
phism information content (PIC) (8) of the 
Sma2.6 RFLP is 0.58, raising the overall 
PIC of the D4S43 locus to an estimated 
0.70. Thus, the marker should be informa- 
tive in the majority of families for which 
presymptomatic diagnosis is attempted. 

The predictive value of the D4S43 locus 
would be further enhanced if any of the 
RFLPs displayed a strong association with 
the disease gene due to linkage disequilibri- 
um between the two loci. In this instance, 
presymptomatic diagnosis could potentially 
be extended to those "at risk" individuals 
who have too few living relatives for applica- 
tion of the linkage test. Such a result would 
also suggest that D4S43 and H D  are in 
extremely close proximity. To test for link- 
age disequilibrium, we typed a collection of 
unrelated individuals affected by H D  (9 ) ,  
along with their respective unaffected, and 
sometimes affected parents. The unaffected 
parents provide a control group for deter- 
mining the frequency of individual alleles on 
normal chromosomes. Comparison of the 
parental genotypes with those of the affected 
offspring served to identify in most instances 
the particular allele inherited together with 
the H D  gene in a given family. For all eight 
RFLPs, we observed no significant associa- 
tion between the defect and any specific 
allele (P > 0.05 in all cases). Furthermore, 
when alleles for the individual RFLPs were 
considered together, a minimum of ten dif- 
ferent haplotypes were present on H D  chro- 
mosomes. Thus, either the assumption that 
most affected individuals have inherited an 
H D  defect of common origin is incorrect, or 
the D4S43 marker is not close enough to 
the defect to detect linkage disequilibrium 
without examining individuals from specific 
ethnic groups or geographic locations. 

The position of D4S43 makes it the clos- 
est available marker to the H D  gene, in- 
creasing both the accuracy and ap~licability 
of predictive testing. The absence of cross- 
overs with HD, together with a physical 
localization within the terminal 3% of the 
short arm of chromosome 4, make D4S43 a 
suitable starting point for progressing to- 
ward the H D  gene by chromosome walking, 
long-range physical mapping by pulsed field 
gel electrophoresis, and sophisticated direc- 
tional cloning techniques such as chromo- 
some "jumping." Although it is impossible 
to estimate the exact physical distance that 
separates the two loci, both are bracketed by 
D4S10 and the telomere within a region 
probably containing about 0.2% of the 
genome (2). With no crossovers detected 
between D4S43 and HD, the two indepen- 
dent coding sequences represented b y  the 
LCD cDNA, and a different cDNA isolated 
by means of S1.5, remain candidates for the 
site of the H D  defect. 
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Long-Term Neuropathological and Neurochemical 
Effects of Nucleus Basalis Lesions in the Rat 

The long-term effects of excitotoxic lesions in the nucleus basalis magnocellularis of 
the rat were found to mimic several neuropathological and chemical changes associated 
with Alzheimer's disease. Neuritic plaque-like structures, neurofibrillary changes, and 
neuronal atrophy or loss were observed in the frontoparietal cortex, hippocampus, 
amygdala, and entorhinal cortex 14 months after the lesions were made. Cholinergic 
markers in neocortex were reduced, while catecholamine and indoleamine metabolism 
was largely unaffected at this time. Bilateral lesions of the nucleus basalis magnocellu- 
laris increased somatostatin and neuropeptide Y in the cortex of the rat by at least 138 
and 284 percent, respectively, suggesting a functional interaction between cholinergic 
and peptidergic neurons that may differ from that in Alzheimer's disease. 

A LZHEIMER'S DISEASE (AD), THE regions important for cognitive function- 
most common cause of dementia in ing-the cerebral cortex and hippocampus 
the elderly, is consistently associated (4). Within these regions ofAD brains there 

with a loss or dysfunction of cholinergic are many neuritic plaques and neurofibril- 
neurons in the nucleus basalis of Meynert law tangles ( 5 ) .  , - , ,  

(NBM) (1, 2) that project to the ceribrd 
Other transmitters such as the pep- G. W. Arendash, Section of Physiology and Develop- 

tides somatostatin (SS) and neuropeptide Y ment, Department of Biology, University of South Flori- 
da, Tampa, FL 33620. (NPY) are reduced in the W. J. Mtllard, Department of Pharmacodynamics, Uni- 

some brains from patients with AD (3), versity of Florida, Gainesville, FL 32610. 

suggesting their involvement in the disease A. J. Dunn, Department of Neuroscience, University of 
Florida. Gainesville. FL 32610. 

process. Neuropathologically, AD is charac- E. M.  eyer, ~ e ~ & e n t  of Pharmacology, University 

terized by cerebral atrophy due to substan- Gainesvine, FL 32610, 

tial neurond losses primarily in two brain *To whom correspondence should be sent. 
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Fig. 1. (A) Coronal section of an animal receiving a unilateral nBM infusion 
of ibotenic acid. The section was stained for acetylcholinesterase (3P) to 
visualize the intact nBM (arrowhead) and extent of neuronal destruction on 
the ibotenic acid-infused side (triangles). (B and C) Thionine-stained 
parietal cortex on the control (B) and lesioned (C) side of an animal given a 
unilateral nBM lesion 14 months earlier (x 100). (D) A neuritic plaqu+like 
structure and heavily silver-impregnated neurons in parietal cortex after nBM 
lesioning ( x400). (E) Silver-impregnated neurons in the basolateral nucleus 
of the arnygdala after nBM lesions (x400). (F) Silver-stained, atrophic 
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neurons within layers I1 and I11 of the entorhinal cortex 14 months after 
nBM lesioning (x400). (G) A plaque-like structure in the silver-stained 
dorsal hippocampus 14 months after nBM lesioning (X400). (H and I) The 
pyramidal cell layer of the dorsal hippocampus on control (H) and lesioned 
(I) sides from a unilaterally lesioned rat (x400). (J) Three plaque-like 
structures in the fiontolateral cortex after nBM lesioning (x400). (K and L) 
Neuritic plaquelike structures in silver-stained frontal (x400) and parietal 
(X  1000) cortex, respectively, after nBM lesioning. 
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Although several attempts have been 
made to mimic the degeneration and atro- 
phy of NBM cholinergic neurons in AD by 
lesioning the analogous nucleus basalis mag- 
nocellularis (nBM) in the rat, little is known 
about the long-term pathological and chem- 
ical effects of these lesions. We now reDort 
that several characteristics of AD are ob- 
served 14 months after nBM lesions. 

Two-month-old male Sprague-Dawley 
rats were infused with the neurotoxin ibo- 
tenic acid into the nBM either unilaterally or 
bilaterally (6). Those animals with bilateral 
infusions were tested in a variety of learning- 
and memory-related tasks over the ensuing 
7-month period and were killed 14 months 
after lesioning (7). Prefrontal, frontal, and 
parietal cortices from the right hemisphere 
of each animal were used to assay catechol- 
m i n e  and serotonin metabolites (8), cholin- 
ergic markers (9), and neuropeptides (lo), 
respectively. The left hemisphere from these 

bilaterally lesioned animals was processed 
histologically ( l l ) ,  and brain sections were 
stained with either (i) silver impregnation 
(12) to visualize neuronal fibers and neurofi- 
brils, (ii) Congo red (13) to identifp amyloid 
deposits, or (iii) thionine to determine neu- 
ronal densities (14). Brains from animals 
with unilateral nBM lesions were also re- 
moved 14 months after lesioning, histologi- 
cally sectioned, and stained according to the 
three methods just described. 

Consistent with earlier nBM lesion stud- 
ies (6, 15), bilaterally lesioned rats were 
deficient in learning andor memory for a 
variety of tasks including multiple trial pas- 
sive avoidance, two-way active avoidance, 
Lashley I11 maze performance, and pole- 
jumping active avoidance (1 6). Histological 
examination of brain sections from these 
lesioned animals killed at 14 months re- 
vealed a restricted gliosis (with essentially no 
surviving neurons) that encompassed the 

Table 1. Cortical cholinergic and monoarninergic markers 14 months after bilateral nBM lesions. 
Abbreviations: CAT, choline acetyltransferase; HACT, high-affinity choline transport; LACT, low- 
affinity choline transport; ACh, acetylcholine; NE, norepinephrine; MHPG, 3-methoxy-4-hydroxy- 
phenylglycol; DA, dopamine; DOPAC, dihydroxyphenolacetic acid; 5-HT, serotonin; 5-HIAA, 5- 
hydroxyindoleacetic acid. Data are expressed as picomoles per milligram of wet weight tissue per time 
for cholinergic markers and nanograms per milligram of wet weight tissue for monoaminergic markers. 

Marker Control Lesioned 

Cholinergic markers 
CAT activity per (pmoVmg per 15 minutes) 
HACT (pmoYmg per 2 minutes) 
LACT (pmoYmg per 2 minutes) 
ACh synthesis (pmoVmg per 2 minutes) 

Monoamine markers (ngimg) 
NE 
MHPG 
D A 
DOPAC 
5-H'r 
5-HIAA 
Tryptophan 

"Significantly different from controls (P < 0.05; t test). 

Table 2. Neuronal densities in cerebral cortex at 14 months after bilateral nBM lesioning. For each 
animal, a mean neuronal density from five representative brain sections was used to compute the mean 
t SEM for both groups. 

Neuronal density (neuronsi0.09 rnrn2) 
Cortical 

area Decrease 
Control Lesioned ("/.I 

Anterior frontal 
Layer I1 
Layer I11 
Layer VI 

Posterior frontal 
Layer I1 
Layer I11 
Layer VI 

Anterior parietal 
Layer I1 
Layer I11 
Layer VI 

*P < 0.05, **P < 0.025, ***P < 0.005 ( t  test; n = 5 for both lesioned and control groups). 
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entire ventromedial globus pallidus contain- 
ing the nBM (Fig. 1A) (1 7). No damage to 
fibers of passage was observed. 

Fourteen months after bilateral nBM le- 
sions, significant decreases were observed in 
cerebral cortical choline acetyltransferase ac- 
tivity, high-affiity choline transport, and 
coupled [3H]acetylcholine synthesis in iso- 
lated nerve terminals (Table 1). Low-affinity 
choline transport was not affected (18). 
Monoamine concentrations in the prefrontal 
cortex were largely unaffected by nBM le- 
sions (Table 1). However, there was a small 
(18%), but statistically significant, decrease 
in cortical norepinephrine concentrations in 
lesioned animals (19). SS and NPY levels in 
parietal cortex were elevated by 138 and 
284%, respectively, 14 months after lesions 
(Fig. 2). The enhancement in cortical con- 
centrations of both peptides is consistent 
with observations showing neuronal colocal- 
ization of these peptides in the rat as well as 
in human cerebral cortex (20). Although 
these results suggest a functional relation 
between nBM neurons projecting to the 
cortex and SS- and NPY-containing neu- 
rons, the mechanism by which nBM lesions 
increase the concentrations of these peptides 
remains obscure. Acetylcholine is a potent 
secretagogue of SS in the rat cortex (21) and 
NPY in the adrenal medulla (22). Thus, it is 
conceivable that the loss of cholinergic 
input from the nBM eventually leads to the 
accumulation of these peptides in the 
cortex. 

Bilaterally lesioned animals suffered sub- 
stantial neuronal losses (from 14 to 27%) in 
all layers of the frontoparietal cortex investi- 
gated (Table 2), with particularly marked 
losses in the parietal cortex. Even rats given 
unilateral nBM lesions experienced neuronal 
losses (from 27 to 41%) in various fronto- 
parietal cortex layers on the lesioned side 
compared to the unlesioned side (Fig. 1, B 
and C). Fourteen months after nBM lesions, 
many surviving cortical neurons were atro- 
phied or stained intensely by silver impreg- 
nation or both (Fig. ID) ,  particularly in the 
dorsomedial and lateral cortex. Probably 
because of cortical cell losses after such 
lesioning, fiber staining in the frontoparietal 
cortex was lighter than controls and often 
had a "spongy" appearance (with vacuola- 
tion of tissue). No such changes in fiber 
staining were seen within cortical areas that 
do not receive nBM cholinergic projections 
(cingulate cortex, pyriform cortex, and pos- 
terior neocortex) . Moreover, a large number 
of heavily silver impregnated, dystrophic 
neurons were observed in the basolateral 
nucleus of the amygdala (Fig. lE),  which 
receives a cholinergic projection from the 
nBM (23) and is involved neuropathologi- 
cally in AD (24). 
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Environmental Correlates of Food Chain Length 

In 113 community food webs from natural communities, the average and maximal 
lengths of food chains are independent of primary productivity, contrary to the 
hypothesis that longer food chains should arise when more energy is available at their 
base. Environmental variability alone also does not appear to constrain average or 
maximal chain length. Environments that are three dimensional or solid, however, 
such as a forest canopy or the water column of the open ocean, have distinctly longer 
food chains than environments that are two dimensional or flat, such as a grassland or 
lake bottom. 

A COMMUNITY FOOD WEB (1)  DE- 
scribes the feeding relations in a 
community of organisms. A trophic 

species (2) (hereinafter species) in a web is a 
collection of organisms that feed on a com- 
mon set of organisms and are fed on by a 
common set of organisms. Species x is 
linked to species y when energy flows from x 
toy, that is, when y feeds on x. A chain is an 
energy path or sequence of links that starts 
at a species that eats no other species in the 
web and ends at a species that is eaten by no 
other species in the web. The length of a 
chain is the number of links it comprises. 
The mean chain length of a web is the 
arithmetic average of the lengths of all 
chains in the web. 

Two major hypotheses and one empirical 
generalization have been proposed to relate 
chain lengths to environmental conditions. 
The first hypothesis, known as the "energet- 
ic hypothesis" (3), proposes that chain 
length is limited by the inefficiency with 
which energy is transmitted by predation 
and by the minimal energy requirements of 
predators. Limited available energy may 
make it impossible to support enough indi- 
viduals to maintain a population, may make 
it impossible for individuals to find enough 
prey to survive, or may constrain chain 
length through other mechanisms. In its 
simple form, this hypothesis predicts that 
chains should be longer in ecosystems with 
higher primary productivity. It has been 
tested experimentally (4) and rejected for 

small artificial ecosystems, and it remains to 
be tested further experimentally. From a 
review of nine studies ranging from energet- 
ically impoverished to highly productive en- 
vironments, Pimm (5) concluded that there 
was no evidence for food chains being long- 
er in more productive habitats. 

The second hypothesis, known as the 
dynamical stability hypothesis (6) ,  is based 
on the finding in specific mathematical 
models of ecosystems that the longer the 
chains, the more severe the restrictions that 
must be imposed on the coefficients of the 
models for equilibrium to be feasible or 
stable. Further, in certain models, ecosys- 
tems with longer chains take longer to re- 
turn to equilibrium once perturbed, so that 
webs with longer chains may be less likely to 
persist in nature. This hypothesis predicts 
that chains should be longer in ecosystems 
exempt from large perturbations. To our 
knowledge, there is no reported evidence for 
or against this hypothesis. 

The empirical generalization (3, based on 
34 webs, proposes that chains tend to be 
longer in three-dimensional than in two- 
dimensional environments. An environment 
is classified as having dimension 2 if it is 
essentially flat, like a grassland, the tundra, a 
sea or lake bottom, a stream bed, or the 
rocky intertidal zone. An environment is 
classified as having dimension 3 if it is solid, 
like the pelagic water column or a forest 
canopy. Webs from habitats integrating 
both flat and solid environments are consid- 
ered as having "mixed" dimension. 
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