
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 (11, 
16). However, numerical values of criti- 
cal bandwidths of cochlear nerve fibers 
defined with these simultaneous masking 
techniques are only about 113 the psy- 
chophysically determined critical band- 
width (9, l l ) ,  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 
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these ~henomena is effected on the mani- 
fold parallel pathways to the ICC. That 
would seem unlikely. Neuroscientists Increased Plasma Interleukin-1 Activity in 
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. 
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Women After Ovulation 

Abstract. The polypeptide interleukin-1 mediates many host responses to infection 
and inj?ammation. 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 specijic 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-I). 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 (1). 

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). 

We report a simple and direct method 
for detecting IL-1 activity-after remov- 
al 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 



hospitalized patients with localized bac- 
terial infections was drawn into sterile, 
heparinized syringes. All of the patients 
were febrile (38.5" to 39.7OC) and were 
receiving appropriate antibiotic therapy. 
Blood cultures were free from viable 
bacteria at the time samples were taken 
(6). The blood samples were centrifuged 
at 400g, the plasma was separated into 
small portions and frozen at -70°C, and 
assays were carried out on samples 
thawed only once. Plasma (0.3 ml) was 
applied to sterile columns (1 by 30 cm) 
packed with autoclaved Sephadex G-50 
(fine) (Pharmacia). The columns were 
equilibrated with a standard culture me- 
dium (7) at a flow rate of 1 mllmin. Thirty 
0.6-ml fractions were collected in sterile, 
pyrogen-free polypropylene tubes. In 
some experiments, fractions were divid- 
ed in two; half of the material was incu- 
bated for 2 hours at room temperature 
with 1 percent (by volume) rabbit antise- 

rum to human IL-1 (8), and the other half 
was incubated with 1 percent normal 
rabbit serum to serve as a control. Sepa- 
rating the human plasma by molecular 
size before its addition to the murine 
thymocyte mixture had two advantages: 
(i) the removal of substances that inter- 
fere with cell proliferation, and (ii) the 
removal of "cold" (endogenous) thymi- 
dine, which interferes with the radioac- 
tive tracer used in these assays. 

Proliferative responses to phytohe- 
magglutinin (PHA) (Burroughs-Well- 
come) were measured with murine thy- 
mocytes (9) or cultured Dl0 cells (a 
murine T-lymphocyte line) (10). Since 
responsiveness to both PHA and IL-1 
varies from one cell preparation to the 
next, experimental and associated con- 
trol samples were always tested simulta- 
neously with the same cell population, 
identical media, and the same incubation 
conditions. 

Figure 1 is an illustration of a chroma- 
tographed plasma sample that shows IL- 
1 activity. Substances causing profound 
inhibition of proliferation eluted near the 
void volume; this was followed by three 
peaks of proliferation corresponding to 
approximately 15, 4, and 1 to 2 kilodal- 
tons. To facilitate comparisons between 
individuals and between different thymo- 
cyte populations in subsequent studies, 
we normalized the data by using a stimu- 
lation index. This index was calculated 
as the activity in each fraction eluting 
after the void volume divided by the 
mean PHA background stimulation as 
determined by the four to six fractions 
eluting before the void volume (see inset 
to Fig. 1). In Fig. 2, the activity patterns 
of plasma from five infected patients is 
contrasted with the activity patterns of 
plasma from ten healthy, rested control 
subjects. Plasma from the infected pa- 
tients consistently showed three peaks of 
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cate determinations of [3H]thymidine incorporation. The inset shows 
the same experimental results after normalization (see text). A mean stimulation index, used in Fig. 3,  was determined by calculating the average 
stimulation index of the fractions shown in the inset. The column was calibrated with blue dextran, ovalbumin, cytochrome c ,  glucagon, and 
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subsequent figures, statistical significance was determined by analysis of variance, with a critical value based on Bonferroni's inequality (21). 
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activity, whereas little activity was evi- 
dent in plasma from the healthy controls. 

While assaying plasma from asymp- 
tomatic control subjects, we observed 
significant IL-1 activity in samples from 
women estimated to be in the luteal 
phase of their menstrual cycle. This ac- 
tivity was neutralized with antiserum to 
human IL-1 (Fig. 3). A second series of 
assays was performed on plasma sam- 
ples from five women during the follicu- 
lar and luteal phases of their cycle; their 
plasma progesterone concentrations 
were determined in order to verify the 
menstrual phase (values given in the 
legend to Fig. 4). The luteal-phase sam- 
ples showed the characteristic three 
peaks of activity, whereas the follicular- 
phase samples showed little activity 
(Fig. 4). 

The identity of the interfering material 
is unclear but may be related to specific 
IL-1 inhibitors present in human urine 
and plasma (11). It is possible that varia- 
tions in the concentrations of these in- 
hibitors are as clinically significant as the 
variations in circulating IL-1. However, 
our procedures were optimized for 
studying the 1- to 20-kD molecular size 
range, and thus we were unable to estab- 
lish any correlation between pathological 
or physiological states and circulating 
inhibitor activity. 

Although IL-1 is often characterized 
as a 12- to 18-kD molecule, we consis- 
tently observed activity at lower molecu- 
lar sizes. A small peptide produced by 
human monocytes in vitro has been re- 
ported to cause fever in mice (12). The 4- 
kD factor is similar in size to muscle 
proteolysis inducing factor, which may 
be a fragment of IL-1, since trypsin 
digestion of 15-kD human IL-1 yields a 
molecule of about 4 kD that has proteo- 
lytic activity as well as IL-1 activity 
(13). Furthermore, 1 5 ,  4-, and 2-kD fac- 
tors that augment thymocyte prolifera- 
tion have been isolated from the urine 
of healthy individuals (14), suggesting 
that IL-1 breakdown probably occurs in 
vivo. 

To date, we have tested more than 30 
plasma samples from healthy men and 
preovulatory women. Plasma fractions 
from these subjects showed little in- 
crease in cell proliferation over back- 
ground, whereas plasma from infected 
individuals showed three clearly defined 
peaks of activity. These results are not 
surprising in view of the generally ac- 
cepted role of IL-1 as a mediator of fever 
and other nonspecific host defense re- 
sponses to infection. However, the in- 
creased IL-1 activity found in plasma 
fractions of women in the luteal phase of 
their menstrual cycle was unexpected. 

Nevertheless, these observations are 
supported by studies showing that intra- 
peritoneal injection of whole luteal- 
phase plasma reduces plasma iron in 
rats, and intraperitoneal injection of 
plasma fractions causes fever in mice 
(15). 

Increased IL-1 during the luteal phase 
of the menstrual cycle is consistent with 
the 0.2" to 0.6"C rise in body temperature 
that occurs at this time. This rise appears 
to be associated with an upward shift in 
the thermoregulatory set point (16), as 
occurs with fever. IL-1 may contribute 
to this shift in set point, but complex 
hormonal changes occur after ovulation, 
and it is probably an oversimplification 
to ascribe the change in set point to IL-1 
alone. Increased IL-1 activity during the 
luteal phase is also consistent with the 
inflammatory focus present after follicle 
rupture and with observations that pro- 
gesterone and estrogen increase macro- 
phage production of IL-1 (17). These 
hormones, which increase in concentra- 
tion after ovulation, may induce similar 
responses in blood monocytes or tissue 
macrophages. 

These results, together with observa- 
tions that exercise (18) and ultraviolet 
radiation (19) cause an increase in IL-1 
levels in vivo, suggest that the current 
view of IL-1 as a disease- or trauma- 
associated substance needs to be broad- 
ened to include a role in normal physio- 
logical cycles (20) and in physical and 
environmental stresses. 
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