clusions (Fig. 1, b to d). These cells
contained oil red O-stained lipid droplets
(Fig. 1a) similar to the oil red O-stained
~ lipid droplets that accumulate in smooth
muscle cells within atherosclerotic le-
sions (5, 6). Examination of the cultured
smooth muscle cells, prepared for elec-
tron microscopic analysis as described
(11), revealed that non-membrane-bound
lipid droplets had accumulated. Addition
of increasing numbers of platelets
(7.5 x 108, 15 x 10%, and 30 x 10® per
culture) resulted in increasing amounts
of cholesteryl ester within cells. The
response of nonconfluent cultures of
smooth muscle cells was similar to that
of confluent cultures. No lipid inclusions
accumulated in smooth muscle cells
from cultures incubated with unactivated
platelets (that is, in the absence of
thrombin) (Fig. 1, e and f) or from cul-
tures incubated with thrombin in the
absence of platelets (data not shown).

The possibility that thrombin-activat-
ed platelets release a factor that induces
cholesteryl ester lipid droplet accumula-
tion in smooth muscle cells was tested.
Washed platelets (30 x 10® in 0.5 ml of
DPBS plus glucose) were added to 3.5 ml
of MEM containing 0.35 percent bovine
serum albumin in single-well slide cham-
bers. These platelet cultures were incu-
bated with or without thrombin for 24
hours in the absence of smooth muscle
cells. Supernatants from these cultures
were collected and then centrifuged at
1000g for 3 minutes and filtered (0.4 pm
pore) to remove all platelets. These
platelet-free supernatants when added to
and incubated for 24 hours with smooth
muscle cells caused cholesteryl ester lip-
id droplet accumulation (Fig. 1, g and h).
Supernatants centrifuged at 10,000¢ for
10 minutes also induced cholesteryl ester
lipid droplet accumulation in smooth
muscle cells. Supernatants from platelets
incubated without thrombin and then
added to and incubated with smooth
muscle cell cultures did not promote
cholesteryl ester lipid droplet accumula-
tion (Fig. 1, i and j).

Supernatants from platelets incubated
with thrombin for increasing lengths of
time (0.5, 1, 3, or 24 hours) before being
added to and incubated for 24 hours with
smooth muscle cell cultures promoted
progressively increasing amounts of cho-
lesteryl ester lipid droplet accumulation.
However, supernatants from platelets in-
cubated with thrombin for 48 hours be-
fore addition to smooth muscle cell cul-
tures did not promote greater lipid drop-
let accumulation than did supernatants
form platelets incubated with thrombin
for 24 hours.

Addition of the cholesterol synthesis
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inhibitor mevinolin (10 pM) (I2) to
smooth muscle cell cultures incubated
with thrombin-activated platelets did not
diminish cholesteryl ester lipid droplet
accumulation. Hence, cholesteryl ester
lipid droplet accumulation does not ap-
pear to depend on de novo cholesterol
synthesis. Also, since platelet-free su-
pernatants could induce cholesteryl ester
lipid droplet accumulation, lipid droplet
accumulation did not result simply from
endocytosis of activated platelets by the
smooth muscle cells. It is possible that
thrombin-activated platelets release cho-
lesterol in some form that can be taken
up by smooth muscle cells and stored as
cholesteryl ester lipid droplets. This pos-
sibility is supported by previous studies
that showed release of cholesterol-con-
taining lipoprotein complexes from
thrombin-activated platelets (13, 14).

In addition to accumulating in smooth
muscle cells, cholesterol accumulates
within macrophages in atherosclerotic
lesions. Furthermore, thrombin-activat-
ed platelets cause cholesteryl ester accu-
mulation within cultured macrophages
(15). Thus, platelet-mediated cholesteryl
ester lipid droplet accumulation in mac-
rophages and vascular smooth muscle
cells may be related to cellular cholester-
ol accumulation in these cells within
atherosclerotic lesions.

Induction of vessel-associated thrombi
in experimental animals is associated
with the development of lipid-containing
atherosclerotic lesions (/6-20). This oc-
curs even when serum cholesterol levels
are not high. Lesion development is in-
hibited in these animals when they are
made thrombocytopenic (20).

The possible role of platelets in pro-
moting smooth muscle cell proliferation
within atherosclerotic lesions was recog-
nized earlier (21). Since it has now been
shown that platelets can mediate choles-

teryl ester lipid droplet accumulation
within cultured vascular smooth muscle
cells, the possible role of platelets in
cholesterol accumulation within athero-
sclerotic lesions must be considered in
evaluating the pathogenesis of athero-
sclerosis.

HowaRrD S. KRUTH
Laboratory of Experimental
Atherosclerosis, National Heart,
Lung and Blood Institute,
National Institutes of Health,
Bethesda, Maryland 20205
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Auditory Midbrain Responses Parallel

Spectral Integration Phenomena

Abstract. Resolving the frequency components of complex sound spectra includ-
ing speech is an inherent, important accomplishment of the auditory nervous
systems of vertebrates. The critical perceptual unit in the frequency domain, the
critical bandwidth, has a simple functional equivalent within the principal midbrain
auditory nucleus—the central nucleus of the inferior colliculus.

The study of the resolution and inter-
action of components of complex sound
spectra has been essential for under-
standing the basis of the perception of
frequency spectra, for example, in
speech, in music, and in animal vocaliza-
tions (/). Frequency resolution in the

auditory system has been defined in vari-
ous psychophysical tests. Common mea-
sures obtained are frequency bandwidths
crucial for the perception of the quality
of the sound stimulus, called ‘‘critical
bands.”” Critical bands have been de-
scribed as ‘‘filters’’ in the auditory sys-
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tem that divide a sound spectrum into
units of perception (2). The perceived
sound quality changes when information
distributed within critical band filters is
altered. For example, (i) loudness sum-
mation of sound components occurs only
within a critical band (3); (ii) noise effec-
tive in masking a tone is concentrated
within a critical band of frequency
around the tone frequency (2); (iii) phase
relationships of an amplitude-modulated
sound are detected only when spectral
components are within a critical band
(4); (iv) the transition from consonance
to dissonance in a tone complex arises
with frequency separations of compo-
nents on the order of a critical bandwidth
(5); (v) categorical changes in identifica-
tion of speech sounds and animal vocal-
izations occur when component frequen-
cy ratios vary by a distance roughly
corresponding to a critical bandwidth
(6); and (vi) sound lateralization images
are fused only when input component
frequencies fall within a critical band-
width (7).

Surprisingly, neither the location nor
the nature of neurophysiological mecha-
nisms accounting for critical bandwidth
phenomena are well understood. Several
simple indices of neural response would
be expected to be evident at sites of
origin of critical bandwidths. First are
the predicted bandwidiths themselves
and a long-defined relationship between
bandwidths and their center frequencies
(1-3, 8, 9). Second, filter bandwidths are
independent of stimulus intensity up to
high sound pressure levels (2, 7). To
determine the sites of origin and basic
nature of the neural representation of
critical band information, these two
properties have been studied initially in
the principal auditory nucleus in the mid-
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brain, the central nucleus of the inferior
colliculus (ICC). Input from the auditory
nerve cannot account for the indepen-
dence of critical band phenomena from
loudness (10, 11). Information is distrib-
uted from the auditory nerve to many
nuclear subdivisions and nuclei. All con-
verge in projection to the ICC (12). Thus,
if it is accepted that critical bandwidth
phenomena are not completely account-
ed for in the responses of auditory nerve
fibers, then either frequency resolution
measured in hearing tests is a product of
many different, parallel neural process-
ing pathways (which seems unlikely), or
it arises at or above this first convergent
auditory center.

This study includes data from 73 quan-

4] A CF< 3kHz [}
.
] . .
. ¥ ) :
o $ .
4 . 3 .
~ 0.5 % - .
2 ] H - .
x <
z 0.2 . .
° - ¢
3 0.1 .
2 T T T T
o
Fel
T 20 B 3<CF<34kHz .
S 10 & - P 4
= . o .i
: =
o] # X * 2
= T 0
- o .~
. .
. .
1 + T T

20 40 60 80

Tone level above threshold (dB)

Fig. 2. Critical bandwidths of single units in
the ICC plotted as a function of the tone
intensity above response thresholds for neu-
rons with characteristic frequencies below (A)
or above (B) 3 kHz.

titatively studied single neurons located
in the ICC of seven adult cats (I13). To
facilitate comparison with psychophysi-
cal measurements in cats (9), we used
the same stimuli and a procedure similar
to that used in behavioral measurements
of critical bands. After a neuron’s char-
acteristic frequency (CF) was defined,
tonal pulses were delivered in the pres-
ence of continuous broadband noise.
Noise intensity was increased until the
neural responses to tones were no longer
detectable (10, 13). This masked thresh-
old of the neural response to tones by
broadband noise was defined at tone
levels 20, 40, 60, and 80 dB (relative to 20
wPa) above neural response thresholds
at CF.

At the masked threshold for a tone of
given intensity, the noise was then band-
pass filtered (48 dB per octave slopes)
and the upper and lower cutoff frequen-
cies changed to create a progressively
narrower noise band around the tone.
The objective was to define the critical
bandwidth at which a response to the
tone again emerged. To evaluate the
intensity independence of critical band
measures, they were derived, again, at
20, 40, 60, and 80 dB above their CF
thresholds.

The frequency dependence of single-
unit critical bandwidths at all intensities
is shown with behaviorally obtained val-
ues (9) in Fig. 1. In this log-log plot,
bandwidths of neural and psychophysi-
cally defined critical band filters increase
systematically as a function of the center
frequency of the filters. The regression
lines of both sets of data indicate a
statistically significant correlation (P
< 0.001), and as slope values are similar,
we conclude that the frequency depen-
dence of critical bandwidths in the audi-
tory midbrain (ICC) is essentially the
same as that measured in the behaving
animal. The wider-than-behavioral esti-
mation of critical bandwidths for many
studied neurons shows that behavioral
masking requires overmasking for most
individual neurons, as it must result in
the complete masking of the population
least sensitive to it. Consistent with this
view, behavioral bandwidths coincided
with the narrowest defined neural val-
ues. When the average neural data were
adjusted for overmasking (/4), behavior-
al and neural regression lines closely
overlie one another.

For neurons with CF’s below and
above 3 kHz, neural critical bandwidths
are independent of sound intensity (Fig.
2). No significant differences among the
values as a function of intensity could be
detected (Mann-Whitney U test), and a
regression analysis revealed no signifi-
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cant correlation between bandwidth and
intensity. Thus, we conclude that the
independence of stimulus intensity and
behaviorally measured critical band-
widths up to about 80 dB (7) is paralleled
by independence of stimulus intensity
and the averaged neural filter band-
widths recorded in the ICC.

Our data indicate that two key indices
of the frequency resolving capability of
the auditory system, namely critical
bandwidth as a function of frequency and
intensity independence of critical band
measures, also describe the frequency-
selective responses of ICC neurons (15).
These results have several important im-
plications for auditory signal processing
in the brain and for sound perception in
general. First, a frequency dependence
of auditory filter bands with a general
form similar to that shown in Fig. 1 is
recorded for auditory nerve fibers (/1,
16). However, numerical values of criti-
cal bandwidths of cochlear nerve fibers
defined with these simultaneous masking
techniques are only about 1/3 the psy-
chophysically determined critical band-
width (9, 11), and response filtering in
the nerve is not independent of intensity
(10, 16). The interaction phenomena un-
derlying these properties probably arise
at the level of the ICC. Alternatively, the
lateral inhibition required to establish
these phenomena is effected on the mani-
fold parallel pathways to the ICC. That
would seem unlikely. Neuroscientists
have puzzled over the significance of the
complex convergence of inputs of many
auditory nuclei (more than ten) to the
ICC (12). Our data indicate that critical
bandwidth phenomena are established,
within this nucleus, for all of these in-
puts. That explains how critical band
phenomena apply in a similar way to
sound processing in very different per-
ceptual domains, for example, for the
representation of pitch, loudness, the
recognition of complex spectra, and in
sound localization.

For any given frequency, a range of
critical bandwidths was recorded for dif-
ferent neurons. The significance of this
finding is indicated by recent studies
revealing an orderly representation of
best modulation frequencies within the
“‘isofrequency laminae’’ of the ICC (17).
Obvious signal processing advantages
are inherent in varying the integration
window of different neurons within this
system.

GUNTER EHRET*
MICHAEL M. MERZENICH
Coleman Laboratory,
Department of Otolaryngology,
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Increased Plasma Interleukin-1 Activity in

Women After Ovulation

Abstract. The polypeptide interleukin-1 mediates many host responses to infection

and inflammation. A method was developed for studying interleukin-1 levels in
human plasma from febrile patients. Interleukin-1 activity was also consistently
found in plasma samples from women in the luteal phase of their menstrual cycle.
This activity was neutralized by a specific antiserum to human interleukin-1 and was
low in plasma from healthy men and preovulatory women. Thus interleukin-1
appears to have a role in normal physiological conditions as well as in disease states.

In response to infection, injury, and

certain immunological reactions, special-
ized cells (including monocytes, keratin-
ocytes, and synovial cells) release inter-
leukin-1 (IL-1). This protein, or family of
closely related proteins, mediates the

acute-phase

responses to infection.

These responses include fever, redistri-
bution of amino acids and trace metals,
and accelerated hepatic synthesis of cer-
tain plasma proteins. In addition, IL-1
has potent immunological properties,
such as promoting lymphocyte prolifera-
tion and stimulating production of lym-
phokines (/).

The biological role of IL-1 in host

defense has been inferred from studies of
its influence on cell cultures in vitro and
its systemic effects after it is injected into
laboratory animals, Although substances

exhibiting IL-1 activity have been isolat-
ed from human peritoneal and synovial
fluid (2), correlation of IL-1 levels in the
circulation with various physiological or
pathological conditions is difficult with
existing assay methods (3) and is compli-
cated by interfering plasma factors (4).

al

We report a simple and direct method

for detecting IL-1 activity—after remov-

of interfering factors—by rapid (<30

minutes) gel filtration (5). IL-1 activity
was determined with the well-estab-

lished

lymphocyte-activating  factor

(LAF) assay, in which augmentation of
mitogen-induced proliferation of murine
thymocytes is measured. Using this
method, we have consistently observed
increased plasma IL-1 activity after ovu-

lation as well as during infection.

Blood from healthy subjects and from
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