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Bimodal Distribution of Dopamine Receptor Densities in

Brains of Schizophrenics

Abstract. The dopamine hypothesis of schizophrenia was examined by measuring
the density of dopamine receptors in the postmortem brains of 81 control subjects
and 59 schizophrenics from four different countries. The densities of dopamine
receptors in the tissues from the schizophrenic patients had a bimodal distribution in
the caudate nucleus, putamen, and nucleus accumbens. One mode occurred 25
percent above the control density, and a second mode occurred at a density 2.3 times
that of the control density for all three regions. Although almost all the patients had
been medicated with neuroleptics, the two modes had the same dissociation constant
for the labeled ligand used, suggesting that the neuroleptic doses were similar for the
two populations of schizophrenics. The results thus provide direct evidence for two

distinct categories of schizophrenia.

The most consistent neurochemical
finding relating to schizophrenia has
been an increased density of dopamine
receptors in postmortem brain tissue
from schizophrenic patients (7). Al-
though this finding has been generally
confirmed (2), a few early reports were
unable to reproduce it (3); subsequent
research has revealed elevated densities
of dopamine receptors in the brain tis-
sues of schizophrenics treated with neu-
roleptics (4). These elevations are selec-
tive for type D, dopamine receptors (la-
beled by tritiated neuroleptics), no
changes being detected in the D, or Dj
dopaminergic sites or other neurotrans-
mitter receptors (5). Although neurolep-
tic treatment seems to elevate receptor
density (4), brain tissues from neurolep-
tic-free schizophrenics can occasionally
show markedly elevated densities (7).
Thus, to obtain further data on the rela-
tive effects of illness and neuroleptic
medication on these changes, we studied
a new series of tissues under improved
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experimental conditions. We now report
a bimodal distribution in the elevated
densities of striatal dopamine receptors
of neuroleptic-treated patients.

The dopamine receptors were mea-
sured by modifications of previous meth-
ods (6), with a final concentration of less
than 1 mg of original tissue per final
milliliter of incubate. Table 1 summa-
rizes the results. We analyzed tissue
from 71 controls for the caudate nucleus,
56 for the putamen, and 47 for the nucle-
us accumbens. Some control subjects
had received neuroleptics before death.
For example, three of the Toronto sub-
jects with Alzheimer’s disease had re-
ceived neuroleptics (40 mg of triflupera-
zine per day for over a year; 2 mg of
haloperidol per day for 2 years; the third
individual, an unknown amount of neu-
roleptics). One Los Angeles subject
(control, diagnosis of drug abuse) had
received perphenazine (16 mg per day)
for at least 2 months. The densities of D,
dopamine receptors for these subjects,

however, were within normal limits. Al-
most all of the schizophrenic patients
had been treated with neuroleptics (Ta-
ble 1). Although 15 schizophrenic pa-
tients had not received neuroleptics in
the last month, we considered only those
patients who had been off neuroleptics
for at least 6 months as being truly drug-
free. When such information was uncer-
tain, we assumed that the patient had
taken neuroleptics.

Figure 1 indicates the bimodal pattern
of the dopamine receptor densities of
schizophrenics. The two caudate modes
were about 13 and 127 percent higher
than the control mode. Table 2 summa-
rizes the data. The distribution of the
control values for the caudate nucleus
was not statistically significantly differ-
ent from a normal distribution [x*(6) =
4.13, P = 0.5]. For schizophrenics, how-
ever, caudate values differed significant-
ly from a single normal distribution
[x%6) = 11.6, P = 0.05].

The distribution of densities in the
control putamens did not statistically dif-
fer significantly from a normal distribu-
tion [x*(6) = 5.46, P = 0.5]. The puta-
mens from schizophrenics had modes
that were 39 and 154 percent above that
of the control mode (Fig. 1), a distribu-
tion that was statistically different from a
single normal distribution [x*(7) = 14.86,
P < 0.05].

The control values for the nucleus
accumbens were not statistically signifi-
cantly different from a normal distribu-
tion [x%(6) = 2.8, P = 0.8]. The distribu-
tion of values for the schizophrenic ac-
cumbens tissues exhibited modes that
exceeded the control mode by 25 and 102
percent and thus differed significantly
from a single normal distribution [x2(8)
= 13.41, P = 0.05].

The lower modes for the tissues from
schizophrenics were thus elevated from
13 to 39 percent (mean, 26 percent)
above the control values. This elevation
is within the range seen in rat striatum
after long-term administration of neuro-
leptics, namely between 10 and 50 per-
cent (7). It is possible, therefore, that
this low-density mode represents a popu-
lation of D, receptors that is normal but
that has been elevated by the long-term
administration of neuroleptics during the
patient’s illness.

The higher modes of 23 to 25 pmol/g
(in the schizophrenic patients) represent
about a 2.3-fold increase in receptor den-
sity relative to the control value.

The two modes of brain dopamine
receptor densities reported here in
schizophrenic patients are consistent
with, but not necessarily synonymous
with, the two-syndrome concept of
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Fig. 1. Distribution of dopamine receptor densities in caudate nucleus, putamen, and nucleus accumbens tissues from control and schizophrenic
patients. Each small rectangle indicates one sample of brain tissue. The stippled rectangles indicate patients that had been treated with
neuroleptics; the white rectangles indicate that the subjects either never took neuroleptics or had not been taking them for at least 6 months
before death.

Table 2. Mean dopamine receptor densities from control tissues and tissues from schizophren-

r ptor d roleptics would result in a bimodal distri-
ics. Standard deviations are given in parentheses.

bution of elevated dopamine receptor

Caudate Putamen Accumbens densities. And if the high-density sub-

Group - - - group rgpresents a genetically different

(D fl?(fll/tgy) n (Dp g’;l'/tgy) n (ng’;btgy) n  population, one might expect to observe

P a bimodal distribution of schizophrenic

Control 11.3 3.1) 71 12.7 (3.4) 56 11.0 (2.34) 47 dopamine receptor densities in other tis-
Schizophrenic 18.8 (7.3) 52 21.8 (9.85) 50 19 (6.4) 32

schizophrenia suggested by Crow (8).
The high-density mode might represent
Crow’s type 1 syndrome of hallucina-
tions and delusions associated with acute
schizophrenia. The situation cannot be
so simple, however, since acute schizo-
phrenia tends to be diagnosed in patients
younger than 40 years, whereas the pa-
tient ages within the high-density group
ranged from 20 to 77 years. The low-
density subgroup might be related to
those schizophrenic patients exhibiting
ventricular enlargement (8, 9).

The clinical records and summaries
available to us in this study were not
suficiently detailed for us to try to relate
the low- or high-density groups to the
presence or absence of tardive dyskine-
sia.

It is conceivable that the long-term
neuroleptic treatment could have result-
ed in the observed bimodal distribution
of receptor densities. Although the neu-
roleptic doses and durations were diffi-
cult to obtain and document, there is no
reason to suppose that the low- and high-
density subgroups of patients had re-
ceived different neuroleptic doses. The
residual presence of neuroleptic (admin-
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istered before death) is reflected in an
elevated value for the K4 of [*H]spiper-
one, but-the density (B.x) Was unaffect-
ed. For example, the presence of 10 nM
haloperidol as a final concentration in
the incubate caused the K, of [*H]spiper-
one to change from 76 to 580 pM, where-
as the density remained constant at 12.5
pmol/g (human putamen, not shown).
The Ky values for the lower and higher
density modes in the tissues from schizo-
phrenic patients, howeveér, were not sig-
nificantly different, suggesting that the
two modes were not a result of radically
different doses of neuroleptics. For ex-
ample, the K4 values of the two modes
for the accumbens tissues from schizo-
phrenics were 136 = 25 pM (n = 4) and
143 = 18 pM (n = 8) (mean * standard
error of the mean), calculated after the
omission of a singularly high value of 676
pM for one patient. Likewise, the Ky
values for the two modes of the schizo-
phrenic putamens were 116 + 13 pM
(n = 12) and 124 = 9 pM (n = 10), cal-
culated after omitting two extremely
high K values of 460 and 249 pM.

It remains to be established experi-
mentally, in rats, whether long-term neu-

sues (/0).
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Siblicidal Aggression and Resource Monopolization in Birds

Abstract. In Texas, great egret Casmerodius albus chicks attack younger nest-
mates, often fatally (siblicide). By contrast, the young of neighboring great blue
herons Ardea herodias seldom strike or kill siblings. These interspecific differences
seem related to prey size: only fish provided by egret parents are small enough for
chicks to monopolize (a process facilitated by aggression). Experimentally cross-
fostered heron chicks raised on small prey by egret parents became siblicidal, but the
reverse procedure of cross-fostering egret chicks did not reduce aggression or

siblicide.

Siblicide, fatal aggression among sib-
lings (I, 2), is a taxonomically wide-
spread phenomenon that can occur pre-
natally (3) or postnatally (4). Because it
involves the killing of close kin, inclusive
fitness theory predicts that siblicide
would evolve only when the principal’s
own survival is seriously jeopardized.
Although such risk could be expected
when critical resources are currently or
prospectively inadequate for all brood-
mates to survive (5), little is known
about the way in which such resources
affect sibling aggression. I have pro-
posed that the degree to which small
food (6) can be monopolized profitably is
an important ecological determinant of
sibling aggression and, therefore, of sib-
licide (7). I now partially confirm this
prey size hypothesis by a cross-fostering
experiment involving two species of co-
lonial Ardeidae (Aves, Ciconiiformes).

I studied great egrets (Casmerodius
albus) and great blue herons (Ardea he-

rodias) on three islands in Lavaca Bay,
Texas (30°39'N, 96°34'W) during the
summers of 1979, 1980, 1981, and 1982.
Both species are piscivorous and monog-
amous, with males and females sharing
all aspects of parental care. Incubation
typically begins after the first egg is laid,
so the 1- to 2-day interval between the
laying of successive eggs produces com-
parable hatching intervals. Both species
frequently experience brood reduction,
but the demise of the youngest chick is
effected differently between species.
Whereas siblicide is the apparent cause
of death in many, perhaps most, egret
brood reductions, it was significantly
rarer in heron nests (8).

During the first month, aggression in
egret broods is on the average 18 times
higher than aggression in heron broods,
most of which do not fight at all (Table
1). Egret nestmates quickly form stable,
age-dependent dominance hierarchies
that confer distinct feeding advantages to

Table 1. Fighting rates of broods (three and four chicks) of great egrets and great blue herons in
Texas. All data are from the first 25 days after the completion of hatching and are expressed as

means * | standard deviation.

Natural broods

Foster broods*

Brood size Broods Fighting Broods Fighting
(No.) ratest (No.) ratest

Great egrets

Three chicks 9 1.46 = 1.32 1.09 = 1.11

Four chicks 2 1.42 = 0.16 1 0.69

Pooled 11 1.45 + 1.22 10 1.05 = 1.05
Great blue herons

Three chicks 4 0.08 = 0.17 7 1.51 = 0.75

Four chicks 9 0.08 = 0.14 2 0.38 = 0.29

Pooled 13 0.08 = 0.14 9 1.26 = 0.83

*Egret chicks raised by heron adults and heron chicks raised by egret adults (see text).

tFighting rates

were standardized across brood sizes by F/N4/N,, where F, is the total fights, Ny is the number of possible
dyads, and N, is the number of days recorded. The number of possible dyads varies with brood size: three-
chick broods have three possible dyads, and four-chick broods have six. Fighting rates between species show
significant differences [P < 0.001, analysis of variance (ANOVA) with Scheffé test]. Rates between brood
sizes within each species were not significantly different (/7).
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