_ID, ar.d
of the//-antagonists '::'I-HYP and tritium-DHA. No Hgnif-
leant difference was detected between the levels of bind- S.H. Snyder, MD, unpublished data, October 1978). Such

ing of these fl-adrenergic receptor ligands in specimens differences could explain the lack of reduction of levels of
from schizophrenics and from controls. 5HT binding in the brains from schizophrenics in spite of

the significant lowering of levels of LSD binding in these

Study 3 subjects. To ascertain whether binding of 5HT and LSD as
well as other neurotransmitter receptor ligands might be

To further replicate the results of the first two studies, a mutually related, Spearman correlation coefficients were
third group of brains from l_our sehi ,,ophrenics and ten computed for the various binding and enzymatic activities.
controls were assayed for tritium-LS[, tritium-QNB, and The only correlations that attain statistical significance for
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Table3.--Neurotransmitter ReceptorBinding,Study3" J

t
Effectot BrainSup,_,_,alsnt

RecelllorLIpM elndlnu,fm_/mg I_oqleln11ntlumUuIIndBlndins, %Control
Dqmthto Morgue1o Freezer

Mor'J'_m_,I!¢ A._.n,__y,hr Storage.me TdlJum-LSD 1HIlum-ONB+ TrlUum-DHA "hltlum-ONO 'lrrl_um-LSD
2.75 1.75 6 11.7 ... 13.1 -"90 :>90

1 2 36 38.9 478 23.1 >90 >90

1 9.5 36 28.0 490 19.0 :>90 >90

1 19 24 57.0 447 22.2 >90 :>90

.25 1 12 43.8 483 19.0 :>90 :::'90

: 2 19 18 66.3 364 21.:- ::>90 86
.5 18 1 55.4 313 23.0 :>90 :>90

2 11 1 85,0 485 20.8 :::>90 ::>90
1 5.5 I 125.0 659 32.9 :>90 :>90

0.5 18 ... 75.8 527 30.0 :>90 >90
lS.0_1.11 $6.7"t1"6.1 471::1:32 _12.4::1:1.6

1 68 24 24.0 294 14.7 :>90 85

•7 46 24 24.0 259 14.8 :>90

2 12 36 45.5 362 19.7 >90 >90

5 2 6 2¢9 210 19.3 >90 75

23±6 _l.6±$.$_ 281"*'32_ 17.1:1:1.4 nl

"Valuesaregivenasmean+$EM.Ltgandconcentretlomlinthe incubationmedioweretritium-LaD.2nM;trltiur,_-3qu_nuclidinylbo_;;ite, 1riM;
tritiurn-dihydroalDronolol.0.4r.M.

"I'QNBindi,ates3-quinuclldinylbenzllate;DHA, dlhydroAll_renolol.WMD. withoutmentaldisease;ETOH. ethylI1¢otlol;THDZ,thioridazJne
hydrochlortde;FLU. fluphenaztnehydrochloride;CPZ, ehlocpromezinehydrochlorlde;CPX. chlorprothixenehydroch|oride;HAl..haloiDerldlol;
OZP.dlazepam;ChUndiff.chronicundifferentiated.

¢Themethodologyisthesameas inTable4.
§Significantlylowerthancontrol(P<:.S),

both schizophrenics and controls are between the binding schizophrenic groups (Fig 3). The correlation for study I
of tritium-5HT and tritium-LSD (Fig 1) (P < .01) and was -0.85 (P< .01) and for study 3 the correlation was

'":'I-HYP and tritium-DHA (Fig 2) (P < .01). This finding -0.90 (P < .01).
suggests that LSD and 5HT may to a certain extent label Could the decrease with age in tritium-LSD binding
the same or similar sites, confirming similar correlations levels explain the reduced levels it, brain from schizophren-

observed previously in brains from patients with Hunting- ics? Tbis seems unlikely for sex,._ral reasons. Whereas
ton's chorea and from other control human brains." schizophrenics were elder than controls in studies I and 2,
However, the fact that reductions were observed in levels they were younger in study 3. Yet, levels of tritium-LSD
of LSD but not of 5HT binding shews that the two ligands binding in brain from schizophrenics were reduced
tr "L in part, label different sites. These observations also compared to control values in study 3 to the same or
c_..,irm the conclusion that both "_I-HYP and tritium- greater extent as in studies I and 2. Moreover, whereas the
DHA label fl-adrenergic receptors, negative correlation of levels of tritium-LSD binding and

Relationships Between Biochemical and age was detected in control subjects, no such correlation
Demographic Features was apparent among schizophrenics. To analyze statistical-

ly whether the age-related change in levels of LSD binding
Many biochemical aspects of brain function change with might account at all for the decreased binding ob_r_'ed in

age. In this investigation, the mean age of the schizophren, schizophrenics, we eemputed the age-predicted levels of
ics was significantly higher than the mean age of controls tritium-LSD binding levels in controls and schizophrenics
in studies 1 and 2, whereas in study 3, the mean age of for study 1, since only in study I were there both an

controls was higher, age-related decline in LSD binding and a higher mean age
We examined the relationships of age to all the bioehem- for the schizophrenic population compared to the control

ica] measurements assayed in brains from both schizo- population. Tritium-LSD binding levels for controls and
phrenics and controls. No significant correlation was found schizophrenics still differ significantly after correcting for
between subject age and levels of tritium-QNB, tritium- the predicted i,'fluence of age on binding {Fig 3). Thi_
5HT, tritium-DHA, or ":I-HYP binding, or GAD activity, further supports the conclusion that age-related changes
In studies 1 and 3, tritium-LSD binding levels correlated are not responsible for the reduced tritium-LSD binding

negatively with age for the control groups but not for the levels observed in schizophreni_. The only other age-
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Table 4 --Effect of Brain Supematant on Rat Brain ¢ FrontalCortex,Study 1
Tritium-QNB_'and Tritium-LaD Binding, Study 1° _= Conpols Ill

, _: 200 Schizophrenics(o)

Binding°%et Conlrolt" _' y,, 0,76 x + |5, re. 74, P<,01 j
No. Trlnum-ONB _ltlum*LBO e

J1 100 96 _ 160

2 94 98 E
3 101 93

4 98 99 -c_ ]20 o • ..
s 98 98 _ o°._ "

rn

6 102 100 "_ 807 92 92 o

8 93 100

S 93 leo U)E 40
10 95 100 =
11 94 104 i._ o

12 ...... 410 I I l I =13 95 _" 97 80 120 160 200 240

14 104 98 Tritmm-LSDBinding,fentamole,'mgProtein
15 101 98
16 76¢ 94 Fig 1 .--Correlation between tritium-LaD and tritium-bHT binding

to frontal cortex samples from study 1.
17 100 100

18 95 106
19 71:1: 67".1:
20 88 98 tritium-LSD binding levels were somewhat lower in the

i 21 79, 96 drug-treated than in drug-free patients, suggests that

22 97 94 drug treatment may have played some role in the reduced
23 93 94 binding. Chronic neurolepdc pretreatment of animals

24 95 98 might provide contributory information.
"3.-cluinuclidinylbenzilate. Whereas in the corpus striatum of calf brain tritium-+SuDernatants from human brain samples (equivalent to 100 mg

tissue) were added to standard rat brain tritium-LaD and tritium-QNB LSD can bind to dopamine as well as to 5HT receptors'" in
binding assays.Resultsare expressedas percent of control (no added
aupernatant} rat brain ligand binding. Patient numbers are slime Im the cerebral cortex of calf and rat brain, LSD binding

.inTablel. seems to be associated exclusively with 5HT receptors.
:l:Significantly different from control (P_-_.0t) in f test for samplea

assayed inQuadruplicate. Moreover, LSD binding to cerebral cortex membranes of

brains from both schizophrenics and controls was not

related change observed was a positive correlation between influenced by dopamine except at very high concentra-
tritium-GABA binding levels and age (Fig 4) (r =, .86, tions. Thus, tritium-LSD binding in human cerebral cortex
P< .01). seems to label sites with characteristics of 5HT recep-

tors.

COMMENT It seems unlikely that reduced tritium-LSD binding

In the present study, ligand binding associated with a levels are simply related to postmortem changes. There

number of neurotransmitter synaptic receptors was were no significant correlations between values for any

assayed in autopsied brains of schizophrenics and controls neurotransmitter receptor binding and the interval

in three independent populations. Only levels of LSD between death and arrival at the morgue (4 °C), arrival at

binding were consistently altered and were reduced 40% to the morgue and autopsy, or between freezing and the time

')'_ in samples from schizophrenics. The failure of addi- of assay. Age differences between groups also do not seem

_ional membrane washing to elevate these values and the to fully explain the tritium-LSD binding differences
lack of ;nfluence of supernatant fractions from schizo- between brain from controls and from schizophrenics. To

phrenic._gn tritium-LSD binding to rat brain membranes examine this more full)', the following statistical manipu-

suggest that the reduced levels of LSD binding in brains lations were performed: A two-way analysis of variance for

from schizophrenics is not primarily related to the presence independent, groups showed that there was a large differ-

of drags in the samples. However, the fact that in stu(]y 1, ence in tritium-LSD binding levels between controls and

Table 5.--Receptor Binding in Drug Treated and Nontreated Individuals, Study 1

Receptor Binding"
(fmolo/mg Pretain}

Type Trltlum-QNBt THIlum-SHT THtlum-LSO Trltlum-GABA
Schizophrenic, clrug treated 386±87(5) 87±16(5) 73±17(5) 106+---10(5)

Schizophrenic. no drug treatment 502-----40(6) 85±16(7) 93±11(6} 86¢15(6}

Total schizo;bhren;c oooulation 449±46(11 ) 85:t:11 (12) 84¢10:_-(11) 95:t:9(11 )

Cent tel 569 ±38(12) 89 :t: 10_12_ 132 "" 15_ 12 t 103 :t: 131121

"Values are the mean _--SEM of the number of determinations in parenthesis.

't'QNB indicates 3 auinuclidinyl benzilate; 5HT, seretonin; GABA. 7-amln_ acid.
¢S,gnificantly different fromcontrol values by the Mann Whitneytest. P<::.5.
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FrontalCutex,Study2 I Controls,FrontalCortex
_¢ .-= i Studyl(e)y- -1.40x +183, r- -.85, P<.01

20 Controls(e) / Study3(°)Y'-l'51x +126, r--.90, P<.01Schi.-_hreflics(o)

_- y=0,1| x +3.7, r..,72, P<,O| J 200_-

.oOJ e
12 o_,- ° o

_/,e •_ |2o

80>-

,.j O O__,_.O b

f E o o
" O

•_ 40
I I I I I i .

20 40 60 80 100 120
I I I i

Tritium-DHABinding,fentamole/mgProtein 210 3_3 40 50 6'0 70 80

Fig 2.--Correlatlon between levels of trltlum-dihydroelprenolol AgeatTimeof Death.yr

(tritium-OHA) and ('"i-HYP) binding to fronta! cortex samples Fig3.--Correlationbetweentrltium-L,_Dbindingleveeand age of
from study2. patientsfor control frontal cortex samples,studies 1 and 3. In

study2, there wasno correlationof tritium-LSDbindingandage
in control population. In all studies, there was no correlation

schizophrenics (F ,, 13.15, df = 1,45, P < .001) and across between subjectage and tritium-LSObindingfor schizophrenic
t _ three studies (F - 14.85, df - 2,45, P < .0001), indicat- populations.From regressionline for study 1. predicted mean
• _ that there was variation in the assay itsel," over control tritium-LaD binding is 124 = 29 (SO) (observed is
time. 132 +_51 [SD]). The age-predictedmean schizophrenictritium-

LgD binding is 103 _+37 (SD) (observed is 84 ± 33 {SD]). The
To control for variation between assays, the data was age-predictedschizophrenicbindingis still significantlydifferent

adjusted by means of Z transform. Using an independent from observed schizophrenic binding (t - 4.22. df ,, 20,
group t-test, the difference between controls and _hizo- p < .001).Thus,age-relateddecline in tritium-L_30binding found
phrenics remained highly significant (t [49] - 4.40; for controls in study 1 does not account for Iowlr tritlum-LSO
P < .0002). bindingfoundin older schizophrenicpopulation.

For all subjects, regression of age (X,) and time from

morgue to autopsy (X,) on levels of tritium-LSD binding Z I Controls.FrontalCocim

transform (Y) allowed us to derive the following ecjuation _ I StudyI y-2.02x +25. r-.OS. P<.Olusing a multiple linear regression: Y-0.9736-0.016 2o0
(X,)- 0.0101 (X=). The data adjusted with this formula __ _,t

using a two-tailed test remained highly significant _ • J
(t-2.65; P<.02) (Fig 5). The combined variance -_ 16o •
accounted for by these two factors was 16% of the total
variance. The reduced levels of tritium-LSD binding do not
seem to be fortuitous because they were replicated in three _ 12o
independent populations of controls and schizophrenics

over a two-year interval. _ 80 • ey
Although the drug specificity of both LSD and 5HT

binding to brain membranes suggests an association with _ _,f •
_tsynaptic 5HT receptors, the two sites differ in absolute :__ 40

a$nities for various drugs. In general, antagonists are
I I I I

more potent at LSD sites and 5HT at sites labeled by 2_0 30 ;O 50 " 60 70 80tritium-5HT.' .... These findings were consistent with a

labeling of two states of one interconvertible 5HT recep- Ageat Timeof Death.r"
tar" as proposed for opiate and dopamine receptors." Fig4.--Correlationbetween levelsof y.4lminobutyricacidtritium-
Recent findings favor a different interpretation. Tritium- GABA binding and age of patients for control frontal cortex
spiroperidol labels 5HT receptors in the cerebral cortexY '.:_ samples,study1.
Although both tritium-5HT and tritium-spiroperido] label
sites with the characteristics of 5HT receptors, recent dol than by t'ritium-SHT. Concentrations of unlabeled
studies show that the two legends bind to distinct and spiroperidol that occupy all the tritium-spiroperidol sites
noninterconverting receptors (S. J. Peroutka, MD, and fail to reduce the binding of tritium-5HT.
S. H. Snyder, MD, unpublished data, October 1978). These Several lines of evidence indicate that tritium-LSD
sites are distinct in the same sense that muscarinic and labels both the tritium-spiroperidol and the tritium-5HT

nicotinic cholinergic receptors or a- and fl-noradrenergic sites. The number of tritium°LSD sites equals the sum of
receptors are distinct. Spiroperidol has about 1,000-fold tritium-spiroperidoi and tritium-SHT sites in rat cerebral
greater affinity for the sites labeled by tritium-spiroperi- cortex (S. J. Peroutka, MD, and S. H. Snyder, MD, unpub-
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