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Corticosterone Modulates Auditory Gating in Mouse
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Previous studies suggest that circulating glucocorticoids may influence the encoding and processing of sensory stimuli. The current study
investigated this hypothesis by measuring the generation (amplitude), gating (recovery cycle), and sensitivity (intensity function) of
auditory evoked responses in C57BL/6 mice treated with chronic corticosterone (0, I, 5, |5, or 30 mg/kg/day for 14 days). We found
that low-dose corticosterone (5 but not | mg/kg/day) enhanced the amplitude and improved gating of evoked potentials without
affecting the intensity function. In comparison, higher doses (15 and 30 mg/kg/day) decreased the amplitude and impaired gating of
evoked potentials, also without altering the stimulus intensity function. At all doses, lower amplitudes of evoked potentials were
significantly correlated with higher circulating corticosterone levels. These data highlight the need to consider serum glucocorticoid levels
when assessing human disease states associated with aberrations of information processing such as schizophrenia and depression.

INTRODUCTION

An auditory stimulus elicits a well-characterized progres-
sion of neural activity within the auditory system from the
cochlea through the primary auditory cortex and subse-
quent association areas. Sequential components of human
auditory evoked potentials (AEPs) that are commonly
studied include the P50 (positive component at 50 ms or
P1 for position), N100 (N1), P200 (P2), and P300 (P3).
Rodents display a P20 (P1), N40 (N1), P80 (P2), and P120
(P3) topography that is similar to the corresponding P1, N1,
P2, and P3 human components (Ehlers and Somes, 2002;
Maxwell et al, 2004b; Siegel et al, 2003; Umbricht et al,
2004). As such, these characteristics of signal transduction
through the auditory pathways are conserved across species
(Adler et al, 1986; Javitt et al, 2000; Maxwell et al, 2004b;
Pincze et al, 2001).

Cross-species similarities in the topography and response
properties of AEPs has allowed for the use of rodent models
to assess the potential effects of physiologic, pharmacologic,
and genetic alterations on human AEPs (Adler et al, 1986;
Knight et al, 1985). In such models, AEPs represent
neuronal activity in response to controlled stimuli. Modi-
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fication of stimulus characteristics including intensity and
interstimulus interval (ISI) results in predictable AEP
responses, facilitating the ability to correlate specific
components across species. For example, increases in
stimulus intensity produce increased amplitude of evoked
responses, which is thought to reflect a measure of auditory
sensitivity (Halford, 2003; Hegerl et al, 2001). Similarly,
reducing the ISI leads to a reduction in amplitude,
demonstrating the ability to filter or gate repetitive
incoming stimuli. In humans, the normal ISI response is a
linear increase in N1 amplitude between 0.25 and 8s ISI
(Budd et al, 1998; Shelley et al, 1999). However, the N1
amplitude does not increase in response to longer ISI in
patients with schizophrenia (Shelley et al, 1999). Thus, a
rodent model that recreates similar impairments in the
normal ISI response properties of the mouse N1 has been
used to examine factors that may contribute to sensory
processing abnormalities in schizophrenia (Adler et al,
1986; Light and Braff, 1999; Maxwell et al, 2004a).
Pharmacological treatments that reduce the amplitude of
evoked components are used to model deficits in the ability
to encode auditory information whereas treatments that
produce larger than normal responses indicate potential
enhancements in auditory processing (Adler et al, 1986;
Light and Braff, 1999; Maxwell et al, 2004a). For example,
amphetamine-induced reductions in the amplitude and
gating of the P1 and N1 AEPs in humans and animals are
postulated as predictive models of sensory processing
impairments in schizophrenia (Adler et al, 1986; Janowsky
and Risch, 1979; Light and Braff, 1999). Interestingly,
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corticosteroid administration has been suggested to model
schizophrenia-like sensory processing impairments (Ste-
vens et al, 2001).

A limited number of studies evaluate the effects of
corticosteroid treatment on sensory processing and beha-
vioral neurobiology in humans. Acute and subchronic
administration of hydrocortisone transiently enhanced
amplitude of AEPs in normal subjects (Ashton et al, 2000;
Born et al, 1989). However, repeated corticosteroid admin-
istration impaired performance on memory tasks, suggest-
ing that behavioral outcomes may be dependent on the dose
or length of corticosteroid exposure and perhaps homeo-
static modulation of endogenous systems that result from
exogenous administration (McAllister-Williams and Rugg,
2002).

Administration of exogenous corticosterone has been
shown to cause impairments in gating of the P1-Nl
complex in adrenalectomized mice, which has been
proposed to model schizophrenia-like AEP deficits (Stevens
et al, 2001). However, previous work has utilized a single
stimulus intensity and ISI, which does not allow for
evaluation of steroid influences on specific psychometric
parameters that modulate the amplitude of evoked compo-
nents. We address this gap in the literature by examining
AEP responses in mice at three stimulus intensities, four ISI,
and five levels of corticosterone treatment. The current
study evaluates chronic corticosterone treatment in mice
with intact adrenals, controlling for the length of exposure
and allowing all forms of normal adaptation to occur. Our
goal is to investigate influences of circulating corticosterone
on the response properties of the auditory system using ISI
and stimulus intensity functions. We believe these findings
will have important implications for psychiatric disorders
like schizophrenia and depression where alterations in
cortisol regulation may influence sensory processing.

METHODS
Animals

C57BL/6] male mice (n=44) were obtained at 8 weeks of
age from Jackson Laboratories (Bar Harbor, ME). All testing
was conducted between 10 and 11 weeks of age. We have
previously shown that the N40 component of AEP in
C57BL/6] mice increases in amplitude with lengthening ISI,
similar to the human N1 (Maxwell et al, 2004b; Shelley et al,
1999). Additionally, this strain is responsive to a variety of
compounds that reduce N40 amplitude (NMDA antagonists
and stimulants) as well as enhance N40 amplitude (anti-
psychotics and phosphodiesterase inhibitors) (Connolly
et al, 2004; Liang et al, 2004; Maxwell et al, 2004a, b; Siegel
et al, 2003). Previous reports have characterized this strain
using a variety of auditory assessments including the
auditory brainstem response to verify hearing at 3 months
of age (Siegel et al, 2005; Zheng et al, 1999). We also use a
low-frequency 1500 Hz tone to avoid confounds related to
age-related (5-6 months) high-frequency (>20kHz) hear-
ing loss (Ehlers and Somes, 2002; Erway et al, 1993; Willott
and Carlson, 1995). Therefore, we believe that C57BL/6]
mice are an appropriate strain for the current investigation,
based on previous psychometric and pharmacological
findings.
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Treatment Groups

The study followed a between-subjects design in which
groups were administered either corticosterone 1 mg/kg/day
(n=38), 5mg/kg/day (n=9), 15mg/kg/day (n=29), 30 mg/
kg/day (n=9), or vehicle (n=09) (Sigma Aldrich, St Louis,
MO). Vehicle (PEG 400), 1, and 5 mg/kg/day were delivered
via subcutaneous Alzet micro-osmotic pumps (Durect Corp.
Model 1002, Cupertino, CA) for 14 days. Since the
maximum dose released in pumps is 5 mg/kg/day, the doses
of 15 and 30mg/kg/day corticosterone were delivered
through subcutaneous pellets (40% corticosterone, 50:50
poly-lactide-co-glycolide) implanted 14 days prior to
testing. In vitro and in vivo corticosterone release from
Alzet osmotic pumps was previously characterized (DeKrey
and Kerkvliet, 1995; Man et al, 2002). Corticosterone release
from pellets was determined prior to implantation using
previously published protocols (Siegel et al, 2002). Corti-
costerone administration whether by osmotic pump or
subcutaneous pellet began 7 days prior to electrode
implantation described below. All protocols were conducted
in accordance with the University of Pennsylvania Labora-
tory Animal Resources guidelines and were approved by the
Institutional Animal Care and Use Committee. All efforts
were made to minimize animal number and suffering.

Surgery

Animals underwent stereotaxic implantation of tripolar
electrode assemblies (PlasticsOne Inc., Roanoke, VA) 7
days prior to nonanesthetized recording of AEPs as
previously published (Connolly et al, 2004, 2003; Maxwell
et al, 2004a,b; Siegel et al, 2003). All animals were
anesthetized with ketamine/xylazine (100/10mg/kg) for
implantation of electrodes. The electrode surgical proce-
dure consisted of a unipolar recording electrode placed in
the CA3 region of hippocampus, referenced to the
ipsilateral frontal sinus using the stereotaxic coordinate
system (recording electrode: 1.4mm posterior, 2.65mm
lateral, and 2.75mm deep relative to bregma; reference
electrode:0.6 mm anterior, 2.65mm lateral, and 0.75 mm
deep relative to bregma). Unlike our previous report using
bipolar electrodes to isolate hippocampal activity during
seizures, the current procedure produces a difference vector
that reflects whole brain electrical activity to more
accurately model human scalp electroencephalogram re-
cordings (Frankel et al, 2005). Electrode placement was
verified to be in the target region using Perls iron reaction
(LaBossiere and Glickstein, 1976).

AEPs and Corticosterone

Recording of evoked potentials was performed 7 days after
implantation of electrodes, which corresponded to 14 days
of drug exposure. Auditory stimuli were generated by
Micro1401 hardware and Spike 5 software (Cambridge
Electronic Design, Cambridge, UK) and were delivered
through speakers attached to the cage top. Blocks of 80 of
stimuli (1500 Hz, 10 ms duration) were delivered at 0.25, 0.5,
4, and 8s ISI at 80, 85, and 90db (70db background) to
produce steady-state measures of auditory recovery cycle
(gating) (Erwin et al, 1994; Maxwell et al, 2004b). Wave-



forms were sampled at 1667 Hz, filtered between 1 and
500 Hz, baseline corrected at stimulus onset and individual
sweeps were rejected for movement artifact based on a
criteria of two times the root mean squared amplitude per
mouse. Average waves were created from 50 ms prestimulus
to 200 ms poststimulus (Figure 1). Although the recording
systems allows for acquisition and analysis of many
components of the mouse AEP (N15, P20, N40, P80, and
P120), we limited this initial study to the mouse N40 in due
to the complexity introduced by analysis of four ISIs, three
stimulus intensities, and five drug conditions for each
component (Table 1). Mice were tested in their home cages
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Figure | Grand average waveform (uV) for vehicle and corticosterone

(5 and 30mg/kg/day) collapsed across stimulus intensity and ISI.
Intermediate doses of | and 15mg/kg/day were removed for clarity;
| mg/kg/day waveform is similar to vehicle and 15 mg/kg/day is similar to
30 mg/kg/day. The location of the N40 is noted with an arrow.

Table | Mean, SEM, and Effect Size for the Significant Main Effects
of Drug Condition, Stimulus Intensity, and ISl

Variable Mean SEM Effect size
Drug condition 0 2634155  7.61581 —
[ 2745587  7.119301 0.048772436
5 36.86606  9.698892 0460643241
I5 2366492 872836 —0.117152004
30 2126135 6673969  —0.222353224
Stimulus intensity 80 2304436 3.623005 —
85 27.65085 3489772 0.191678973
90 30.65863 4725413 0.316834866
Interstimulus interval 0.25 1997235 3231689  —0.559819329
0.5 2090296 3377342 —0.528579968
4 3094743 3.800491  —0.191397362
8 36.64905 4490925 —

— the effect size for the main effect of drug is relative to the vehicle animals;
main effect of intensity is relative to the 80 dB condition; main effects of ISI are
relative to the 8 stimuli.
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and allowed 15min to acclimate to the testing apparatus
prior to stimulus onset.

Normal auditory gating was defined as a significant
reduction in amplitude at short intervals (0.25 and 0.5 s ISI)
relative to longer intervals (4 and 8s) such that impaired
gating implies little or no relative reduction in amplitude
and enhanced gating reflects a larger reduction either by
increases in amplitude at long intervals or further decreases
at short intervals (Maxwell et al, 2004b). A significant
interaction between drug condition and ISI would indicate
corticosterone-induced changes in gating.

Statistics

The N40 component of the mouse AEP was defined as the
most negative deflection between 25 and 60ms after
stimulus onset. The N40 amplitude was analyzed using
repeated measures ANOVA to evaluate main effects of
corticosterone, stimulus intensity, and ISI. Corticosterone
was designated as the independent variable, stimulus
intensity, and ISI were the repeated measures, and N40
amplitude was the dependent variable. Significant inter-
actions between corticosterone and stimulus intensity;
corticosterone and ISI; and corticosterone, intensity, and
ISI were followed by Fisher LSD post hoc analyses. A p-value
of less than 0.05 was considered a statistically significant
finding. Effect sizes are provided for significant main effects
and relevant interactions (Glass et al, 1981).

Serum Corticosterone

Animals were decapitated immediately following AEP
testing (1500-1600h). Trunk blood was harvested and
serum collected for corticosterone analyses. Serum was
assayed for free corticosterone using an Immuchem Double
Antibody Corticosterone RIA kit (MP Biomedicals, LLC
formerly ICN Orangeburg, NY). Serum samples from five
of the mice tested in the AEP portion of the study were
lost and not available for the corticosterone analysis due
to human error. Therefore, the number of mice in each
treatment group was vehicle (n=38), 1 mg/kg/day cortico-
sterone (n=38), 5mg/kg/day (n=38), 15mg/kg/day (n=38),
and 30mg/kg/day (n=7). Interassay and intrassay mea-
sures of variability for these assays were 5.08 and 6.97%,
respectively, which is consistent with the manufacturer’s
values of 7.2 and 7.1%. Serum concentrations were
determined from a software generated standard curve and
reported in ng/ml. Resulting values were analyzed using
general linear models ANOVA.

Correlation

A correlation between serum corticosterone concentration
and N40 amplitude was evaluated using a Pearson’s
product/moment correlation analysis. In order to determine
at which ISI the N40 amplitude is most closely correlated
with changes in corticosterone serum levels, we performed
correlations with serum corticosterone levels and each of
the four ISI (0.25, 0.5, 4, and 8s) at the 90dB stimulus
intensity.
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Figure 2 Mean+SEM for the N40 stimulus intensity response. Fisher
LSD post hoc MS=510, df=78; 80 vs 85db, p=0.067; 80 vs 90db,
p=0.002; 85 vs 90db, p =0.208.

RESULTS
AEP

A main effect of corticosterone dose indicated that N40
amplitude varied according to the dose of corticosterone
administered (F(4,39) =3.5, p=0.014). A main effect of
stimulus intensity showed that the N40 amplitude increased
with increasing stimulus intensity (F(2,78) =5.1, p =10.009)
(Figure 2). Consistent with previous data, a main effect of
ISI demonstrated increased amplitude with increasing ISI
between 0.25 and 8s (F(3,117) =18.2, p<0.001) (Maxwell
et al, 2004b).

The interaction between corticosterone treatment and ISI
described below indicates that the effects of corticosterone
on N40 amplitude vary across ISIs (F(12,117)=2.2,
p=0.015), suggesting that the dose of corticosterone
modulated the auditory recovery cycle (gating). Post hoc
analyses of this interaction indicated that the 1 mg/kg/day
dose did not produce any changes in gating relative
to vehicle. However, the 5mg/kg/day dose enhanced
gating and the 15 and 30 mg/kg/day doses both diminished
gating relative to the control (vehicle) condition. The
decrease in auditory gating with high-dose corticosterone
was driven by a reduction in amplitude at the long ISIs
(8 and 4s) (Figure 3). No interactions were found bet-
ween corticosterone dose and stimulus intensity, suggesting
that corticosterone dose does not modulate auditory
sensitivity (F(8,78) =0.7, p=0.707). Additionally, there
was no significant three-way interaction between cortico-
sterone dose, stimulus intensity, and ISI (F(24,234)=0.9,
p=0.582).

Serum Corticosterone

There were main effects of corticosterone dose on N40
amplitude (AEP results: p=0.014) and serum corticoster-
one concentration (F(4,35) =2.7, p=0.043). A correlation
analysis between N40 amplitude and serum corticosterone
levels revealed a significant negative correlation in which
decreased N40 amplitudes at the 8 s ISI were associated with
elevated serum corticosterone levels (r=—0.370, p =0.019)
(Figure 4). No correlation was found at any other ISI (4s,
p=0.764; 0.5s, p=0.612; and 0.25s, p =0.689).
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Figure 3 Mean+ SEM for the corticosterone by IS interaction (nV) in
which * indicates that the individual long ISI amplitudes are significantly
different from each short ISI amplitudes, p <0.05; ** indicates that the 8s
ISI differs from both 0.5 and 0.25s ISI. Fisher LSD post hoc analysis for the
individual differences between long (8 and 4 s) and short (0.5 and 0.255s) ISI
within each condition (MS =206, df = |33) are below. Vehicle: p<0.01 for
8 vs 0.5 (effect size: —0.7316) and 4 vs 0.5 (effect size: —0.7989); p<0.03
for 8 vs 0.25 (effect size: —0.5189) and 4 vs 0.25 (effect size: —0.5476);
I mg/kg/day: p<0.01 for 8 vs 0.5 (effect size: —0.7070) and 8 vs 0.25 (effect
size: —0.6239); p>0.05 for 4 vs 0.5 (effect size: —0.4745) and 4 vs 0.25
(effect size: —0.3763); 5mg/kg/day: p<0.02 for 8 vs 0.5 (effect size:
—0.9352), 8 vs 0.25 (effect size: —1.0889), 4 vs 0.5 (effect size: —0.7409),
and 4 vs 0.25 (effect size: —0.9224); 15 mg/kg/day: p<0.02 for 8 vs 0.25
(effect size: —0.4788); p>0.05 for 8 vs 0.5 (effect size: —=0.1118), 4 vs 0.5
(effect size: 0.1236), and 4 vs 0.25 (effect size: —0.2624); 30 mg/kg/day:
p>0.05 for 8 vs 0.5 (effect size: —0.1603), 8 vs 0.25 (effect size: —0.0918),
4 vs 0.5 (effect size: —0.1037), and 4 vs 0.25 (effect size: —0.0227).
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Figure 4 Negative correlation between serum corticosterone concen-
tration (ng/ml) and N40 amplitude (uV) at the 8s ISI (r=—0.370,
p=0.019). Squares indicate data for individual mice.

DISCUSSION

The current study assessed the effects of serum glucocorti-
coid levels on auditory stimulus processing in C57BL/6
mice. Our results indicate that corticosterone modulates
the recovery cycle (gating), but not the intensity func-
tion of evoked potentials. This effect on auditory gating
occurs primarily by influencing the amplitude of response
at long ISI. Our evaluation of AEP in mice treated with
different doses of corticosterone for 14 days suggests that
5mg/kg/day of corticosterone enhanced gating, whereas 15



and 30 mg/kg/day impaired gating through decreased N40
amplitude at long ISI. Importantly, the inverted U-shaped
N40 dose-response to corticosterone demonstrates a limited
range of doses that are sensitive to psychometric alterations.
Examination of circulating corticosterone levels revealed
a negative correlation between N40 amplitude at the 8s
ISI and serum corticosterone levels in which increased
circulating corticosterone were associated with decreased
N40 amplitude. Again, this produces a U-shaped dose-
response that is consistent with the N40 data. Based on
these data, we propose that circulating glucocorticoids
influence generation of auditory response (amplitude) and
auditory gating (ISI) but not auditory threshold (stimulus
intensity). These data provide further evidence that
peripheral corticosterone levels can alter auditory proces-
sing and have implications for schizophrenia and depres-
sion. Additionally, glucocorticoid-induced alterations in
auditory processing may have relevance for steroid-induced
psychosis, which can be associated with auditory hallucina-
tions and may provide additional clinical relevance for the
data within this study (Hall et al, 1979).

Patients with schizophrenia display alterations in re-
sponse to auditory stimuli as measured by AEP. One study
indicated that schizophrenic patients display deficits in
response to long but not short ISI (Shelley et al, 1999). This
endophenotype is thought to reflect a fundamental disrup-
tion in information processing that is related to the disease
state. Our results demonstrating that high-dose chronic
corticosterone suppresses responses to long ISI suggests a
broader mechanism by which the AEP recovery cycle may
be disrupted in a variety of medical and psychiatric
illnesses. These data provide a foundation for studying
glucocorticoid modulation in a variety of disorders where
sensory processing is impaired. However, patterns of AEP
abnormalities differ among various psychiatric diagnoses.
For example, patients with schizophrenia display decreased
amplitudes of the P50 and N100 as well as P200 amplitudes
that vary with task and state (Boutros et al, 1997; Jin et al,
1997; Ogura et al, 1991; Tabares-Seisdedos et al, 2001).
In contrast to schizophrenia, patients with major depres-
sion display normal N100 amplitude and increased P200
amplitude (Vandoolaeghe et al, 1998). In schizophrenia,
unmedicated patients have 37% higher cortisol levels
compared to controls, and similarly, depressed patients
have 28% higher cortisol levels relative to controls (Muck-
Seler et al, 2004). Therefore, as hypercortisolemia may be
associated with schizophrenia and major depression, our
data highlight the importance of controlling for glucocorti-
coid milieu when assessing disease-related alterations in
auditory processing.

Our data also assessed the stimulus intensity response
properties of the mouse N40. These data suggest that the
mouse N40 increases in amplitude with increased stimulus
intensity. The human N100 also displays a similar pattern of
augmentation with increasing stimulus intensity (Halford,
2003; Hegerl et al, 2001). Conversely, the human P50
displays suppression with increasing stimulus intensity
(Ninomiya et al, 2000). Therefore, these data taken together
with previous reports support the hypothesis that the
mouse N40 shares multiple psychometric and pharmacolo-
gical response properties with the human N100, which is
thought to be cortically generated (Maxwell et al, 2004a, b;
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Umbricht et al, 2004). However, other studies have linked
the rodent P20-N40 difference complex to the human P50
based on latency, gating, and pharmacological similarities
(Siegel et al, 2005; Stevens et al, 1999). Although the analogy
between the mouse N40 and the corresponding human AEP
component is uncertain, we propose that the human P50
and/or N100 may be modulated by glucocorticoid milieu in
a manner similar to the mouse N40 in the present study.

One limitation of the current study results from a lack of
serial glucocorticoid assessments at various times of day
within each animal. We chose not to assess diurnal
variation in these animals in order to minimize the stress
associated with repeated retro-orbital serum sampling.
Although information regarding the effects of exogenous
corticosterone on diurnal variation in glucocorticoid
concentration is an important consideration, the stress
associated with the required procedures would likely have
confounded interpretation of the relationship between the
pharmacological manipulation and primary electrophysio-
logical outcome measure. Additionally, we did not evaluate
other neurochemical or neuroendocrine factors of the
stress response cascade including but not limited to cortico-
trophin releasing factor and adrenocorticotrophic hormone
as well as central glucocorticoid or mineralocorticoid
receptor systems and peripheral endocrine responsive
organs, which have been extensively mapped in human
and rodent studies as well as in disease states (Arborelius
et al, 2000; Miller et al, 1990; Nemeroff, 2004). We believe
that influences from the aforementioned factors may help
provide insight into the mechanisms by which chronic
glucocorticoid treatment modulates AEP and that these
factors should be addressed in future studies.

An additional consideration in interpreting the implica-
tions of this report is that C57BL/6 mice may be highly
susceptible to manipulations that involve steroid or
hormonal modulation relative to other inbred strains. For
example, this strain has been shown to exhibit increased
vulnerability to a metabolic disorder induced by the enzyme
11-beta-hydrosteroid-dehydrogenase (11lbeta-HSD-1) in
adipose tissue while fed a high-fat diet (Morton et al,
2004). Increased vulnerability to disorders of metabolism is
thought to reflect reduced downregulation of 11beta-HSD-1,
which leads to a persistent amplification of intracellular
glucocorticoid signal transduction (Morton et al, 2004).
Additionally, 11beta-HSD-1 has been proposed to mediate
glucocorticoid effects within the central nervous system,
where it is selectively expressed in the cerebellum,
hippocampus, cortex, and pituitary, with low levels also in
the hypothalamus (Seckl, 1997). Therefore, C57BL/6 mice
may represent an extreme of glucocorticoid sensitivity for
electrophysiological changes as well as dietary manipula-
tion. As such, this study may have implication for the role
of intracellular signal transduction of the glucocorticoid
pathway in a variety of disease states.

To summarize, our findings demonstrate serum cortico-
sterone concentration is negatively correlated with N40
amplitude in C57BL/6] mice. Additionally, high-dose
chronic corticosterone produces a reduction in N40 gating,
which we propose may have relevance to the mechanisms of
reduced N100 recovery cycle in schizophrenia. We further
suggest that our observations may be particularly relevant
to schizophrenia by reproducing the reduction in amplitude
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of evoked potentials at long ISIs. These data also highlight
the need for assessing circulating glucocorticoids when
measuring evoked potentials in any human disease trait or
state. Thus, we propose that glucocorticoid milieu may
influence auditory processing and modulate the human P50
and/or N100 across a variety of medical and psychiatric
disorders that impinge on the stress cascade.
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