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Loss of Glucocorticoid Fast Feedback in Depression
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o Arate-sensitive fast-feedback inhibition of stress-induced
corticotropin secretion by glucocorticoids is well docu-
mented in rats. Studies in patients with Cushing’s disease or
adrenal insufficiency have also supported the existence of
fast feedback in humans. However, few studies exist in nor-
mal healthy subjects or depressed patients. This study com-
pared fast-feedback inhibition of 3-endorphin/B-lipotropin
secretion by hydrocortisone in 16 control subjects and 16
depressed patients. A fast-feedback effect of hydrocortisone
on p-endorphin/B-lipotropin secretion during the hour of
the hydrocortisone infusion was demonstrated in control
subjects. Depressed patients demonstrated no increase in
g-endorphin/B-lipotropin concentrations during the infu-
sion. These data suggest a decreased sensitivity to gluco-
corticoid fast feedback in depressed patients and comple-
ment existing studies demonstrating decreased sensitivity to
proportional feedback by dexamethasone in depressed pa-
tients. We believe the data presented herein are the first

~ demonstration that abnormal feedback occurs at the level

of the brain rather than pituitary in depressed patients.
(Arch Gen Psychiatry. 1991;48:693-699)

T he precise nature of the hypothalamic-pituitary-

adrenal (HPA) axis dysregulation in depression has
yet to be fully defined despite the repeated demonstration
of hypercortisolemia in depressed patients.® This in-
creased cortisol secretion has been interpreted as a man-
ifestation of limbic-hippocampal activation in depres-
sion.? Most studies of dysregulated glucocorticoid
feedback on the HPA axis have utilized dexamethasone,
which has a high affinity for pituitary glucocorticoid re-
ceptors. Dexamethasone does not bind to hippocampal
glucocorticoid receptors in vivo,” and local implants of
dexamethasonein the hippocampus are notable toreverse
adrenalectomy-induced HPA activation.®® Dexametha-
sone, therefore, may exert its princi?al feedback effects at
the pituitary rather than brain.” %! Because dexametha-
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sone is unlikely to be a suitable challenge for evaluating
the role of limbic activation in depression, other experi-
mental strategies are needed to evaluate the role of neu-
ronal elements in feedback regulation of corticotropin se-
cretion in normal and depressed patients. Glucocorticoid
fast feedback is one form of feedback that appears to in-
volve neuronal feedback elements.

The existence of a rapid, rate-sensitive feedback mech-
anism was demonstrated in rats in a series of experiments
by Dallman, Jones, and collaborators.'*'*"¢ Beginning
within 5 minutes of infusion of corticosterone, an inhib-
itory action of corticosterone on stress-induced secretion
of adrenal steroids occurs while the plasma corticosterone
concentrations are rapidly rising. The “rate” dependency
of this feedback is evidenced by the fact that the system
seems to detect the rate of change in steroid concentrations
rather than the absolute concentration of steroids; ie, a
slower corticosterone infusion rate that produces a slower
rate of rise of plasma corticosterone level does not evoke
this inhibitory effect on the stress response even if the
infusion is continued to achieve similar plasma corticos-
terone concentrations.

Possible mechanisms for this rapid feedback include a
direct antagonistic action of glucocorticoids on
corticotropin-releasing factor binding to its pituitary re-
ceptor, 718 or antagonism of corticotropin-releasing fac-
tor-dependent cyclic adenosine monophosphate gener-
ation in the corticotroph.'® Although glucocorticoids have
been shown to have rapid effects at the pituitary,” anum-
ber of other studies suggest that the brain is the predom-
inant site of fast-feedback regulation, particularly the
hypothalamus and hippocampus.”'** Increased glucocor-
ticoid concentrations that either follow chronic exogenous
administration or are secreted in response to chronic stress
paradigms have been demonstrated to inhibit fast feed-
back in vivo?*? and to down-regulate hippocampal glu-
cocorticoid receptors selectively.?® Because fast feedback
seems to depend on the neuronal elements of the HPA
axis, studies examining fast feedback can provide a unique
means of evaluating the involvement of the neuronal-
hippocampal feedback elements in the HPA axis dysreg-
ulation of depression.

Previous studies using infusion of hydrocortisone in the
morning have suggested the existence of fast feedback in
humans. Reports by Carey?® and Fehm et al”” demon-
strated the existence of fast feedback in patients with
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Cushing’s disease. Both reports used infusions of 50 mg
of hydrocortisone per hour for 2hours. Fehm et al”’ found
that hydrocortisone infusion in patients with adrenal in-
sufficiency resulted in a prompt decline in plasma corti-
cotropin level, with the onset of suppression varying be-
tween 15 and 30 minutes and continuing throughout the
course of the infusion. Daly et al*® were able to show the
existence of negative feedback on spontaneous corticotro-
pin secretion in normal humans by the use of a hydro-
cortisone infusion of 3 mg/h for 5 hours. In a further elab-
oration on these findings, Reader et al?® found decreases
in corticotropin level following the infusion of hydrocorti-
sone at rates of 3 and 6 mg/h. These data were interpreted
to indicate the existence of fast-feedback mechanisms in
normal humans. It should be noted that these conclusions
are based on the study of two normal subjects. Reus et al®®
used a dose of hydrocortisone of 5 pgkg™'min~" and
were able to demonstrate an effect on corticotropin con-
centrations in three of four normal control subjects. Taken
as a whole, these existing studies suggest that fast feed-
back does exist in humans, but a total of only nine normal
subjects have been studied among all these studies, with
two of the nine demonstrating baseline corticotropin con-
centrations too low to measure suppression accurately.
The present studies were undertaken to characterize the
fast-feedback effects of hydrocortisone sodium succinate
administration to normal subjects and compare these find-
ings with fast feedback in depressed patients.

SUBJECTS AND METHODS

A total of 16 normal and 16 depressed subjects were studied,
with eight male and eight female subjects in each group. The ages
of the male and female controls were matched within 3 years.
Informed consent was obtained from all subjects before the ini-
tiation of the studies. All normal subjects received a physical ex-
amination and screening blood work as wellas a drug screen. The
Schedule for Affective Disorders and Schizophrenia was admin-
istered to each subject to exclude psychiatric disorders in the con-
trol subjects. All subjects were admitted to the Clinical Research
Center, University of Michigan Medical Center, Ann Arbor, for
the nights preceding each of the 2 infusion days. On each day,
an intravenous catheter was inserted between 6:30 and 7 aM in
each arm. One catheter was used for infusion of hydrocortisone
or saline and the other for withdrawal of blood samples. The first
sample was drawn at 7:45, and a second sample (baseline) was
drawn at 8 aM immediately before beginning the infusion, which
lasted for 1 hour. On the first day, subjects received saline and
on the second day hydrocortisone sodium succinate,
5ug-kg™!'min ", although the subjects were “plind” to the order
of the infusion. The order of the infusion was not randomized,
since the first study day was considered an adaptation day, and
the infusion of a large dose of hydrocortisone on day 1 would be
expected to influence the “basal” secretion pattern on day 2. Dur-
ing the first 15 minutes of the infusion, blood samples were drawn
every 5 minutes to characterize the rise in hydrocortisone con-
centrations and the interval between the onset of the rapidly ris-
ing plasma hydrocortisone concentrations and the inhibition of
B-endorphin/B-lipotropin (B-END/B-LPH) secretion. Samples
were then drawn every 15 minutes until 10 am. Subjects fasted
for the duration of the study.

All depressed patients had presented for evaluation at the out-
patient clinic of the University of Michigan Depression Program.
Patients and controls were age and sex matched. Patients re-
ceived a standard clinical interview and a Schedule for Affective
Disorder and Schizophrenia interview, followed by a consensus
Research Diagnostic Criteria diagnosis. All patients met Research
Diagnostic Criteria for major depressive disorder. Twelve of the
16 met criteria for probable or definite endogenous subtype. The
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17-item Hamilton Depression Rating Scale (HDRS) was com-
pleted on all patients within 3 days of the study. At the time of
initial evaluation, all depressed patients had HDRS scores of 15
or greater. On the actual day of the study, two patients, one male
and one female, had HDRS scores below 15. All patients were
a minimum of 2 weeks free of any medication and were taking
no hormonal replacements. There was no evidence of any med-
jcal or endocrine abnormalities in the initial evaluation phase.
Female patients were studied during random phases of the men-
strual cycle, although estradiol and progesterone concentrations
were determined on the saline infusion day. Patients were ad-
mitted to the Clinical Research Center and completed a protocol
identical to that of the control subjects.

Plasma samples were drawn through a heparin lock into so-
dium_edetic acid tubes. After withdrawal, the samples were cen-
trifuged immediately and the plasma separated and frozen ondry
ice. The samples were stored at —70°C until extraction. Corti-
cotropin is synthesized as part of a larger precursor protein, pro-
opiomelanocortin, which is processed to yield corticotropin and
B-END/B-LPH. For each molecule of corticotropin secreted, a
molecule of B-END/B-LPH is secreted. Thus, either corticotropin
or B-END/B-LPH provides an accurate measure of corticotroph
secretion.?! We prefer to measure 3-END/B-LPH since we have
avery sensitive radioimmunoassay available for measurement of
B-END/B-LPH as well as a large data set (>200 subjects) evalu-
ating B-END/B-LPH secretion before and after dexamethasone
administration in normal controls and depressed patients. This
B-END/B-LPH radioimmunoassay is more sensitive than corti-
cotropin radioimmunoassays available at the time these studies
were conducted (1987 to 1989) and better able to detect steroid-
induced inhibition of corticotroph secretion in normal controls.
In addition, the half-life of corticotropin is short (5 to 10 minutes),
and it is often difficult to detect the secretory pulses of corticotro-
pin that stimulate adrenal cortisol secretion. % Because the half-
life of B-END/B-LPH is longer, the secretory pulses of 3-END/
B-LPH are slower to disappear and could provide a more constant
baseline to determine inhibition of corticotroph secretion. Un-
fortunately, limits on the total volume of blood permitted to be
drawn from patients and controls precluded assaying both cor-
ticotropin and B-END/B-LPH in these studies.

The samples were extracted with octododecyl sulfate car-
tridges and assayed for plasma B-END/B-LPH as described in
Cahill et al.34 All samples were assayed in triplicate. The equiv-
alent of 2 mL of plasma is used per assay tube. The antibody
(Brenda) is used at a final dilution of 1:40 000. The antibody dem-
onstrates equal affinity for -END and 8-LPH and consequently
measures B-END and B-LPH, the C-terminal fragments of pro
opiomelanocortin processing. The radiolabeled tracer is iodine
125-labeled B-END}, and the standards are B-END,,. The sample
and standards are dissolved in 0.1% human serum albumin, acid-
ified to a pH of 3.0 with 1N hydrochloric acid. The assay buffer
is 150 mmol/L of phosphate buffer, pH 8.2, with 0.3% bovine
serum albumin. Disequilibrium kinetics are used to increase sen-
sitivity. The sensitivity (20% inhibition) of the 3-END/B-LPH as-
say for these studiesis 0.5 fmol/mL of plasma B-END/B-LPH, and
the median inhibitory concentration is 6 to 8 fmol/mL of plasma
B-END/B-LPH. Cortisol samples are drawn into heparin sodium
tubes and assayed by competitive protein binding assay. The
samples are extracted with ethanol saline and are assayed in trip-
licate.

Data analysis utilized two-way repeated-measures analysis of
variance (RM-ANOVA, Stat View 512+) comparing B-END/
B-LPH profiles in depressed patients and normal controls over
the 1-hour infusion on the hydrocortisone infusion day. For the
purpose of these analyses, only the data points between 8 and
9 am were included, since the infusion began at 8 am and earlier
data points might have been affected by intravenous line inser-
tion. To preserve the regularity of the sampling times (every 15
minutes), the data points from 8:05 and 8:10 aMmwere not included
in the statistical analyses. However, these points were used to
determine the changes in plasma cortisol level resulting from hy-
drocortisone infusion.
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Fig1.—Top, The effect of hydrocortisone infusion, 5 png-kg~"-min~"

(broken line), vs saline infusion (solid line), on B-endorphin/
B-lipotropin (B-ENDIB-LPH) secretion in 16 normal control subjects
(eight male, eight female). The infusion lasted for 1 hour and began
at 8am. The baseline B-END/B-LPH concentrations at 8 am were similar
between the two test conditions. Hydrocortisone infusion results in
arapid decline in B-END/B-LPH concentrations following the 8:15 av
sample. Bottom, Plasma B-END/B-LPH (solid line) vs cortisol rise
{(broken line) on the hydrocortisone infusion day. Note the prompt
decline in B-END/B-LPH secretion during the time of rapidly rising
cortisol levels (open squares). The plasma concentrations of B-END/
B-LPH remain suppressed for the hour following the hydrocortisone
infusion.

RESULTS
Normal Control Subjects

As a group, the normal controls demonstrated a significant
effect of hydrocortisone on B-END/B-LPH secretion (Fig 1) during
the hour of the infusion. While there was no significant effect of
saline infusion on B-END/B-LPH secretion on the baseline day
(RM-ANOVA F=0.5, P=.7) there was a significant effect of hy-
drocortisone infusion on 8-END/B-LPH secretion on the hydro-
cortisone infusion day (RM-ANOVA F=4.6, P=.0028). This in-
dicates that hydrocortisone is “turning off” secretion of B-END/
B-LPH. To examine further the time of onset of the fast-feedback
effect, we compared the time of the suppression of B-END/B-LPH
with the time of hydrocortisone rise (Fig 1, bottom). Because the
hydrocortisone level was measured every 5 minutes for the first
15 minutes of the study, it became clear that the hydrocortisone
concentrations were slow to change. Five minutes following the
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Table 1. —Subject Characteristics*
Controls Patients
(n=16) (n=16)
Psychiatric history Never mentally il MDD by RDC
Drug free, d 14 14
Sex, F/M 8/8 8/8
Age, y, mean=SD
F 32+94 33x8.6
M 32.8+9 32.5+99
HDRS score, mean = SD 17.5+4

*MDD indicates major depressive disorder; RDC, Research Diagnostic
Criteria; and HDRS, Hamilton Depression Rating Scaie.

_ Table 2.-Slimmary of Statistical Compdfisons of Patients

and Controls*
Group No.  Hormone Drug Dayt F P
Depressed vs
control 16 B-END/B-LPH Saline 1.3 NS
Cortisol Saline 1.98 NS

B-END/B-LPH Hydrocortisone 3.01 .02

Cortisol Hydrocortisone 0.72 NS

Depressed vs
control, M 8 PB-END/B-LPH Saline 6.1 .03
Cortisol Saline 0.03 NS

Depressed vs
control, F 8 PB-END/B-LPH Saline 0.22 NS
Cortisol Saline 20 NS
Controls, M vs F 8 B-END/B-LPH Saline 0.83 NS
B-END/B-LPH Hydrocortisone 0.37 NS
Patients, M vs F 8 B-END/B-LPH Saline 1.4 NS

B-END/B-LPH Hydrocortisone 3.8 .07

*B-END indicates B-endorphin; B-LPH, B-lipotropin; and NS, not
significant. F and P values are for interaction; ie, profiles of secretion
are nonparallel.

tindicates the drug that was administered the day value was obtained.
See “Subjects and Methods” section.

start of the infusion, there was no change in hydrocortisone con-
centrations. By 15 minutes into the infusion, most subjects had
shown a clear increase in hydrocortisone level. Consequently,
the time of rapidly rising plasma hydrocortisone concentration
began between the 10- and 15-minute periods (rate of hydro-
cortisone rise, 30.25 nmol-L ~1-min~1). The hydrocortisone con-
centrations continued to rise rapidly between 15 and 30 minutes
(rate, 33 nmol-L~"min~?), then rose more slowly until the end
of theinfusion (rate, 13.75 nmol-L ~!'min ™). In normal controls,
the suppressive effects of hydrocortisone on B-END/B-LPH be-
gan at 15 minutes and continued throughout the infusion. Con-
centrations of B-END/B-LPH also remained suppressed during
the hour following the infusion (Fig 1, bottom). Thus, the onset
of this inhibitory action of hydrocortisone was relatively fast, oc-
curring 5 to 10 minutes after the hydrocortisone concentration
actually rose.

Comparison With Depressed Patients

All patients met Research Diagnostic Criteria for major depres-
sive disorder. Six met criteria for definite and another six for prob-
able endogenous depression. One patient met criteria for bipolar
depression and nine for recurrent unipolar depression. Further
comparisons of the patients and controls are given in Table 1. As
noted in the design, patients and controls were age and sex
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Fig 2.—Top, Effect of hydrocortisone infusion on B-endorphin/B-
lipotropin (B-END/B-LPH) concentrations in 16 normal controls
(solid squares) and 16 depressed patients (open squares). The data
for — 15 minutes are included to show the stability of plasma B-END/
p-LPH concentrations. An effect of hydrocortisone is clearly visible
in the normal controls but not in the depressed patients. Repeated-

measures analysis of variance demonstrated a significant interaction

between time and group during the hydrocortisone infusion (F=3.0,
P=.02). However, there was no difference in the cortisol concen-
trations between patients and controls (bottom) duringthe infusion.

matched. The male and female patients were also age matched.

On the baseline day, the patients demonstrated B-END/B-LPH
plasma concentrations similar to the controls (F=0.7, not sig-
nificant, Table 2). The baseline cortisol concentrations of the pa-
tients were also similar to those of the control subjects (F= 1.98,
not significant, Table 2). The effects of hydrocortisone infusion
differed between the patients and controls. A comparison of the
8-END/B-LPH profiles of patients with the controls during the
hydrocortisone infusion is shown in Fig 2, top. While the controls
demonstrated an inhibition of B-END/B-LPH secretion, the pa-
tients demonstrated a flat profile of B-END/ B-LPH secretion. This
difference is verified by a significant interaction effect between
group (patient vs control) and time (F=3.0, P=.02) in the RM-
ANOVA,; ie, the slopes of the two lines are not parallel. When
examining this absence of suppression in patients vs normal con-
trols, the hydrocortisone concentrations achieved did not differ
between the patients and controls during the infusion (Fig 2,
bottom; RM-ANOVA F=0.7, not significant). The rate of rise of
hydrocortisone level during the infusion was also similar be-
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Fig 3.— Effect of hydrocortisone infusion on male (solid squares) and
female (open squares) controls (top) and male (solid squares) and
female (open squares) depressed patients (bottom). Again, the data
for —15 minutes are included to show the stability of baseline
B-endorphin/B-lipotropin (B-END/B-LPH) concentrations. The
B-END/B-LPH profiles are similar between male and female subjects
in each group, but the controls demonstrate a decrease in secretion
and the patients demonstrate a flat profile.

tween patients and control subjects.

These data were also analyzed by sex. On the baseline day,
fernale patients did not differ from female controls in B-END/
B-LPH or cortisol concentrations (Table 2). The male patients
demonstrated significantly lower B-END/B-LPH but not cortisol
concentrations than their male controls (Table 2). Consequently,
the ratio of mean cortisol (nanomoles per liter) to mean B-END/
B-LPH (picomoles per liter) on the saline infusion day was sig-
nificantly higher in the male patients than the male controls (con-
trols, 121+22; patients, 211+22; P=.01, two-tailed £ test). On the
hydrocortisone infusion day, male and female controls did not
differ in their response to the hydrocortisone infusion (Fig 3, top;
F=0.6, not significant). Neither was there a difference in male
and female patients in their response to hydrocortjsone infusion
(Fig3, bottom), but there wasa trend toward lower 8-END/B-LPH
concentrations in the male patients (F=3.77, P= .07).

COMMENT
These studies demonstrate a fast-feedback effect of hy-
drocortisone on corticotroph secretion in normal controls
that seems to occur concomitantly with the rapidly rising
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concentrations of plasma hydrocortisone. These B-END/
B-LPH concentrations remained suppressed in the hour
following the infusion. The rate of rise of hydrocortisone
(30.25to 33nmol-L™ L.min ~') was similar to the rate of rise
of corticosterone needed to invoke fast feedback in
rats.'>1® However, this fast-feedback effect of hydrocorti-
sone was absent in depressed patients.

Numerous studies with dexamethasone have demon-
strated abnormal suppression of cortisol in depressed pa-
tients, but recent findings have confounded this
interpretation.***” One confound is the accelerated me-
tabolism of dexamethasone in dexamethasone nonsup-
pressor subjects.’* The lower plasma dexamethasone
concentrations in dexamethasone nonsuppressors as well
as the demonstration of apparent adrenal hypertrophy
with increased sensitivity of the adrenal to corticotropin
in depressed subjects*>*' suggests that measurement of
cortisol values only following dexamethasone challenge is
not easily interpretable. The current findings of altered
fast-feedback sensitivity in depression suggest an insen-
sitivity to steroid feedback, similar to that reported with
dexamethasone using longer-term feedback paradigms.
Unlike the dexamethasone studies, in the current studies
equivalent rates of rise of hydrocortisone and equivalent
plasma concentrations of hydrocortisone were achieved.
Consequently, these data give strong support for the ex-
istence of a defect in steroid feedback in depression. Pre-
vious studies examining fast feedback in depression have
been inconclusive because of the small number of control
and depressed subjects.’*** However, the studies of Reus
et al*® did suggest abnormal feedback regulation in the
depressed subjects. Data from Daly et al*® suggested that
subjects with Cushing’s disease require higher rates of rise
of cortisol than normal subjects to demonstrate a fast-
feedback effect of cortisol. This may also be the case with
depressed patients.

A disruption of the hippocampal glucocorticoid recep-
tors as well as possible loss of hippocampal neurons has
been suggested as the site of HPA axis dysregulation in
depression.?? Previous studies in rats have suggested that
treatments that result in decreased hippocampal gluco-
corticoid receptors can affect the fast-feedback inhibition
by glucocorticoids of stress-induced corticotropin and cor-
ticosterone secretion.?** Such data suggest that the hip-
pocampus is an important site that mediates fast-feedback
inhibition of corticotropin secretion. This speculation is
consistent with a large body of data suggesting the im-
portance of the hippocampus in learning and memory,
both of which are disrupted in depression. Recent studies
by Issa and coworkers® have found that only those aged
rats with demonstrable memory defects show impaired
negative feedback to stress, and that these same rats show
lower hippocampal glucocorticoid receptors than cogni-
tively unimpaired aged rats. These data of altered fast-
feedback regulation in depression lend further support to
the hypothesis that alterations of glucocorticoid receptors
at the level of the hippocampus may be involved in the
HPA axis dysregulation in depression. However, this
demonstration of absent fast feedback in depressed pa-
tients does not exclude the possibility of increased
corticotropin-releasing factor secretory drive contributing
to the HPA axis abnormalities seen in depression. Indeed,
a defect in negative feedback would be expected to lead
to increased corticotropin-releasing factor drive.

In previous HPA axis studies of depressed patients, el-
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evated plasma cortisol level was interpreted as evidence
in favor of increased corticotropin-releasing factor drive
secondary to brain neurotransmitter alteration.>* Since
secretion represents a balance between the feed-forward
drive (corticotropin-releasing factor) and the feedback el-
ements (glucocorticoid negative feedback), itis difficultin
a closed-loop system to ascertain whether the HPA axis
defect in depression represents increased drive or de-
creased sensitivity to negative feedback or both. Recent
studies have utilized corticotropin-releasing factor chal-
lenge, and numerous investigators have agreed that there
is a decreased corticotroph response but a normal adrenal
cortisol response to corticotropin-releasing factor in de-
pressed subjects. ** However, inanumber of studies, the
depressed subjects exhibited elevated cortisol concentra-
tions, so it was impossible to determine whether the data
supported decreased corticotropin-releasing factor recep-
tor number on the corticotroph vs excessive negative feed-
back appropriately restraining corticotroph secretion.
More recent studies of depressed patients with no evi-
dence of hypercortisolemia have continued to observe a
decreased corticotroph response to corticotropin-
releasing factor, suggesting that a defect in negative feed-
back alone cannot explain the HPA axis abnormalities seen
with corticotropin-releasing factor administration.** In
further support of the hypothesis of increased drive are the
data of Nemeroff et al*® demonstrating increased
corticotropin-releasing factor concentrations in the cere-
brospinal fluid.

Apart from fast-feedback alterations, these data dem-
onstrate a difference in -END/B-LPH concentrations be-
tween the control and depressed male subjects on the
baseline (saline infusion) day. Since these depressed male
subjects had low plasma B-END/B-LPH concentrations but
normal cortisol concentrations, these subjects presumably
demonstrate increased cortisol production in response to
low corticotropin secretion. In these individuals, the low
baseline B-END/B-LPH concentrations in plasma may rep-
resent an HPA axis adaptation to prevent hypercorti-
solemia. Again, these data underscore the closed-loop na-
ture of the system and the physiological importance of
maintaining cortisol concentrations within a critical win-
dow to prevent the dangerous sequelae of hypercorti-
solemia.

In conclusion, this study demonstrates a fast-feedback
effect of cortisol on corticotroph secretion in normal sub-
jects. This fast-feedback mechanismis absent in depressed
patients. Because fast feedback is believed to involve
higher brain centers (eg,. hypothalamus and hippocam-
pus) rather than the pituitary, these findings suggest that
depression is accompanied by a decreased sensitivity of
brain sites to steroid feedback. In addition, these datalend
support to the previous findings of altered glucocorticoid
feedback in depressed patients in response to dexametha-
sone challenge. A similar loss of fast-feedback inhibition
has been demonstrated in chronically stressed rats, aged
rats, and rats that received high-dose corticosterone treat-
ment, which is known to down-regulate hippocampal glu-
cocorticoid receptors.”** The possible involvement of
hippocampal glucocorticoid receptors in the feedback ab-
normalities of depression merits further research.

This study was supported by grants MH422251 (Drs Watson and
Akil), MHO00427 from the National Institute of Mental Health, Be-
thesda, Md (Dr Young), and 5M01-RR00042 (Clinical Research Cen-
ter) from the National Institutes of Health, Bethesda, Md.
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