These data suggest that the bees were
remembering the spatial relationships of
the elements in each pattern. This alter-
native is consistent with the results of
experiments H; and H,, in which bees
had essentially the same degree of diffi-
culty learning to distinguish two pairs of
spatially complex patterns, even though
prominent parameters of the H; pair
(vertical and horizontal versus diagonal
boundaries) were quite different, where-
as in H, they were the same. The diffi-
culty that bees experience by learning to
distinguish spatially complex patterns is
not likely to be a consequence of their
poor visual resolution: measurements
from the distance at which bees appear

“study’’ and choose between the pat-
terns in these experiments indicate that a
minimum of 50 ommatidia in each eye
would be directed at each segment of the
most complex pattern (J) that bees were
able to learn; even for patterns that bees
cannot distinguish after 25 trials (those in
experiment K, for instance), half that
number would be involved. More likely,
perhaps, is that the limiting factor is the
resolution of the eidetic storage in the
bee’s brain.

JAMES L. GouLD
Department of Biology,
Princeton University,
Princeton, New Jersey 08544
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Regional Myocardial Substrate Uptake in Hypertensive Rats:
A Quantitative Autoradiographic Measurement

Abstract. Severe hypertension causes global and regional changes in myocardial
perfusion and substrate utilization. Regional perfusion and fatty acid utilization were
evaluated by dual-tracer autoradiography in normotensive and hypertensive rats of
the Dahl strain. The regional distributions of perfusion and fatty acid utilization were
homogeneous in normotensive rats. Severe hypertension was associated with a
homogeneous pattern of regional perfusion, but fatty acid utilization was focally
decreased in the free wall of the left ventricle. The decrease in fatty acid uptake was
associated with a concomitant increase in glucose utilization. These findings suggest
that severe hypertension is associated with uniform myocardial perfusion and focal
alterations in the substrates used for the performance of myocardial work.

Increased myocardial work caused by
severe hypertension leads initially to
myocardial hypertrophy and, if untreat-
ed, to heart failure (I). Although the
hypertrophic myocardium has a propor-

_ tional increase in myocardial perfusion,

capillary density is decreased and the
myocardial perfusion reserve is abnor-
mal (2, 3). The energy requirements of
the normal heart in the basal state are
usually met by catabolism of free fatty
acids (¢), with minimal contributions by
lactate and glucose. The substrates used
to provide energy during persistent in-
creased myocardial work, such as occurs
in prolonged hypertension or aortic ste-
nosis, are less well defined. When the
left ventricle is called upon to perform
increased pressure work, the myocardi-
um may not respond uniformly. In this
circumstance, the effects on endocardi-

2-DG TI

Fig. 1. Dual-tracer autoradiograph of a select-
ed midventricular slice of myocardium from a
hypertensive rat given injections of thallium-
201 (T1) and 2-deoxyglucose (2-DG) labeled
with carbon-14. The thallium distribution is
uniform, whereas glucose uptake is increased
in the endocardium.

um versus epicardium and on the free
wall versus the septum of the left ventri-
cle may differ (5, 6). We investigated the
possibility that persistent increases in
pressure work are associated with alter-
ations in the catabolism of metabolic
substrates in hypertensive rats. Using
quantitative dual-tracer autoradiogra-
phy, we evaluated the regional distribu-
tion of glucose and free fatty acid ana-
logs and correlated the results with
changes in regional perfusion.

The Dahl strain of rats, derived from
common Sprague-Dawley ancestors,
have differing genetic predispositions to
experimental hypertension (7). Original-
ly, genetic separation was achieved on
the basis of divergent blood pressure
responses to ingested salt (NaCl). The
hypertension-prone animals develop fa-
tal hypertension from salt intakes to
which hypertension-resistant animals re-
spond mildly, if at all. Rats used in our
study were weaned when they were 3
weeks old. Normotensive rats received
0.4 percent NaCl and hypertensive rats
received 8 percent NaCl by weight in
their food for 5 weeks. At age 11 weeks,
the blood pressure of the rats was mea-
sured by tail cuff; the animals were
weighed; and the regional myocardial
utilization of substrate was determined.
The mean systolic blood pressure of the
hypertensive rats was 209 + 13 mmHg,
and their mean body weight was 228
+ 11 g. Normotensive rats had a mean
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Fig. 2. Dual-tracer autoradiograph of a select-
ed midventricular slice of myocardium from a
hypertensive rat. Thallium-201 (Tl) was used
to measure regional perfusion and carbon-14
was used as a label for B-methyl heptadeca-
noic acid (BMHDA) to measure the regional
utilization of fatty acids. The thallium distri-
bution is uniform, whereas the distribution of
the fatty acid decreased in the endocardium
and free wall.

systolic blood pressure of 131 = 5 mmHg
and a mean body weight of 227 = 11 g.

Regional myocardial perfusion was as-
sessed with 2'Tl-labeled thallium chlo-
ride. Regional glucose concentration was
measured with 2-deoxy-p-[U-*Clglu-
cose (["*CIDG) (8) or ['®F]2-fluoro-2-de-
oxy-D-glucose (['*F]FDG) (9). Regional
fatty acid incorporation was studied with
the use of the branched chain fatty acid
B-methyl heptadecanoic acid labeled at
the 1 position (['*CIBMHDA) (10). The
metabolic analogs enter catabolic path-
ways, proceed through a committed
step, and remain in situ for an extended
time. The regional concentrations of
tracers in the myocardium were deter-
mined by quantitative dual-tracer autora-
diography on 20-pm-thick frozen sec-
tions of the left ventricle cut in the
direction perpendicular to the long axis
of the left ventricle. The exact metabolic
rate of glucose or fatty acid utilization
was not measured in these experiments,
but rather the regional concentration of
each substrate in the tissue was quanti-
fied. The animals were given free access
to a standard rat diet up to the time of the
study. Three different experiments were
conducted on a total of 23 rats.

1) Regional fatty acid utilization and
regional myocardial perfusion were com-
pared in eight rats (four normotensive
and four hypertensive). The rats were
first injected with 12.5 wCi of
[“CIBMHDA, then 10 minutes later
with 500 uCi of 'T1. They were killed
S minutes after the second injection.

2) Regional glucose utilization and re-
gional perfusion were compared in ten
rats (five normotensive and five hyper-
tensive). The rats were first injected with

22 MARCH 1985

12.5 uCi of [“CIDG, then 40 minutes
later with 500 wCi of 2°'TI. The rats were
killed 5 minutes after the second injec-
tion.

3) Regional glucose and fatty acid utili-
zation were compared in five rats (two
normotensive and three hypertensive).
The rats were first injected with 3 mCi of
['*FIFDG, then 30 minutes later with
12.5 pCi of ['"“CIBMHDA. The animals
were killed 15 minutes after the second
injection. All of the injections in the
three experiments were given intrave-
nously.

Immediately after the animals were
killed, their hearts and lungs were re-
moved, frozen in liquid nitrogen, and
processed for quantitative dual-tracer
autoradiography as described earlier
(11). The tissue sections and graded stan-
dards were placed on x-ray film (/2) for
exposure.

The initial autoradiographic exposures
showed the short-lived tracers (exposure

.times: for 2°!'T1, 6 hours; for ['*F]JFDG, 3

hours). Imaging of the second (longer-
lived) tracer was initiated when ten half-
lives of the short-lived tracer had
elapsed. The '“C-labeled tracers re-
quired approximately 2 weeks for ade-
quate film exposure.

The autoradiographs were digitized
and quantified with a videodensitometry
film analysis system (13, 14). The center
of the left ventricle was identified on
each slice. The endocardial region was
delineated as the inner half of the myo-

BMHDA

FDG

Fig. 3. Dual-tracer autoradiograph of a select-
ed midventricular slice of myocardium from a
hypertensive animal. B-Methyl heptadecanoic
acid (BMHDA) labeled with carbon-14 was
used to measure regional fatty acid utilization
and 2-fluorodeoxyglucose (FDG) labeled with
carbon-14 was used to measure regional glu-
cose utilization. The areas of decreased fatty
acid deposition correspond to the zones of
increased glucose utilization.

cardium defined along a series of radial
segments. The results for segments in-
volving the septal region and the free
wall were summed for quantitative com-
parisons.

Dual-tracer autoradiographs compar-
ing myocardial perfusion and substrate
(thallium-glucose, thallium-fatty acid,
and glucose-fatty acid) in hypertensive
rats are shown in Figs. 1 to 3. Myocardi-
al perfusion, as indicated by 2'TI distri-
bution, was homogeneous, whereas ac-
cumulation of the glucose analog
['*C]DG was heterogeneous in the myo-

- cardium of hypertensive rats, with great-

er uptake in the endocardium and left
ventricular free wall (Fig. 1). In contrast,
the fatty acid analog [“C]JBMHDA
showed decreased uptake in the endo-

Table 1. Quantitative autoradiographic data from three experiments on 17 rats (three normoten-
sive and three hypertensive rats in experiment 1; three normotensive and three hypertensive
rats in experiment 2; and two normotensive and three hypertensive rats in experiment 3).
Values are means + standard error except in experiment 3, for which only mean values are
given. LV and RV refer to left and right ventricles, respectively.

Uptake of label in
Region Normo- Hyper- Normo- Hyper-
tensives tensives tensives tensives
Experiment 1
“CIBMHDA (nCil 2
[ (nCilg) (ratio to LV epicardium)
RV 473 = 89 320+ 15 0.83 + 0.08 1.04 + 0.03
Septum 558+ 79 378 £ 21 1.22 + 0.04 1.09 = 0.005*
LV Endocardium 570 + 105 278 + 5* 1.12 £ 0.04 0.97 = 0.03
LV Epicardium 548 + 91 329+ 2%
Experiment 2
14CIDG (nCil 2
[“CIDG (nCilg) (ratio to LV epicardium)
RV 60 + 23 263 + 53* 1.00 + 0.06 0.90 + 0.08
Septum 135 £ 63 633 = 122* 1.22 + 0.08 1.22 + 0.04
LV Endocardium 112 = 36 649 * 146* 1.15 £ 0.02 1.11 £ 0.04
LV Epicardium 57+ 17 411 = 143*
Experiment 3 .
14 . [*FIFDG
[*CIBMHDA (nCilg) (ratio to LV epicardium)
RV 580 211 1.14 0.93
Septum 651 206 1.07 3.37
LV Endocardium 581 203 1.05 1.67
LV Epicardium 622 270 1 1
*P < 0.05 compared to values for normotensive rats.
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cardium and free wall of the myocardium
of hypertensive animals, although myo-
cardial perfusion was homogeneous (Fig.
2). Dual-tracer studies with the glucose
analog ['®F]FDG and the fatty acid ana-
log ['“CIBMHDA showed a complemen-
tary distribution of the two agents in the
myocardium of hypertensives (Fig. 3).
These data suggest that zones of de-
creased fatty acid uptake are associated
with increased glucose uptake.

Quantitative data were available in 17
animals (Table 1). As suggested by visual
inspection of the images, the distribution
of perfusion was homogeneous in the
myocardium of both the normotensive
and hypertensive animals. The ['*CIDG
uptake (expressed as nanocuries per
gram, after normalizing for the adminis-
tered dose) was much lower than the
fatty acid uptake in the myocardium of
normotensive animals. The ratio of fatty
acid to glucose was 9.4 in the right
ventricle, 5.0 in the septum, 5.5 in the
endocardial region of the left ventricle,
and 10 in the epicardial region of the left
ventricle. In contrast, glucose uptake
was higher than fatty acid uptake in the
same regions of myocardium of hyper-
tensive animals. The ratio of fatty acid to
glucose was 1.2 in the right ventricular
free wall, 0.5 in the septum, 0.40 in the
endocardium of the left ventricle, and
0.78 in the epicardium of the left ventri-
cle.

Since the animals were fed the same
diet, it is unlikely that i difference in
circulating glucose or fatty acid concen-
tration could account for these differ-
ences. These data suggest that substrate
use is altered in prolonged severe hyper-
tension before ischemia occurs. It is un-
certain whether this is the result of a
decrease in the ratio of capillaries to
sarcomeres or of a defect in membrane
transport, energy production, or energy
utilization.
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Alterations in L-Glutamate Binding in

Alzheimer’s and Huntington’s Diseases

Abstract. Brain sections from patients who had died with senile dementia of the
Alzheimer’s type (SDAT), Huntington’s disease (HD), or no neurologic disease were
studied by autoradiography to measure sodium-independent r-[°Hlglutamate bind-
ing. In brain sections from SDAT patients, glutamate binding was normal in the
caudate, putamen, and claustrum but was lower than normal in the cortex. The
decreased cortical binding represented a reduction in numbers of binding sites, not a
change in binding affinity, and appeared to be the result of a specific decrease in
numbers of the low-affinity quisqualate binding site. No significant changes in
cortical binding of other ligands were observed. In brains from Huntington’s disease
patients, glutamate binding was lower in the caudate and putamen than in the same
regions of brains from control and SDAT patients but was normal in the cortex. It is
possible that development of positron-emitting probes for glutamate receptors may
permit diagnosis of SDAT in vivo by means of positron emission tomographic

scanning.

Senile dementia of the Alzheimer’s
type (SDAT) and Huntington’s disease
(HD) are among the chronic degenera-
tive neurologic disorders that affect
memory. The symptoms of SDAT,
which is a relatively common disease,
often resemble those seen in cortical
disconnection syndromes; clinical signs
of cortical dysfunction, the agnosias and
apraxias, occur frequently (/). Pathologi-
cally, the SDAT brain is atrophic; the
characteristic histological findings are
numerous neuritic plaques and neurofi-
brillary tangles in the cortex and hippo-
campus (/). In the cerebral cortex of the
SDAT brain, there are decreases in cho-
linergic markers (2), catecholamines,
and somatostatin (3). In contrast to
SDAT, HD appears to be a subcortical
dementia (4). Pathologically, there is a

loss of neurons in the caudate and puta-
men, and many neurotransmitter sys-
tems appear to be affected (5).

Glutamate is the putative neurotrans-
mitter of both intracortical association
fibers and cortical efferents to many sub-
cortical structures, including the caudate
and putamen (6). Because glutamate and
some of its analogs are neurotoxic, it has
been proposed that abnormalities in glu-
tamate neurotransmitter function may
play a causal role in neurodegenerative
disorders such as HD and olivopontocer-
ebellar atrophy (7). By autoradiography,
we examined one aspect of the gluta-
matergic system—namely, the glutamate
receptor (8)—in sections of human
brains obtained post-mortem.

The brains from a series of patients
who had died with SDAT, HD, or no

Table 1. Affinity constants and numbers of high- and low-affinity quisqualate binding sites
(picomoles per milligram of protein) in brains from control and SDAT patients. Measurements
were made by autoradiography as described (8); values are means *+ standard error of mean;
n = 5 for both groups.

Affinity constant Binding sites

Donor . : .
High affinity Low affinity . . .
(nM) (1M High affinity Low affinity
Control 21 = 11 148 = 52 1.82 = 0.37 3.39 = 0.50
SDAT 75 =29 277 = 144 1.38 = 0.21 1.46 = 0.19*

*P < 0.01 (independent z-test).
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