
taken (with updates) from Maynard and Dando's 
review of stomach anatomy. Their CP (cardio- 
pyloric), GP (gastro-pyloric), LC (lateral car- 
diac), and LG (lateral gastric) neurons are equiv- 
alent to the DG, MG, LG, and LPG neurons, 
respectively of (2). The names of other STG 
neurons are AM (anterior median), GM (gastric 
mill), Int 1 (interneuron 1), PD (pyloric dilator), 
AB (anterior burster), LP (lateral pyloric), VD 
(ventricular dilator), IC (inferior cardiac), and 
PY (pyloric) of which there are two subgroups, 
PE (early PY) and PL (late PY); D. K. Hartline 
and D. V. Gassie, Jr., in preparation. 

14. L. W. Powers, Comp. Biochem. Physiol. A 46, 
767 (1973). The fast modulation of the CP neu- 
ron in Fig. 1, C to F, recurring at about 0.6-sec- 
ond intervals, was due to coupling between the 
pyloric and gastric generators (8). It caused the 
slow gastric bursts in the CP, recurring at about 
8-second intervals, to be fragmented into sub- 
bursts. The fast modulation could be reduced or 
eliminated by cutting the superior esophageal 
nerves (see, for example, Fig. 1G). 

15. Although plateaus were most clearly demon- 
strated while a cell's firing was suppressed by 
steady hyperpolarization, plateau properties are 
present in nonpolarized cells, as we have shown 
for most cell types by prematurely triggering and 
terminating ongoing bursts with current pulses 
(as in Fig. 1, G and H). 

16. Some of the rare spontaneous gastric rhythms in 
the isolated STG (2) may have been due to the 
occurrence of plateau potentials in gastric neu- 
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Brain catecholamines (CA), both do- 
pamine (DA) and norepinephrine (NE), 
have been implicated in the patho- 
physiology of schizophrenia (1). In this 
respect, the evidence includes (i) the 
psychotogenic activity of drugs (such as 
d-amphetamine and 1-dopa) that increase 
the synaptic availability of brain CA (2); 
(ii) the ability of neuroleptics with anti- 
psychotic activity to block peripheral (3) 
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rons even though central inputs were severed. 
We have observed the CP to burst endogenously 
in one such isolated STG to date. 

17. Plateau behavior in the isolated STG, either 
spontaneous or following stimulation of the in- 
put nerve, rules out the possibility of its being 
due to network interactions involving neurons in 
central ganglia. 
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20. We also tried replacement of Ca2+ with 1 to 5 
mM Ba2+ in isolated STG's, which resulted in 
the occurrence of prominent plateaus in the 
same gastric neurons as exhibited plateaus un- 
der central input. We hesitate to use Ba2+ 
plateaus as a criterion for identifying "bursty" 
neurons since neurons which do not normally 
generate plateaus will do so with Ba2+ [for ex- 
ample, the crayfish and lobster stretch receptors; 
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and central (4) CA receptors; and (iii) the 
reduced activity of DA /-hydroxylase in 
the brain of schizophrenic subjects (5); 
this latter finding, however, has been dis- 
puted (6). [Studies on the CA-related en- 
zymes monoamine oxidase (7) and DA- 
stimulated adenylate cyclase (8), as well 
as a preliminary study on DA and homo- 
vanillic acid (9), have failed to provide a 
uniform picture.] The limbic forebrain 
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has been suggested as a possible seat of 
the behavioral abnormalities seen in 
schizophrenic subjects (10). The limbic 
forebrain in the rat contains not only a 
rich dopaminergic innervation and a DA- 
sensitive adenylate cyclase (11), but also 
an NE-sensitive adenosine 3',5'-mono- 
phosphate generating system which is 
blocked in a dose-dependent manner by 
neuroleptics with antipsychotic activity 
(12). Thus, although the apparent corre- 
lation between the antipsychotic potency 
of neuroleptics and their action on do- 
paminergic systems (13) in general fa- 
vors the view that brain DA is implicated 
in schizophrenia (14), there also is evi- 
dence suggesting a malfunction of norad- 
renergic mechanisms (5, 15, 16). 

Our studies on the distribution of NE 
(17), DA (9), and serotonin (18) in the hu- 
man brain have shown that NE has the 
strongest limbic representation of the 
three major brain amines in this species. 
Thus, the highest levels of NE in the 
forebrain (means of 1 to 2 L/g per gram of 
wet tissue) occur in the hypothalamus, 
nucleus accumbens, medial olfactory 
(preoptic) area, bed nucleus of the stria 
terminalis, and the central amygdaloid 
nucleus; the nuclei of the ventral septum 
as well as the mammillary body and the 
paramedian thalamic region also contain 
appreciable concentrations of NE (means 
of about 0.5 ,ug/g). 

We present data here on the distribu- 
tion of NE in limbic forebrain regions of 
four patients with chronic paranoid 
schizophrenia. In this study postmortem 
brain material was used; it included the 
following groupings (19): (i) four patients 
diagnosed by Bleuler's criteria as chron- 
ic paranoid schizophrenics, (ii) three in- 
dividuals with no diagnosed disease who 
committed suicide, and (iii) 12 controls 
with no evidence of psychiatric or neuro- 
logic disease. In an earlier study of neu- 
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Table 1. Norepinephrine in limbic brain areas of four schizophrenic subjects compared with controls specifically matched as to age and post- 
mortem interval. Of a given control brain, not all of the listed regions were available for analyses. The statistical significance of differences was 
determined with a two-tailed t-test; N, number of controls; S.E.M., standard error of mean. 

Norepinephrine (micrograms per gram of wet tissue) 

Brain region Controls Schizophrenics Brain region 

N Mean + S.E.M. Range Mean + S.E.M. Percentage 
of control 

Hypothalamus, total 12 1.83 + 0.18 0.91-2.71 1.86 + 0.22 102 
Hypothalamus, anterior 4 2.29 + 0.31 1.48-2.29 2.07 + 0.30 90 
Hypothalamus, posterior 4 1.64 + 0.36 0.75-2.41 1.88 + 0.18 115 
Hypothalamus, lateral 12 1.49 + 0.12 0.89-2.20 1.63 ? 0.17 109 
Nucleus accumbens 8 1.58 + 0.16 1.21-2.36 2.40 + 0.27* 152 
Medial olfactory (preoptic) area 8 1.49 + 0.27 0.56-2.51 1.69 ? 0.19 113 
Bed nucleus of striaterminalis 4 1.23 + 0.17 0.84-1.69 2.72 ? 0.26t 221 
Ventral septum 4 0.53 ? 0.11 0.33-0.82 1.59 + 0.24t 300 
Mammillary body 12 0.45 + 0.02 0.33-0.58 0.69 ? 0.16? 153 
Paramedian thalamic nuclei 4 0.48 + 0.02 0.44-0.51 0.53 ? 0.06 110 

*P < .02. tP < .005. SP < .01. ?P < .05. 
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Norepinephrine in Chronic Paranoid Schizophrenia: 
Above-Normal Levels in Limbic Forebrain 

Abstract. In postmortem examination of brains offour patients with chronic para- 
noid schizophrenia, above-normal norepinephrine levels were measured in the ven- 
tral septum, the bed nucleus of the stria terminalis, the nucleus accumbens, and the 
mammillary bodies. No changes were detected in other limbic forebrain regions, 
including the hypothalamus and the medial olfactory (preoptic) area. The results 
point to the possibility of a malfunction of limbic noradrenergic mechanisms in schiz- 
ophrenia, especially the paranoid variety. 

Norepinephrine in Chronic Paranoid Schizophrenia: 
Above-Normal Levels in Limbic Forebrain 

Abstract. In postmortem examination of brains offour patients with chronic para- 
noid schizophrenia, above-normal norepinephrine levels were measured in the ven- 
tral septum, the bed nucleus of the stria terminalis, the nucleus accumbens, and the 
mammillary bodies. No changes were detected in other limbic forebrain regions, 
including the hypothalamus and the medial olfactory (preoptic) area. The results 
point to the possibility of a malfunction of limbic noradrenergic mechanisms in schiz- 
ophrenia, especially the paranoid variety. 

456 456 0036-8075/78/0428-0456$00.50/0 Copyright ? 1978 AAAS 0036-8075/78/0428-0456$00.50/0 Copyright ? 1978 AAAS SCIENCE, VOL. 200, 28 APRIL 1978 SCIENCE, VOL. 200, 28 APRIL 1978 



Table 2. Influence of neuroleptic drug treatment and suicide on norepinephrine concentrations in limbic forebrain areas of schizophrenic cases. 
Values are expressed as percentage of those of controls (Table 1); N, number of cases. 

Norepinephrine concentration (percentage of control) 
Group Hypo- Medial Nucleus Nucleus striae Ventral 

thalamus olfactory accumbens terminalis septum 

Neuroleptic drug treatment 
Schizophrenic 

No neuroleptics (case 1) 75 101 180* 217* 166* 
Acute chlorpromazine (cases 2 and 3) 134, 105 117, 88 108, 142 265,* 165* 342,* 347* 
Chronic piperacetazine (case 4) 95 146 178* 236* 343* 

Suicide 
Nonschizophrenic (N = 3) 89 95 102 ND 108t 
Schizophrenic (cases 2, 3, and 4) 111 117 142 222 343 

*Value outside the upper range of control (Table 1). tOnly two cases examined. 

rologically normal brains NE levels did 
not vary with either patient age (19 to 77 
years) or postmortem interval (6 to 33 
hours) (17). However, the controls in 
group (iii) were matched to the schizo- 
phrenic cases with regard to both age 
and postmortem interval. All procedures 
in handling and freezing of the brains fol- 
lowing autopsy and dissection of discrete 
brain regions were performed as de- 
scribed (17, 20). Norepinephrine was as- 
sayed either spectrofluorimetrically after 
separation on Dowex columns (21) or by 
a radioenzymatic procedure (22). All val- 
ues were corrected for dilution factors 
and losses during the extraction proce- 
dure; they are expressed as micrograms 
of NE per gram of wet tissue. The chem- 
ical analyses, but not the dissections, 
were performed without knowledge of 
the subject's clinical history. 

In the schizophrenic cases the most 
conspicuous finding was a significantly 
above-normal concentration of NE in 
several of the NE-rich areas of the limbic 
forebrain (Table 1). The nucleus accum- 
bens and the mammillary body of the 
schizophrenics had approximately 50 
percent higher NE levels than did those 
of controls (P < .02 and < .05, respec- 
tively). For the bed nucleus of the stria 
terminalis the difference was more than 
100 percent (P < .005). However, the 
most conspicuous change was in the ven- 
tral septum, where the mean NE level in 
schizophrenics was threefold higher than 
the corresponding control mean (P < 
.01). 

Sharply contrasting with this increase 
of NE levels in these regions of the lim- 
bic forebrain (the change in the mammil- 
lary body possibly being of borderline 
significance only), none of the other lim- 
bic areas examined, including the NE- 
rich hypothalamus and medial olfactory 
(preoptic) area, displayed any clear 
changes. Thus the observed above-nor- 
mal limbic NE values in these cases of 
chronic paranoid schizophrenia appear 
to reflect a rather localized change, pos- 
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sibly confined to a functionally distinct 
subsystem within the limbic forebrain, 
rather than a derangement of the whole 
system. 

Two major sources of error not related 
to the disease process could have influ- 
enced the neurochemical parameters in 
our schizophrenic subjects. These are 
drug treatment (neuroleptics) and mode 
of death (suicide). Three of four schizo- 
phrenics received some neuroleptic 
treatment and died from traumatic sui- 
cide (19). However, neither of these fac- 
tors can account for the specific pattern 
of NE changes found in our cases (Table 
2). While in respect to neuroleptic drug 
treatment the schizophrenic sample was 
quite inhomogeneous (one untreated, 
one chronically treated, and two acutely 
treated patients), the pattern of limbic 
NE changes in each case was basically 
the same. [Neither acute nor subacute 
chlorpromazine administration influ- 
enced brain NE levels in laboratory ani- 
mals (23)]. Also, the NE levels in three 
suicides with no known disease were 
comparable with the control values 
(Table 2). Thus, it seems reasonable to 
conclude that the above-normal NE lev- 
els in certain limbic forebrain areas in 
these cases of paranoid schizophrenia 
were related to the disease process. 

Depending on the synaptic neurotrans- 
mitter dynamics underlying the steady- 
state condition, our measurement of 
above-normal limbic NE in the examined 
cases of paranoid schizophrenia could, 
in principle, be due to either increased or 
decreased activity of the NE neurons in- 
volved. A deficit in noradrenergic brain 
activity has been hypothesized as a pos- 
sible factor in schizophrenia (5, 16). 
However, a denser-than-normal NE in- 
nervation of the limbic areas in question 
also could produce the observed effect of 
above-normal NE levels (24). More de- 
finitive conclusions may be drawn when 
data on the behavior of NE metabolites 
become available. 

Although our results suggest a mal- 

function of the limbic NE system, much 
evidence implicates brain DA in schizo- 
phrenia. It may be that the NE and DA 
systems converge on a common "cru- 
cial" receptor structure in the limbic 
forebrain. If the functions of these CA 
systems are dynamically interrelated 
(25), a malfunction of the NE system 
could result in a relative predominance 
of the DA system. Thus, the therapeutic 
efficacy of the antidopaminergically ac- 
tive neuroleptics in schizophrenia may 
be an example of an indirect therapeutic 
effect rather than chemotherapy aimed at 
correcting the primary neurochemical 
disturbance. 

In conclusion, we suggest that the sig- 
nificantly above-normal NE levels within 
some limbic forebrain regions, especially 
the ventral septum and the bed nucleus 
of the stria terminalis, may be a specific 
neurochemical feature, or concomitant, 
of chronic paranoid schizophrenia. If 
these results are confirmed in a larger se- 
ries of cases, the theoretical and thera- 
peutic implications would be manifold. 
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In a recent report Makarewicz and 
Likens (1) interpret the results of their 
study of the zooplankton community in 
Mirror Lake, New Hampshire, as sup- 
porting the individualistic concept of nat- 
ural communities (2). They state that 
"the finding parallels Ramensky's ... 
and Gleason's . . concepts of species 
individuality and community continu- 
ity." Ecologists have long argued about 
whether natural communities constitute 
highly structured entities. Pielou (3) has 
defined community structure as "the 
amount of interdependence among the 
species." Thus, the more biological in- 
teractions that occur in a given commu- 
nity, the stronger the statistical associa- 
tions among species and the more defi- 
nite the structure. Obviously, the degree 
of structure will vary with the taxonomic 
unit that is considered. For example, 
much of the support for the individ- 
ualistic concept has come from studies of 
terrestrial plant communities (4). Zoo- 
plankton communities in lakes, how- 
ever, exhibit a definite structure which 
invalidates the application of the individ- 
ualistic concept as proposed by Maka- 
rewicz and Likens (I). My argument 
consists of two parts: why they did not 
find community structure, and how it can 
be found. Because the community struc- 
ture controversy has important ecologi- 
cal implications, a careful evaluation of 
their interpretation is warranted. 

Makarewicz and Likens (1) report on 
48 productivity estimates of 15 zooplank- 
ton species. They collected non- 
replicated samples at four depths each 
month for a year. They plotted isopleths 
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(isolines) of these productivity values us- 
ing two to four species per graph, with 
depth on the Y axis and time of year on 
the X axis. The isopleth representations 
are termed population response sur- 
faces. Because mean monthly produc- 
tion values for the species are contin- 
uous and because the population re- 
sponse surfaces do not overlap greatly, 
Makarewicz and Likens conclude that 
"this intracommunity population struc- 
ture is analogous to the extensive or 

intercommunity population continuum 
formed by communities in relation to 
habitat gradients." They do suggest, 
however, that the observed division of 
the niche space has resulted from species 
interactions. 

The productivity estimates themselves 
are a valuable contribution to zooplank- 
ton ecology. My criticism concerns only 
the representation of the results and sub- 
sequent conclusions concerning commu- 
nity structure. Three central questions 
are (i) Do 48 environments (samples) 
per year adequately characterize the 
overlap patterns of a zooplankton com- 
munity? (ii) Have the sets of species 
used to represent niche separation been 
appropriately chosen? (iii) Does the use 
of productivity values give a good esti- 
mate of species importance? The follow- 
ing remarks apply mostly to zooplankton 
communities: sweeping generalizations 
for all communities should be avoided 
until biological insights are better devel- 
oped. 

First, it is crucial in delineating com- 
munity structure to select an appropriate 
spatial-temporal framework for the orga- 
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