Fig. 3. Ocular dominance distributions of cells
recorded within 15° of the representation of
the vertical meridian in areas 17 and 18 of
homozygous cats and of heterozygotes for
albinism. Relatively few cells in areas 17 and
18 of heterozygotes are activated binocularly.

as the representation of the visual field in
the LGNd and visual cortex, are abnor-
mal in normally pigmented cats that are
heterozygous for a recessive allele for
tyrosinase-negative albinism. The retinal
abnormalities we observed are similar to
but less extreme than those reported for
homozygous tyrosinase-negative albino
and Siamese cats (3, 6, 8, 10). The abnor-
mal representation of the visual field in
areas 17 and 18 was close to the border
between them. This is reminiscent of the
pattern observed in the ‘‘Boston varie-
ty”’ of Siamese cats (2-4).

Our findings can be interpreted as evi-
dence that the cause of the misdirected
retinal projections in hypopigmented in-
dividuals is not related to reduced pig-
ment in the retina but rather to some
other unknown effect of a gene for albi-
nism. However, the exact amount of
retinal pigment in heterozygotes has not
been quantified; it is possible that het-
erozygotes have a reduction in retinal
pigment not revealed by qualitative in-
spection. Also, it may be that the time
course of pigment production during de-
velopment or some other effect of mela-
nin pigment, not the amount of pigment
produced, is critical for misrouting of
retinal axons at the optic chiasm. Addi-
tional research is needed to clarify the
mechanisms responsible for the visual
system defects associated with albinism.

There are six well-characterized types
of human oculocutaneous albinism, and
evidence for several other types (I12).
Most common are types IA (tyrosinase-
negative) and II (tyrosinase-positive).
The frequency of type IA albinism in the
United States is approximately 1:39,000
in the white population and 1:28,000 in
the black population. The heterozygote
frequency for this type of albinism is
approximately 1 percent in the total pop-
ulation. The frequency of type II albi-
nism is a little higher. Normally pigment-
ed heterozygous individuals for these
two types of albinism constitute approxi-
mately 2 percent of the population. If
anomalies are also found in heterozy-
gotes for type II albinism, then the fre-
quency of individuals with abnormal op-
tic projections would exceed 2 percent of
the population (/3). Thus our results
suggest that visual anomalies similar to
those in albinos may be present in the 1
to 2 percent of the human population
carrying a recessive allele for albinism
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(12). While the functional significance of
these abnormalities remains to be deter-
mined, the abnormal visual field repre-
sentation and relatively low proportion
of binocular cells in striate and extras-
triate cortex of the heterozygote suggest
an adverse effect on binocular depth
perception (/4). The presence of marked
abnormalities in the heterozygote indi-

cate that congenital nervous system de-
fects associated with albinism (/5), and
possibly other genetically determined
abnormalities, are far more widespread
than previously believed.
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Glucocorticoids Potentiate Ischemic Injury to Neurons:

Therapeutic Implications

Abstract. Sustained exposure to glucocorticoids, the adrenocortical stress hor-
mones, is toxic to neurons, and such toxicity appears to play a role in neuron loss
during aging. Previous work has shown that glucocorticoids compromise the
capacity of neurons to survive a variety of metabolic insults. This report extends
those observations by showing that ischemic injury to neurons in rat brain is also
potentiated by exposure to high physiological titers of glucocorticoids and is
attenuated by adrenalectomy. The synergy between ischemic and glucocorticoid
brain injury was seen even when glucocorticoid levels were manipulated after the
ischemic insult. Pharmacological interventions that diminish the adrenocortical
stress response may improve neurological outcome from stroke or cardiac arrest.
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Glucocorticoids (GS’s) are secreted by
the adrenal cortex in response to stress;
in adults they increase circulating energy
substrates, stimulate cardiovascular

tone, alter cognition, and inhibit costly
anabolism such as growth, reproduction,
and the immune and inflammatory re-
sponses (I). Although such actions are
central to successful adaptation to acute
physical stress, prolonged stress or
hypersecretion of GC’s has deleterious
consequences, including myopathy, ste-
roid diabetes, hypertension, infertility,
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and immunosuppression (2). It has be-
come apparent that excessive GC’s are
also toxic to neurons because pharmaco-
logical doses of GC’s produce hippocam-
pal damage in the rat (3). Furthermore,
the hippocampus loses neurons with age
(4-7), and GC’s are implicated in this
process because adrenalectomy at mid-
age prevents the loss of neurons while
prolonged exposure to elevated GC titers
exacerbates it (5, 6). The hippocampus is
preferentially sensitive to these steroid
effects, perhaps because it contains the
highest concentration of GC receptors of
any brain region.

Recent work has examined the mecha-
nisms of GC neurotoxicity in the hippo-
campus. Two neurotoxins that preferen-
tially damage the hippocampus by differ-
ent mechanisms—Kainic acid, an excito-
toxin, and 3-acetylpyridine, an anti-
metabolite—are both more damaging in
rats exposed to high GC titers and less
damaging in adrenalectomized rats (8).
This suggests that the highly catabolic
GC’s induce a general metabolic vulner-
ability in these neurons and thus com-
promise their ability to survive various
toxic insults (8). In the present report,
we have extended these observations by
demonstrating that elevated GC titers
enhance and adrenalectomy attenuates
ischemic damage to brain neurons.

Experimental and clincial ischemic
brain damage can present several dis-
tinct morphological patterns depending
on the particular conditions of the hy-
poxia-ischemia (9, 10). Cerebral infarc-
tion, which is typically associated with
prolonged, focal brain ischemia, is char-
acterized by irreversible damage to neu-
rons, glia, and other supporting cell
types in brain. In contrast, transient
global ischemia, such as that accompa-
nying cardiac arrest and resuscitation,
principally injures specific populations
of neurons known to be highly vulnera-
ble to ischemia. The pyramidal cells in
the CAl1 zone of the hippocampus, small-
and medium-sized neurons in the stria-
tum, neocortical neurons in layers 3,5,
and 6, and the cerebellar Purkinje cells
are among those neurons most suscepti-
ble to ischemic injury. We elected to test
the effect of GC’s in an animal model of
ischemia in which only populations of
selectively vulnerable neurons are in-
jured (10, 11) so that the interaction
between ischemia and GC’s could be
compared in populations of neurons with
high or low concentrations of GC recep-
tors.

Male Wistar rats weighing 250 to 350 g
were deprived of food overnight and
then subjected to 20 minutes of forebrain
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ischemia by means of the four-vessel
occlusion method (/7). Blood flow was
reestablished to the brain by release of
the carotid artery clasps, and the rats
were randomly divided into three
groups. (i) Ten animals were sham-adre-
nalectomized and injected subcutane-
ously with 10 mg of corticosterone (the
GC of the rat) at the time of reperfusion
and every 24 hours thereafter (CORT
group). Corticosterone was dissolved in
sesame oil, which releases the steroid
slowly and elevates circulating titers for
up to 20 hours (6) to levels observed after
major stress. (ii) Ten rats were adrenal-
ectomized within 3 minutes of reperfu-
sion and allowed free access to 0.9 per-
cent NaCl solutions as drinking water
(ADX group). Given a half-life of circu-
lating corticosterone of approximately 15
minutes (12), blood titers would be be-
low 1 pg per 100 ml within 90 minutes of
adrenalectomy, even in rats subjected to
the stress of ischemia. (iii) Ten rats were
sham-adrenalectomized and injected
subcutaneously with vehicle [intact
group (INT)]. Two rats each from the
CORT and INT groups and three rats
from the ADX group developed seizures
after cerebral reperfusion and died; all
remaining animals showed no behavioral
signs of convulsions.

At 72 hours after cerebral reperfusion,

CA1
Hippocampus**

CA3
Hippocampus**

CA4
Hippocampus**

Fr

Striatum*
NN, 8

Normal Mild B Severe
Fig. 1. Regional brain damage in rats subject-
ed to 20 minutes of forebrain ischemia and 72
hours of postischemia reperfusion. Abbrevia-
tions: ADX, adrenalectomized rats (n = 7);
INT, intact rats (n = 8); CORT, corticoste-
rone-treated rats (n = 8). Brain damage is
expressed as the percentage of total hemi-
spheres (ADX, 14; INT, 16; CORT, 16) that
were normal (grade 0) or had mild (grade 1) or
severe (grades 2 to 3) damage. (*) P < 0.05,
(**) P < 0.01 indicate a significant treatment
effect (two-tailed x? analysis).

the animals were killed either by decapi-
tation or by perfusion-fixation with form-
aldehyde-acetic acid-methanol (1:1:8).
Both sets of brains were processed, sec-
tioned, and stained (/3) for examination
with a light microscope. Regional neuro-
nal injury was graded independently in
each hemisphere without examiner
knowledge of the experimental condi-
tions on a scale of 0 to 3, where 0
represents normal brain, 1 represents 1
to 10 percent damaged neurons, 2 repre-
sents 11 to 50 percent damaged neurons,
and 3 represents greater than 50 percent
damaged neurons (11, 14, 15). Irrevers-
ible damage was concluded to have oc-
curred in neurons showing ischemic cell
change or homogenizing change (9). A x?
analysis of the numbers of hemispheres
showing each category of damage was
used to determine whether there was an
overall treatment effect. Mann-Whitney
tests with correction for tie scores were
then used to determine whether this was
due to corticosterone administration or
to adrenalectomy.

In all brain regions examined, the se-
verity of damage after hypoxic-ischemic
injury varied significantly as a function
of corticosterone levels (two-tailed x*
test; P < 0.05 for striatum, P < 0.01 for
all other brain regions) (Figs. 1 and 2).
Prolonged elevation of corticosterone ti-
ters to a level observed during major
stress significantly enhanced damage
(relative to intact animals) in the subicu-
lum, CA3 and CA4 zones of the hippo-
campus, and neocortex (two-tailed
Mann-Whitney test; Z = 2.2, 2.6, 2.9,
and 3.2, respectively; P < 0.05, 0.01,
0.01, and 0.01, respectively). Compari-
sons were made in anterior dorsal hippo-
campus; data from posterior dorsal hip-
pocampus were quantitatively similar.
Conversely, adrenalectomy in the imme-
diate aftermath of ischemia was protec-
tive of neurons because ADX rats had
significantly less damage compared to
intact animals in the subiculum, CAl and
CA4 zones of the hippocampus, dentate
gyrus, and striatum (Z = 2.2, 2.5, 2.3,
2.6, and 2.5, respectively; P < 0.05,
0.05, 0.05, 0.01, and 0.05, respectively).

A number of possible mechanisms by
which glucocorticoids could endanger
neurons in the aftermath of hypoxia-
ischemia can be eliminated. Differences
in the severity of ischemia between the
three groups of animals cannot account
for the corticosteroid effect because the
animals were randomized and the GC
levels manipulated after cerebral recircu-
lation. The effect of altered circulating
CG’s on cerebral blood flow in animals
after ischemia is currently unknown.
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However, physiological  variables
showed only minor (arterial oxygen ten-
sion) or nonsignificant differences (mean
arterial pressure, carbon dioxide ten-
sion, pH, body temperature, and hemat-
ocrit) between rats given corticosterone
or adrenalectomy after ischemia (/6).
These data suggest that the observed
corticosteroid effect is not attributable to
altered respiratory or cardiovascular
mechanisms. Finally, GC-induced hy-
perglycemia (/6) is unlikely to be an
important factor in this phenomenon be-
cause elevation of blood and brain glu-
cose levels after reperfusion of previous-
ly ischemic brain does not alter the se-
verity of ischemic brain damage (/4).
Whether the augmentation of ischemic
brain injury by corticosterone is recep-
tor-mediated is unclear. GC receptors
are concentrated in the hippocampus
more heavily than in other brain regions
(17), and there is evidence that their
concentrations correlate with the capaci-
ty of GC’s to modulate neuronal injury
through kainic acid and 3-acetylpyridine
(8). However, our results show that,
although GC potentiation of ischemic
injury was most pronounced in the hip-
pocampus, GC’s also modulated damage
in the striatum and neocortex, which are
regions with low to moderate concentra-
tions of GC receptors (17, 18). It is
possible that, after transient ischemia,
surviving neocortical and striatal neu-
rons are sufficiently compromised that
even minimal receptor-mediated GC ef-
fects could tip the balance toward irre-
versible injury. Alternatively, GC’s may
act on injured neurons in a non-receptor-
mediated fashion (for example, by being
incorporated into cell membranes and
altering membrane fluidity or resist-
ance). Although precedence for such GC
action exists, it is considered to repre-
sent only a minor route of action (/9).
Regardless of the precise mechanisms
of action, GC’s appear to induce a gener-
al vulnerability in brain neurons because
they impair the ability of neurons to
survive after various metabolic insults,
including injections of kainic acid and 3-
acetylpyridine. Kainic acid is thought to
interact with the glutamate neurotrans-
mitter system, and 3-acetylpyridine dis-
rupts the electron transport chain and
inhibits synthesis of adenosine triphos-
phate (ATP). Ischemic injury to neurons
is likely to result from a combination of
molecular abnormalities including ATP
depletion (20), disturbed excitatory ami-
no acid effects (10, 21), and accumula-
tion of intracellular calcium (20, 22).
With regard to the last abnormality, cor-
ticosteroids may influence calcium influx
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at the synapse (23) and thereby modulate
postsynaptic neuronal injury.

Ischemic injury to selectively vulnera-
ble neurons in animals progresses for
many hours (in the striatum) to days (in
the neocortex and hippocampus) after
the restoration of cerebral blood flow
(15). The implication of these data is that
neurons remain viable for prolonged pe-
riods after transient ischemia and even-
tually succumb to events initiated by
reperfusion of the brain. Our results sup-
port this notion in that modification of
GC titers after the ischemic interval sig-
nificantly altered the final outcome of
brain injury.

A number of clinical implications
emerge from this study. Glucocorticoid
treatment of ischemic brain infarction
and edema in experimental animals and
in humans has in most instances showed
no beneficial effect (24); in several in-
stances the outcome was worse in the
GC-treated subjects (24). Our results in-
dicate that GC’s must be used with the
greatest caution in the clinical treatment
of ischemic brain edema.

The nature of the experimental brain
injury reported here is similar to the
brain injury associated with cardiac ar-
rest and resuscitation. It was shown that
the stress of focal brain ischemia (stroke)
elevated circulating GC levels (25), and it
is likely that stress in the aftermath of
global brain ischemia (cardiac arrest) will
do the same. Thus, what is currently
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Fig. 2. Representative low-power photomi-
crographs of dorsal hippocampus from ani-
mals in the ADX(A) and CORT(B) groups
subjected to 20 minutes of forebrain ischemia
and 72 hours of postischemic reperfusion. The
pyramidal zones CAl, CA3, and CA4 are
labeled; DG, dentate gyrus. Neurons were
mostly preserved (grade 1) in the CA1 zone in
(A) and were virtually completely lost (grade
3) in (B). These sections were taken from
brains fixed in formaldehyde-acetic acid-
methanol and stained with cresyl violet.

viewed as ‘‘expected’’ neuronal damage
in response to focal or global ischemia
may, in fact, represent ischemic damage
worsened by the acute hypersecretion of
glucocorticoids. Should our finding that
the GC milieu can modify brain injury
minutes to hours after transient ischemia
prove to be relevant to humans, then
transient inhibition of corticosteroid syn-
thesis or treatment with GC-receptor an-
tagonists may be effective in lessening
clinical brain damage from stroke or car-
diac arrest.
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Persistent Noncytopathic Infection of Normal Human
T Lymphocytes with AIDS-Associated Retrovirus

Abstract. Infection of normal peripheral blood T cells by the acquired immune
deficiency syndrome (AIDS)-associated retrovirus (ARV) was evaluated in long-
term cultures of helper-inducer T cells (T4 cells). Cells that were inoculated with
ARV and maintained in medium supplemented with interleukin-2 remained produc-
tively infected with this virus for more than 4 months in culture, although they
showed no cytopathic effects characteristic of acute ARV infection. The presence of
replicating virus was demonstrated by reverse transcriptase activity of culture fluids
and by viral antigens and budding particles detected on cells by immunofluorescence
and electron microscopy. Virus produced in these cultures remained infectious and
could induce cytopathic effects and viral antigens in uninfected lymphoid cells. The
finding that normal lymphocytes may be productively infected by an AIDS retrovirus
in the absence of cell death suggests that a range of biologic effects may occur after

infection in vivo.
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A group of newly recognized human
retroviruses termed lymphadenopathy-
associated virus (LAV) (7), human T-cell
lymphotropic virus type III (HTLV-III)

(2), or AlDS-associated retrovirus
(ARY) (3) has been strongly implicated
in the etiology of the acquired immune
deficiency syndrome (AIDS). This dis-
ease is clinically characterized by the
progressive loss of T lymphocytes of the
helper phenotype (T4 lymphocytes), as
defined by the monoclonal antibodies
OKT4 or Leu-3a (4). These AIDS-asso-
ciated retroviruses have shown a tropism
for T4 lymphocytes in vitro, possibly
through a specific interaction with the
62,000 molecular weight glycoprotein
antigen CD4 (5-8). Infection of T4 cells
with these viruses results in cell death.
This observation supports the role for
these viruses in the pathogenesis of
AIDS (3, 5, 9). However, in view of the
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Fig. 1 (left). Persistance of ARV infection in cultures of T4 lymphocytes (15). Results of a representative experiment are shown.
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prolonged period between viral exposure
and disease (10), as well as the functional
abnormalities in isolated T4 cells from
patients with AIDS (/1), the possibility
exists that noncytotoxic infection of T4
cells may also occur. Such an observa-
tion has been made for established T-cell
lines (3, 9). To evaluate more fully the
range of biologic effects that follow viral
infection, we evaluated infection of nor-
mal human T4 lymphocytes by ARV and
report the stable production of this virus
in long-term cultures of these cells.

The experimental conditions and re-
sults are summarized in Fig. 1. T lym-
phocytes were enriched for T4 cells by
affinity chromatography and cultured in
phytohemagglutinin (PHA) for 3 days.
Cells were then incubated for 4 hours
with filtered fluid containing ARV-2 (3,
12), washed, and suspended in medium
supplemented with lectin-free interleu-
kin-2 (IL-2; 10 percent by volume). Cy-
topathic effects, including the presence
of multinucleated cells and degenerative
cellular forms characteristic of acute
ARV (or HTLV-IIVLAYV) infection (3, 5,
9), were observed between 5 and 12 days
after the addition of virus. The presence
of retrovirus was documented during this
period both by reverse transcriptase
(RT) activity in culture supernatants and
by ARV antigens detected in lympho-
cytes by immunofluorescence (IFA) (3,
12); for the latter assay, serum from a
patient with AIDS-related complex was
used as a source of antibody. Up to 35
percent of cells showed viral antigens by
IFA at this time. Simultaneously, more
than 90 percent of these lymphocytes
ceased to react with the OKT4 monoclo-
nal antibody, as has been described for
other T4-positive lymphocytes and cell
lines infected with the AIDS retrovirus
(5, 6, 12). Control (uninfected) T4 cells
cultured under identical conditions con-
tinued to show more than 85 percent

Fig. 2 (right).
Electron micrograph of ARV-infected T4 cells from long-term cultures. T cells 93 days after infection with ARV-2 are shown (x 90,000); the
numerous budding and mature particles are characteristic of ARV.
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