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Dr. Stockmeier raised several important issues in the
studies of neuropsychiatricillness with postmortem ma-
terial. Most directly, he argued that changes reported
in 5-HT2 and 5-HT1a receptors in schizophrenics may
reflect an age effect rather than a disease effect (Joyce
etal. 1993). I am addressing a number of points in rebut-
tal. First, the regions reported to be affected are more
extensive than those described by Stockmeier in his let-
ter. It was observed that there was an increased num-
ber of 5-HT2 receptorsin the ventral striatum, posterior
cingulate, temporal cortex, and hippocampus of the
schizophrenic as compared to the control group. There
was also a marked elevation in the number of 5-HT up-
take sites in the ventral striatum, and their strio-
some/matrix organization was modified. In contrast,
there was a marked reduction in the number of sites
in frontal cortex, anterior cingulate, and posterior cin-
gulate. Increased numbers of 5-HT1a receptors were
found in the posterior cingulate, motor cortex, and hip-
pocampus. However, as suggested by Stockmeier,
reductions in the number of 5-HT: receptors in the
prefrontal cortex of schizophrenics reported by other
groups are likely to be real, and the issue was not ade-
quately addressed in the study by Joyce and associates
(1993). Decreased binding of [*H]ketanserin and
[*H]spiperone to 5-HT2 receptors in the prefrontal cor-
tex (Brodmann’s areas 9, 10) in schizophrenia have been
reported in three studies (Mita et al. 1986; Arora and
Meltzer 1991; Laruelle et al. 1993). The region analyzed
in the study by Joyce and associates (1993), area 9 within
the precentral gyrus, is not truly prefrontal cortex. The
changes that were found in the prefrontal cortex in simi-
lar material suggest a regionally specific effect of 5-HT>
receptor loss in the prefrontal cortex in schizophrenia
(Laruelle et al. 1993).

Second, there are no effects of age on 5-HT> recep-
tor numbers outside the prefrontal cortex. An age-effect
on binding of [*H]ketanserin or [*H]spiperone to 5-HT
receptors in the prefrontal cortex of controls has been
found (Marcusson et al. 1984; Cheetham et al. 1988;
Gross-Isseroff et al. 1990; Laruelle et al. 1993); however,
a lack of an age-effect for other regions of the cortex
(temporal, occipital) and the hippocampus has also been
demonstrated (Pazos et al. 1987b; Marcusson et al. 1984;
Cheetham et al. 1988; Gross-Isseroff et al. 1990; Laruelle
et al. 1993). No consistent age effects on 5-HT14 recep-
tor number have been reported. Binding of [*H]8-OH-
DPAT to 5-HT1a receptors has been reported to show
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an age-dependent reduction in some regions of the male
human brain, but no such age-dependent reduction was
found in the female brain (Dillon et al. 1991). Other
groups have reported no changes in 5-HT1a receptor
number with age (Pazos et al. 1987a), or only in the tem-
poral cortex of cases over 60 years of age (Middlemiss
et al. 1986). Nonetheless, age effects may contribute to
our reported alterations in schizophrenictissue, but our
analysis of the data comparing the younger (31 + 3.8
yrs, n = 4) to the older (61 + 12 yrs, n = 6) age
schizophrenic cases indicate otherwise. For example,
[CH]CN-IMI labeling of 5-HT uptake sites in Brod-
mann’s area 9 was 152 + 23 fmols/mg protein (mean
+ SD) for the controls (68 + 15 yrs, n = 8), 101 + 13
fmols/mg protein for the total schizophrenic group,
94 + 15fmols/mg protein for the younger schizophrenic
group, and 105 + 13 fmols/mg protein for the older age
schizophrenic group. Age effects are not found for
changes in 5-HT uptake sites in the frontal cortex (An-
dersson et al. 1992), and consistent decreases in 5-HT
uptake sites in prefrontal cortex of schizophrenics have
been found (Joyce et al. 1993; Laruelle et al. 1993). The
values for binding of [?H]8-OH-DPAT to 5-HT1a recep-
tors and ['®I]LSD to 5-HT: receptors in different
regions (no laminar analysis) are shown in Table 1. The
data show that both the older age and the younger age
groups of schizophrenics have similar qualitative
changes in receptor number. This age-independent
effect was also observed when beta-adrenergic recep-
tor subtypes in human postmortem brains were ana-
lyzed for the same regions in schizophrenics and in con-
trols (Joyce et al. 1992). This does not mean that there
are no age-related changesin the control group, but that
the alterations in the schizophrenic group are age-
independent. These specific patterns of modified recep-
tor number in schizophrenia may reflect neurodevelop-
mental alterations (Joyce 1993); thus, elevated numbers
of 5-HT1a and 5-HT: receptors in the hippocampus
may reflect compensatory events to an insult to the 5-HT
innervation to the cortex (Whitaker-Azmitia et al. 1990).
The evidence for reduced 5-HT uptake sites, located on
5-HT terminals, in the prefrontal cortex along with re-
duced numbers of 5-HT> receptors may evidence an in-
ability for compensatory events to occur in that region.

Third, I am not inferring that careful matching of
controls and disease-related cases should not be under-
taken. The results by Joyce and colleagues (1993) would
be further strengthened by having included a younger
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Table 1. Regional Effects on Binding of [*H]8-OH-DPAT to 5-HTia Receptors and ['ZI)LSD to 5-HT2 Receptors in
Age-Divided Schizophrenic Groups and the Control Groups

5-HT1a Receptor by Region’ 5-HT: Receptor by Region®

Schizophrenia Schizophrenia

Control Control
Region® Group Older Young Group Group Older Young Group
Area 9 112 + 29 116 + 21 108 + 17 86 + 14 232+ 8 282 +6 193 + 4 16.1 +3
Area 24 107 + 33 114 + 26 105 + 23 87 + 13 195 +7 234 +5 179 + 4 16.8 +3
Area 23 131 + 18 136 + 9 124 + 11 83 + 18 214 + 4 235+ 3 203 + 3 115 +2
Area 4 135 + 14 138 + 11 131 + 12 64 + 18 116 + 4 10.2 + 3 125 + 3 86+3
Area 1 133 + 36 130 + 31 141 + 29 113 + 9 89 +3 74 +3 93 +2 58 +2
Temporal 146 + 27 140 + 21 151 + 19 134 + 17 273 +5 215+ 3 351+3 16. +3
Ent Ctx 86 + 18 89 + 14 85 + 11 76 + 18 85+ 3 88 + 2 79 + 2 74 +2
CA1l 489 + 34 513 + 29 469 + 25 377 + 38 16.7 + 3 15.1 + 3 17.7 + 3 10.1 +2
DG 344 + 26 340 + 18 354 + 23 191 + 29 13.2 +2 142 + 3 125 + 3 6.9 +2
Sub 254 + 43 233 + 35 267 + 34 225 + 35 44 + 2 46 + 3 41+ 2 24 +2
Striatum 14 + 4 16 + 5 121 + 2 15+ 3 14.7 + 3 119 + 2 16.5 + 3 814+2

® Region, Area refers to Brodmann'’s areas of cortex.
! Units expressed as fmols/mg protein.

age, nonsuicide, control group; however, this would
not have addressed the potential error of comparing
young-age schizophrenics committing suicide with a
young, nonsuicide control group. We made a compar-
ison between the schizophrenic group (that included
suicide and nonsuicide case) and a nonschizophrenic
suicide group in a limited number of regions of the lim-
bic cortex and the hippocampus. Alterations in these
markers of the serotonergic system were different be-
tween groups. This supports that alterations of the
5-HT2 and 5-HTia receptors in the schizophrenic
group were relevant to the psychopathology of this dis-
ease and not due to suicide (Arango et al. 1990). Arora
and Meltzer (1991) also report the potential error as-
sociated with nonmatching between groups, in this
case, of sex. The sex difference in numbers of 5-HT>
receptors in the prefrontal cortex in the control group,
with the females higher (n = 5,255 + 66 fmols/mg pro-
tein) than the males (n = 6, 171 + 39 fmols/mg pro-
tein), provides the sources of differences between the
control group and the schizophrenic group (10 males,
1 female). The control female group is significantly
higher in numbers of 5-HT: receptors than the
schizophrenic males (F = 10.934, p = .0048); however,
the control male group is not different from the
schizophrenic males (F = 0.904, p = .3842). This points
to the importance in matching control cases with
schizophrenic cases on a number of characteristics. It
should be possible to develop research programs in-
corporating acquisition of postmortem tissues that
recognize the importance of matching control groups
and disease groups by a number of criteria. This would
include age, sex, postmortem interval, and race. It is
also important to recognize that it will not be possible
to match a number of other criteria that also appear im-
portant, including hospitalization period, drug history,

and education level. A program for clinico-pathologic
studies of schizophrenia has been introduced at the
University of Pennsylvania that allows for antemortem
assessment of drug history, diagnosis, hospitalization
record, and neuropsychological testing (Arnold et al.
1994b), as well as postmortem assessment of possible
accompanying neurodegenerativelesions (Arnold et al.
1994a); however, this does not address that different
sites of research will have characteristics for their
schizophrenic population that differ widely from other
research sites. Hence, the comparison of results across
research sites may continue to be limited.

The criticisms raised by Stockmeier do not dimin-
ish the relevance of the data published in Neuropsy-
chopharmacology (8:315-336). They have, however, pro-
vided a useful forum for the discussion of a number
of methodological issues that will be addressed in fu-
ture studies.

Jeffrey N. Joyce, Ph.D.
Department of Psychiatry
University of Pennsylvania School of Medicine
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