boon and man; Corey et al. (8) showed
that the bisepoxide of squalene can be
enzymatically converted into the 24,25-
epoxide of lanosterol; and Shishibori et
al. (9) and Nelson et al. (10) demon-
strated that inhibition of cyclization of
squalene epoxide induced accumulation
of the bisepoxide. These reports suggest
that squalene bisepoxide may be a nor-
mal by-product of cholesterol biosyn-
thesis. Lanosterol epoxide is probably
converted to either 24- or 25-hydroxy-
cholesterol.

Both squalene bisepoxide (40 mg/kg)
and lanosterol-24,25-epoxide (5 mg/kg)
(16) affected the minor branches of the
pulmonary artery but not the major
branches. In view of a possible delayed
effect due to biogenesis, we examined
the pulmonary arteries of animals killed
10 days after the third injection of either
squalene bisepoxide or lanosterol epox-
ide. Both compounds caused a delayed
response that was grossly visible at 10
days in the major branches; microscopic
changes in the minor branches had pro-
gressed as shown in Table 1.

Kandutsch et al. (5) suggest that oxy-
genated sterols, not cholesterol, modu-
late the rate of biosynthesis of cholester-
ol. The data presented here show that
oxygenated sterols can be potent angio-
toxins and indicate that 25-hydroxy-
cholesterol may occur normally in vivo
a7).

Our data support the hypothesis that
oxygenated sterols have an important
role in causing injury of the arterial wall
and initiating atherosclerotic lesions.
They also indicate that feeding experi-
ments with cholesterol should be eval-
uated with caution when the purity of the
dietary cholesterol has not been con-
trolled. Further studies are warranted to
evaluate additional factors, such as high
plasma lipids, on the progression of basic
lesions induced by oxygenated sterols.
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v-Glutamyl Transpeptidase in Isolated Brain
Endothelial Cells: Induction by Glial Cells in vitro

Abstract. The endothelia of microvessels isolated from mouse brain by mechanical
means are rich in y-glutamyl transpeptidase; however, the enzyme often disappers
when the cells migrate or proliferate from the microvessel isolates. In an endothelial
cell line derived from similar isolates and negative for y-glutamyl transpeptidase, the
enzyme could be induced in the endothelial cells when they were cocultured with glial
cells. Thus there may be a requirement for continuous induction of y-glutamyl trans-
peptidase in brain microvessels by adjacent glial cells.

y-Glutamyl transpeptidase (y-GTP)
(E.C. 2.3.2.2) has been demonstrated
histochemically in brain capillary endo-
thelium, choroid plexus epithelium, and
in several extracranial locations, such as
the epithelial brush border of the proxi-
mal convoluted tubules of the kidney and
portions of intestinal epithelium (/).
We have found a similar distribution of
y-GTP-rich areas in the mouse; how-
ever, cerebral vascular endothelium is
the only endothelium in this animal that
contains histochemically detectable con-
centrations of y-GTP.

When mouse brain capillaries are iso-
lated by a mechanical dispersion and fil-
tration technique (5, 6), they retain high
concentrations of y-GTP in the endothe-
lium (Fig. l1a), yet the enzyme is often
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lost from the endothelial cells as they mi-
grate or proliferate from the microvessel
isolates. An endothelial cell line ME-2
(Fig. 1b), derived from similar mouse
isolates (6), is also negative for y-GTP
(Fig. 1c); however, the enzyme can be
induced in these endothelial cells by co-
culturing them with Cg rat glioma cells
(Fig. 1, d to f). The enzyme induction de-
pends on the density of Cs cells. Similar
y-GTP induction cannot be accom-
plished with cell-free conditioned medi-
um derived from Cg cells.

The possible role of y-GTP in the dif-
ferentiated function of blood-brain bar-
rier endothelium is of interest because
the enzyme is implicated in amino acid
transport: high concentrations of y-GTP
are associated with areas where high
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Table 1. Summary of culture conditions used in y-GTP induction experiments. Monolayers of
ME-2 endothelial cells on glass cover slips were cultured for various periods of time (resuits for
24 and 96 hours are given here) and under a variety of conditions. The ME-2 monolayers were
then subjected to enzyme histochemistry (see Fig. 1) and the reaction produced scored as (0)

not visible, (1) light, (2) moderate, and (3) heavy.

ME-2cell 24 9
culture condition hours hours
Cocultured upside down on x-irradiated Cs cells of 0,1 3
high density*
Cocultured nupside down on x-irradiated C; cells of low density¥ 0 0,1
Cocultured upside down on x-irradiated C cells but ' 0 0
separated from them by = 0.7 mm
Cocultured-upside up on x-irradiated Cs cells 0 0
Cocultured upside down on x-irradiated ME-2 cells 0 0
Culturéd upside down in an empty dish - 0 0
Cultured upside up (negative controls) 0 0
Cultured in 72-hour conditioned medium free of Cg cells 0 0

*That is, multilayered in plateau phase at the time of x-irradiation.

tExposure to cycloheximide reduces 3

to 1. {That is, in low, log phase, approaching a monolayer at the time of x-irradiation.

rates of amino acid transport occur. Sev-
eral lines of evidence (1, 2, 4), including
the demonstration that y-GTP can func-
tion as an integral part of the y-glutamyl
cycle (7) and that the y-glutamyl cycle
participates in amino acid transport, sup-
port this concept (8). Orlowski et al. (2)
have suggested that y-GTP may play a
role in the transfer of at least some amino
acids " across the blood-brain barrier.
However, it should be pointed out that
amino acid transport is only one of sev-
eral possible functions of y-GTP and
glutathione. '

In a true capillary in the central ner-

vous system, the endothelium and sur-
rounding glial cells are separated only by
a basement membrane. This unique ana-
tomical relationship is coincident with
the localization of the enzyme and the
selective amino acid barrier or transport
function. We hypothesize that it is the
glial cell that provides the inductive
force for endothelial y-GTP. We reason
that the cerebral endothelial y-GTP re-
quires an inductive force that is absent in
ME-2 monolayer cultures since (i) when
migrating and proliferating endothelial
cells from cerebral capillary isolates as
well as the endothelial cell line ME-2 are

isolated or removed from other cell
types, including glial cells, they are nega-
tive for v-GTP, and (ii) it is known that
this enzyme is inducible in other organs,
such as the liver. In addition, Savage et
al. (9) demonstrated that glial cells can
exert a tropic influence on human umbili-
cal cord endothelial cells by altering their
cytomorphology when in glial-endothe-
lial cocultures.

To test this hypothesis in vitro, a co-
culture scheme was used that focused on
two cell types, the ME-2 endothelial cell
derived from mouse brain microvessel
isolates (6) and the Cg glioma derived
from a rat glial tumor (I/0). In this
theme, Cq glioma cells were seeded in
petri dishes and were arrested by 6000 R
of x-irradiation after they had reached
the desired degree of confluency. These
feeder layers of Cs cells were used either
in coculture or to condition media. ME-2
cells were cocultured with Cg cells, ME-
2 cells, or in empty dishes as controls,
and were oriented upside up or upside
down for close cell-to-cell interaction.
All frozen sections, microvessel isolates,
and cell monolayers that were to be test-
ed histochemically for y-GTP were
placed on glass cover slips unless other-
wise mentioned. Histochemical determi-
nations for »-GTP were made on ace-
tone-fixed frozen sections, capillary iso-
lates, and cell monolayers by using -

Fig. 1. Enzyme histochemistry for y-GTP in isolated mouse brain capillaries (a) and in monolayers of mouse endothelial cells (ME-2) derived from
similar isolated brain capillaries (c to €); (b) unstained phase-contrast control. Acetone-fixed preparations were rinsed twice in distilled water and
incubated for 1.5 hours at 37°C in a reaction mixture of 0.5 mM y-glutamyl-4-methoxy-2-naphthylamide (substrate), 20 mM glycylglycine (accep-
tor), and 0.05 percent Fast Blue BB (indicator) in 25 mM PO, buffer saline (o H 7.4) containing 0.25 percent dimethyl sulfoxide. After the indicator
was chelated with 0.1M CuSOy, the preparations were mounted in Aqua-mount (Lerner). (a) Isolated mouse brain capillary positive for y-GTP;
(b) phase-contrast micrograph of a typical monolayer of ME-2 cells in late log phase; (c) a similar ME-2 monolayer negative for y-GTP; (d) ME-2
monolayer, cocultured upside down on x-irradiated Cs monolayers for 24 hours, showing a positive reaction for y-GTP; (¢) ME-2/C; coculture
similar to (d), except parts of the Cs monolayer were removed prior to coculture. The ME-2 cells in the upper part of this frame (which overlay Cq
cells) were positive for y-GTP, whereas ME-2 cells in the lower part of the frame (which overlay a C; cell-free area) were negative for the enzyme;
(f) after ME-2 monolayers were cocultured with Cs cells for 24 hours, the ME-2 cells were separated from the Cs cells and maintained for an
additional 72 hours as a single cell type. The enzyme is still present (scale bars, 50 um).
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glutamyl-4-methoxy-2-naphthylamide, gly-
cylglycine (free base), and Fast Blue BB
as artificial substrate, peptide accep-
tor, and indicator, respectively (/7).

In cocultures in which ME-2 cells
were incubated upside down on Cs cells,
v-GTP could be demonstrated in ME-2
cells within 24 hours (Fig. 1d). When the
length of coculture incubation or the
number of Cg cells in the feeder layer or
both were varied, the appearance and in-
tensity of y-GTP reaction were depen-
dent on time and C; cell density. The en-
zyme concentration, as indicated by in-
tensity of staining, increased with
increasing incubation time and, for a
standard induction period (24 or 96
hours), the enzyme concentration in-
creased with increasing Cs cell density.
If cycloheximide (100 ug/ml) was present
during coculture conditions that would
normally give a high concentration of -
GTP in ME-2 cells, the enzyme concen-
tration could be reduced (Table 1); how-
ever, the enzyme was never.completely
abolished. In similar ME-2/C¢ cocultures
in which parts of the C; monolayer were
removed prior to coculture, the enzyme
was detectable only in ME-2 cells that
lay directly over Cg cells; ME-2 cells that
lay over empty areas of the dish were
negative for y-GTP (Fig. le). This result
indicates that an intimate relationship is
needed between the two cell types in or-
der to induce the enzyme in the ME-2
cells.

In other experiments, the ME-2/Cg co-
cultures were separated after 24 hours
and the ME-2 cells maintained as a single
cell type for various periods of time after
being cocultured; the enzyme was shown
to persist for at least 72 hours after co-
culture (Fig. 1f). However, in ME-2
monolayers 72 hours after coculture,
there began a disappearance of y-GTP on
a per cell basis at a time coincident with
renewed proliferation in the ME-2 cells.
We interpret this to indicate that y-GTP
needs constant induction. All other co-
culture conditions used did not induce y-
GTP (Table 1).

We propose that the brain capillary
endothelial cells require an inductive
force to maintain high levels of y-GTP
activity. In coculture the glial cell can
provide such an inductive force to the
ME-2 cells, provided the two cell types
are in close contact, a relationship that
mimics the microanatomy in vivo. To
our knowledge, this is the first demon-
stration of the glial cell inducing an en-
zyme in another cell type. This type of
cellular interaction may be crucial to the
normal development of the blood-brain
barrier. It should be noted that the induc-
tion process is not species-specific, since
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the Cs glial cells are of rat origin whereas
the ME-2 vascular endothelial cells are
isolated from the mouse. These findings
pose many interesting questions related
to mechanisms of interaction between a
variety of cell types.
LAWRENCE E. DEBAULT
PASQUALE A. CANCILLA
Department of Pathology and
Arteriosclerosis Specialized Center
of Research, College of Medicine,
University of lowa, lowa City 52242
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Electrophysiological Signs of Split-Second Decision-Making

Abstract. When young adults detected auditory stimuli at split-second intervals,
different components of the event-related brain potentials showed markedly different
speeds of recovery. The P3 component (latency 300 to 350 milliseconds) was fully
recovered at intervals of less than 1.0 second, while the N,-P, components (latencies
100 to 180 milliseconds) were markedly attenuated with stimulus repetition even at
longer interstimulus intervals. Thus, the N-P, recovers much more slowly than a
subject’s ability to evaluate signals, whereas the Ps; appears to be generated at the
same high rates as the decision processes with which it is associated.

Stimuli in all modalities elicit a succes-
sion of time-locked electrical waves from
the human brain that can be recorded at
the scalp as the evoked potential or
event-related potential (ERP). The ear-
lier waves in the ERP are generally re-
garded as exogenous or stimulus-bound,
because their properties are determined
primarily by the physical attributes of
the stimulus. A number of components
with longer latencies (including the Ps
wave at 300 to 500 msec) are highly sen-
sitive to the processing demands of the
task; these are considered to be endoge-
nous in that they reflect cognitive opera-
tions triggered by relevant or significant
stimuli (/).

Attempts to correlate human ERP
components with specific psychological
processes have met with varying suc-
cess. In the case of exogenous ERP’s,
many of the psychophysiological rela-
tionships that have been reported are se-
verely disrupted when the rate of stimu-
lus delivery is changed (2). For example,
the amplitudes of the long-latency com-
ponents of the auditory evoked potential
(N; and P, occurring at 100 and 180
msec, respectively) covary with per-
ceived loudness when the interstimu-
lus interval (ISI) is constant (3); how-
ever, shortening the ISI below about
10 seconds progressively reduces N, and
P, amplitudes without a corresponding

change in loudness ) or reaction time
o).

The temporal recovery properties of
endogenous ERP components have not
yet been systematically investigated. In-
sofar as they index human cognitive pro-
cesses, however, they should exhibit
short refractory periods or recovery cy-
cles like those of the cognitive opera-
tions with which they are associated.

We have examined the recovery prop-
erties of the P; wave, a long-latency (300-
to 500-msec) endogenous potential asso-
ciated with cognitive operations like de-
cision-making, stimulus evaluation, and
sensory detection (/, 2). We now report
that the P; wave exhibits a recovery
cycle that parallels the speed with which
accurate decisions can be made in a sig-
nal-detection paradigm, a recovery cycle
much shorter than those reported for
other long-latency ERP components.

We elicited sequences of Py’s by re-
quiring subjects to tally near-threshold
or suprathreshold (70-dB sound level)
tones presented at short ISI’s. As many
as three such tones (all 1.0 kHz and 50
msec long) could be presented on a
single trial during a 1200-msec interval
©).

Each trial began with a faint warning
flash, which was followed by three posi-
tions where tones might or might not be
presented, according to a random sched-
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