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Background: The relationship between circulating ACTH levels and cortisol secretion in Cushing’s

disease is not precisely known.

Hypothesis: Chronic ACTH hyperstimulation leads to decreased adrenal potency and is restored
after normalization of ACTH secretion.

Subjects: Subjects included 20 patients with Cushing’s disease, eight patients in long-term remis-

sion, and 36 healthy controls.

Outcomes: ACTH and cortisol secretion rates and analytical dose-response estimates of endoge-
nous ACTH efficacy (maximal cortisol secretion), dynamic ACTH potency, and adrenal sensitivity
(slope term) from 24-h ACTH-cortisol profiles were evaluated.

Results: Both basal and pulsatile secretion of ACTH and cortisol were increased in patients with
active disease but normal in cured patients. ACTH, but not cortisol pulse frequency, was amplified
in patients and restored after successful surgical treatment. ACTH ECg,, an inverse measure of
potency, was higher during pulse onset in Cushing’s disease (59 = 7.4 ng/liter) than in controls (20 =
3.7 ng/liter) (P < 0.0001) and remitted patients after surgery [15 = 3.2 ng/liter, P value not signif-
icant (NS) vs. controls] and during pulse recovery phases [128 + 18 (P <0.0001), 70 =+ 8.4, and 67 =+
17 ngl/liter (NS vs. controls), respectively]. Efficacy was increased in active disease and normalized
after surgical treatment [patients, 38 = 8.3 nmol/liter - min, vs. controls, 21 = 2.3 nmol/liter - min
(P <0.0001), and cured patients, 15 = 3.2 nmol/liter - min (NS vs. controls)]. Sensitivity to endog-
enous ACTH did not differ among the three groups.

Conclusion: The adrenal gland in Cushing'’s disease exhibits decreased responsiveness to submaxi-
mal ACTH drive and amplified efficacy, with unchanged sensitivity. These target-gland abnormal-
ities are reversible in long-term remission after pituitary surgery. (J Clin Endocrinol Metab 96:

3768-3774, 2011)

ushing’s disease is a serious disorder, caused by a hy-
C persecreting ACTH-expressing pituitary adenoma
and associated hypercortisolism, which leads to numerous
detrimental effects on virtually all body systems. The only
effective and rapid treatment option is selective pituitary
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surgery by an experienced neurosurgeon. This treatment
modality often restores normal ACTH function in time,
without damage to other pituitary functions, although not
invariably so (1). The secretion profiles of ACTH and cor-
tisol in Cushing’s disease were first described in pioneer

Abbreviation: BMI, Body mass index.
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studies by Krieger and Allen (2), and confirmed by others
later (3, 4). More recent investigations have sought to de-
fine the relationship between ACTH and cortisol secretion
in physiological conditions (3, 6). By applying new math-
ematical analytical tools, investigations have demon-
strated that gender, body mass index (BMI), and age all
influence individual ACTH and cortisol secretion in nor-
mal subjects and alter the endogenous ACTH concentra-
tion-cortisol secretion effect relationship (7).

Several investigations have quantitated individual
ACTH and cortisol secretion profiles in Cushing’s disease
using sensitive and robust hormone assays. Aside from
increased hormone secretion rates, decreased secretory
regularity, and erosion of circadian amplitude, these in-
vestigations raise the possibility of down-regulated adre-
nal responsiveness (8, 9).

In Cushing’s disease, pulsatile and basal ACTH and
cortisol secretion rates remain to be studied by recently
developed operator-independent methods. Therefore, the
first goal was to quantify secretion parameters of ACTH
and cortisol in patients with active Cushing’s disease and
healthy controls, including secretory burst frequency,
shape, regularity, and mass along with basal and hormone
half-life with an automated algorithm (10). The resultant
data permit dose-response estimation under conditions of
allowable (but not required) down-regulation of target-
gland responses. For the latter approach, the two-potency
model was used, which can be described as a shift of the
curve in the rightward horizontal direction during the re-
covery phase (i.e. during the decline of ACTH concentra-
tion pulses), compared with the rising phase. The selection
of this model is based on statistical considerations (11).
The third point of interest is whether the ACTH-adrenal
system can recover after curative surgery, when analyzed
with specific and sensitive new tools.

Subjects and Methods

Overview

Healthy volunteers and patients were hospitalized the eve-
ning before the sampling studies. On the following morning, an
indwelling iv cannula was inserted in a large vein of the forearm.
Blood samples (2.0 ml) were withdrawn at 10-min intervals for
24 h beginning at 0900 h. A slow iv infusion of 0.9% NaCl and
heparin (1 U/ml) was used to keep the line open. Ambulation was
permitted to the lavatory only. Vigorous exercise, daytime sleep,
snacks, caffeinated beverages, and cigarette smoking were dis-
allowed. Meals were provided at 0800, 1230, and 1730 h, and
room lights were turned off between 2200 and 2400 h, depend-
ing upon individual sleeping habits. Blood was collected in
prechilled siliconized tubes containing EDTA (ACTH) or hepa-
rin (cortisol), centrifuged at 4 C to separate plasma, and frozen
at —20 C within 30 min of collection. Total blood loss was less
than 360 ml. Volunteers were compensated for the time spent in
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the study. None of the 24-h data has been published or presented
previously or analyzed in the present manner.

Volunteers and patients

Thirty-six healthy community-dwelling adults of ages 18-77
yr (19 men and 17 women) served as control subjects. The mean
age was 43 yr, range 1877 yr, with BMI of 18.3-30.7 kg/m?.
Criteria for exclusion included recent use of psychotropic or
neuroactive drugs (within five biological half-lives); drug or al-
cohol abuse, psychosis, depression, mania, anorexia/bulimia, or
severe anxiety; endocrinopathy, other than primary thyroidal
failure receiving replacement; nightshift work or recent trans-
meridian travel (exceeding three time zones within 7 d of admis-
sion); acute weight change (loss or gain of >2 kg in 6 wk); ab-
normal hepatorenal function; glucocorticoid, anabolic steroid,
or reproductive hormone therapy; and/or unwillingness to pro-
vide written informed consent. Twenty patients with Cushing’s
disease (14 women and six men), mean age 37 yr, range 17-74
yr, with BMI of 20.5-39 kg/m? were studied. In all patients, the
diagnosis of Cushing’s disease was established by elevated 24-h
urinary excretion of free cortisol, subnormal or absent overnight
suppression of plasma cortisol by 1 mg oral dexamethasone,
absent or subnormal suppression of urinary cortisol excretion
during an oral 2-d dexamethasone test (low-dose Liddle test),
suppression of plasma cortisol concentration by 190 nmol/liter
or more during a 7-h iv infusion with dexamethasone at a dose
of 1 mg/h (12), positive immunostaining for ACTH of the pitu-
itary adenoma, and clinical cortisol dependency for several
months after selective removal of the adenoma. Ten patients in
remission of Cushing’s disease (seven women and three men)
were studied. Their mean age was 38 yr, range 27-63 yr, with
BMI of 20.6-33 kg/m?. The diagnosis was established by crite-
ria, described above, and was confirmed by pituitary surgery and
positive ACTH immunostaining of the removed adenoma. Re-
mission was established by the absence of signs and symptoms
during long-term follow-up of 8.2 * 1.7 yr, normalized 24-h
urinary excretion of free cortisol, and suppression of the morning
plasma cortisol concentration below 0.10 mmol/liter after the
administration of 1 mg dexamethasone orally at 2300 h at yearly
visits in the outpatient clinic. All patients needed temporary hy-
drocortisone substitution after surgery. The mean duration of
glucocorticoid replacement therapy was 21 months (range,
12-36 months). Two females conceived after surgery and gave
birth to healthy children, 2 and 3 yr after the operation. No
medication was taken by any of the study subjects and normal
volunteers. Premenopausal controls were studied in the follicular
phase of the menstrual cycle. Controls and patients provided
written informed consent. The study was approved by the Leiden
University Institutional Review Board.

Assays

Plasma ACTH was measured using a two-site sandwich assay
designed to detect intact ACTH (1-39) molecules. The immu-
noradiometric assay consisted of a soluble '**I-labeled (indica-
tor) monoclonal antibody directed to the N terminus of ACTH
as well as a second polyclonal ACTH antibody directed to the C
terminus. The second antibody was covalently conjugated to
biotin to react with avidin-coated plastic beads. All incubation
reagents including antibodies, human ACTH-(1-39) standard,
and avidin-coated beads were from Nichols Institute (San Juan
Capistrano, CA; Allegro immunoradiometric assay). Each sam-
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TABLE 1. Subject characteristics and basal hormone concentrations

Active (n = 20) Remission (n = 8) Controls (n = 36) ANOVA
Age (yr) 36.4 + 3.3 37.6 4.2 426 = 2.1 0.12
BMI (kg/mz) 284 + 1.2 248 £ 1.4 244 = 0.6 0.003
Transcortin (mmol/liter) 0.69 = 0.06 0.82 = 0.10 0.72 = 0.02 0.29
Estradiol in women (pmol/liter) 102 = 29 113 = 55 152 * 36 0.62
Testosterone in men (nmol/liter) 11.7 £ 3.3 120x24 17.4 =09 0.03
IGF-I (nmol/liter) 185+ 1.5 206 1.4 189 =09 0.66
Free T, (nmol/liter) 13.6 1.7 16.2 = 0.6 16.7 = 0.4 0.003

Data are shown as mean = sem. Statistical comparisons were carried out with ANOVA and confirmed by the Kruskal-Wallis test.

ple was assayed in duplicate, and all samples from any one sub-
ject were assayed in the same run. Sensitivity of the immunora-
diometric assay was 1.0 pg/ml or 0.22 pmol/ml, and intraassay
precision was 3.2-5.8% (range of median intrasample coeffi-
cients of variation in all individuals). Cross-reactivity with B-en-
dorphin, TSH, LH, FSH, GH, or prolactin was less than 0.1%.
Cross-reactivity with proopiomelanocortin was less than 0.01%
(13). Plasma cortisol concentrations were measured by RIA
(Sorin Biomedica, Milan, Italy). The detection limit of this assay
was 25 nmol/liter. The intra- and interassay precision varied
from 2-4%.

Analytical methods

Details of the dynamic dose-response methodology were de-
scribed in two earlier papers (11, 14). The dose-response rela-
tionship between ACTH and cortisol was established with a
four- and a six-parameter logistic regression equation with input
(effector) represented by reconvolved plasma ACTH concentra-
tion and output (response) by the cortisol secretion. The six-
parameter model allows the estimation of two different poten-
cies. Whereas the four-parameter logistic function leads to a
single (classical) dose-response curve, the six-parameter version
estimates potency for the rising portion of the ACTH pulse and
the decreasing part of the pulse. The descending phase shows
decreased potency (or increased ECs,) found in healthy individ-
uals (11). The sixth parameter is the time delay for the potency
switch. As a first step, the ACTH and cortisol concentration
series are deconvolved with a newly MATLAB-based program
(10). This operator-independent program estimates the number
of pulses, the slow half-life of the hormone (minutes), the mode
(time in minutes to reach the maximal secretion within a pulse),
basal (nonpulsatile) secretion, and pulsatile secretion. In addi-
tion, the program estimates the A-parameter, reflecting pulse
frequency, and the y-parameter, reflecting the pulse regularity
(higher values denote increased regularity). The reconvolved (fit-
ted) ACTH concentrations are then related to the deconvolved
cortisol secretion rates (nanomoles per liter distribution volume
per minute) with the logistic regression equations. The param-
eters of the classical logistic equation are basal secretion rate,
potency, sensitivity (slope), and efficacy (maximal response).
The six-parameter equation includes two additional terms, a
second potency and an inflection time (minutes) representing the
delay after which there is down-regulation of the ACTH-cortisol
response. From the ratio of potency and sensitivity (slope), the
more convenient ECs, can be calculated. The significance of
potency shifts from onset to recovery was tested by signed-ranks
comparison of onset and recovery potency values (before and
after putative down-regulation).

Statistics

Data are presented in tables as mean and SEM and in figures as
box-and-whisker plots containing the median, interquartile
range, 90% confidence interval, and extreme values. Statistical
comparisons between groups were performed by ANOVA, after
logarithmic transformation of the data, when required. In addi-
tion, data sets were also analyzed with the Kruskal-Wallis
method. P values <0.05 were considered significant. Statistical
calculations were done with Systat version 11 (Systat Software,
Richmond, CA).

Results

Clinical data and basal hormone concentrations are listed
in Table 1. Age did not differ between the groups, but BMI
was significantly higher in patients with active disease.
Serum transcortin, estradiol (in women), and IGF-I levels
were comparable in the three groups, but serum testoster-
one (in men) was diminished in patients with Cushing’s
disease (active and in remission). Free T, concentration
was decreased in patients with active disease, although no
patient had a subnormal concentration. Results of the de-
convolution analysis of the serum ACTH and cortisol con-
centration profiles in patients with active Cushing’s dis-
ease, patients in long-term remission after pituitary
surgery and healthy controls are shown in Table 2. The
24-h basal and pulsatile secretion of patients and controls
areshowninFig. 1. ACTH secretion in patients with active
disease was characterized by increased secretory-burst
number, decreased slow half-life, and increased basal and
pulsatile secretion compared with healthy controls and
patients in remission. Cortisol burst frequency was not
increased in patients with active disease, whereas the slow
component of the half-life was decreased. Basal and pul-
satile secretion was greatly increased in patients with ac-
tive disease. Differences in pulse number between controls
and patient groups were mirrored by the frequency pa-
rameter A. The regularity of cortisol, but not of ACTH,
interpulse intervals, quantitated by the y-parameter, was
increased in patients compared with the other two groups.
Secretion parameters were similar in controls and patients
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TABLE 2. Deconvolution of ACTH and cortisol profiles in patients with active Cushing’s disease, patients in
remission, and healthy controls

P, C P, A
Active (A) Remission (B) Controls (C) ANOVA vs. B vs. C
ACTH
Pulse number (per 24 h) 23.9+09 205+ 1.7 19.6 = 0.7 0.002 0.59 0.003
Slow half-life (min) 13.1 0.8 154+ 15 16.4 £ 0.7 0.014 0.51 0.02
Mode day (min) 10+ 1.3 79+20 79 +1.0 0.41
Mode night (min) 99*+16 79+18 7.4 =08 0.25
Basal secretion (ng/liter - 24 h) 5110 = 1010 1160 *+ 305 800 *+ 82 <0.0001 0.72 <0.0001
Pulsatile secretion (ng/liter - 24 h) 2380 = 250 960 + 270 760 + 85 <0.0001 0.52 <0.0001
Mean pulse mass (ng/liter) 106 = 15 45 = 12 40 =45 <0.0001 0.79 <0.0001
A (frequency) 21.7 £ 0.7 18.1 15 18.1 £ 0.7 0.004 0.96 0.002
v (regularity) 2.01 = 0.11 1.87 £0.14 1.80 + 0.06 0.16
Cortisol

Pulse number (per 24 h) 18.8 1.1 19.8 +2.0 19.4 +0.8 0.88
Slow half-life (min) 449 = 1.6 565+ 4.4 55.6 + 1.8 0.001 0.84 <0.0001
Mode day (min) 23.9+x40 252 6.3 13.8 1.7 0.016 0.04 0.01
Mode night (min) 11.1*+16 6.9 *18 15323 0.09
Basal secretion (nmol/liter - 24 h) 11100 = 2440 1970 = 500 740 = 120 <0.0001 0.61 <0.0001
Pulsatile secretion (nmol/liter - 24 h) 8580 = 1430 3840 = 570 4590 # 340 <0.0001 0.63 <0.0001
Mean pulse mass (nmol/liter) 540 = 102 202 = 34 250 + 21 0.001 0.67 <0.0001
A (frequency) 16.8 1.0 17.6 +1.8 17.5 + 0.7 0.85
v (regularity) 2.15x0.12 1.72 £ 0.06 1.86 = 0.06 0.014 0.36 0.004

Data are shown as mean = sem. Groups were compared with ANOVA, and post hoc contrasts were calculated between patients with active
disease and controls and between patients in remission and controls. Basal and pulsatile secretion and mean pulse mass are expressed per liter
distribution volume of the hormone. Higher y denotes more uniform interpulse intervals.

in remission, with the exception of the nocturnal cor-  than in the day in patients, both active (P = 0.01) and

tisol secretory-burst shape (mode). The secretory burst-  in remission (P = 0.02).

mode of ACTH, i.e. the time needed to reach the max- The endogenous plasma ACTH concentration-cortisol

imal secretion rate, was similar during the day and  secretion dose-response results are shown in Table 3 and

night, whereas for cortisol, events were shorter at night  graphically shown in Fig. 2. No differences were found
between healthy controls and patients who had
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comparisons were performed with ANOVA and appropriate post hoc contrasts. NS, ACTH-cortisol response curves were indis-
Not significant. tinguishable from those in healthy subjects,
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TABLE 3. Concentration-response (ACTH-cortisol) curve parameters of patients with active Cushing disease,
patients in remission after pituitary surgery, and healthy controls

Remission P, C P, A

Active (A) (B) Controls (C) ANOVA vs. B vs. C
Sensitivity (slope) 0.43 = 0.06 0.58 = 0.15 0.59 = 0.07 0.26
Efficacy (nmol/liter - min) 38 +8.3 15 + 3.3 21 +23 0.015 0.54 0.01
Basal secretion (nmol/liter - min) 6.2+1.2 2.3+0.48 1.7 +0.17 <0.0001 0.61 <0.0001
Inflection point (min) 21+29 24 =49 22+20 0.73
ECg, onset (ng/liter) 50+79 15 *+3.2 20 = 3.7 <0.0001 0.64 <0.0001
ECg, recovery (ng/liter) 128 =18 67 =17 70 = 8.4 0.004 0.91 0.001

Data are shown as mean = sem. Groups were compared with ANOVA, and post hoc contrasts were calculated between patients with active

disease and controls and between patients in remission and controls.

indicating complete recovery from and reversibility of
partial ACTH-cortisol down-regulation.

The first publications on plasma ACTH and serum cor-
tisol concentration profiles were descriptive (2, 3) or used
a simple pulse detection algorithm (4). Newer deconvo-
lution methods dissect the profile into a basal secretion
component, a series of hormone pulses (pulsatile compo-
nent), and the associated pulse wave-forms and half-lives.
Compared with previous publications, the present decon-
volution technology estimates lower ACTH secretory
burst frequency both in patients and controls, although
increased ACTH frequency was still noted in the tumorous
condition (8). Lower ACTH pulse frequency can be ex-
plained by the use of the automated operator-independent
time-intensive calculations and rigid statistical evaluation.
In contrast to ACTH, cortisol frequency was similar in all
three studied cohorts. As we described earlier, not every
ACTH pulse is followed by a cortisol pulse in Cushing’s
disease for unknown reasons (8). A possibility requiring
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FIG. 2. Dose-response curves of the plasma ACTH concentration and
cortisol secretion rate in 30 patients with active Cushing’s disease, 10
patients in long-term remission, and 36 healthy controls. The /ines
shown are based on the mean values of the logistic regression
function. The model shown here is the two-potency model (see
Subjects and Methods), so that for each group, the dose-response
curve consisted of two lines, one for the phase during which the ACTH
concentration rose, and one during which the ACTH concentration fell.
The two curves are parallel but display different ECs,, values. No
statistical difference was found between cured patients and controls.
In patients with active disease, the curves were displaced to the right,
denoting decreased potency (increased ECs), but with a higher
maximal value, denoting increased efficacy. The slopes of the curves
were similar, indicating unchanged sensitivity.

evaluation of larger cohorts is that subgroups of patients
may exist with high and low pulsatility, as others have
described (15). In the present study, we also noted de-
creased half-lives for ACTH and cortisol in patients. It is
conceivable that under an overload of cortisol, its metab-
olism is greatly enhanced, thus leading to increased clear-
ance from the circulation and decreased half-life. Whether
such a mechanism can explain a similar picture for ACTH
is not certain and requires additional study.

Interesting, but not readily explained, was a day-night
difference in the latency for attaining the maximal cortisol
secretion rates within bursts (mode), such that at night
bursts were narrower with an earlier maximum than dur-
ing the daytime in both cured and active patients. This

ACTH Potency in Cushing's Disease
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FIG. 3. ACTH potency during the initial and recovery phases in 30
patients with active Cushing’s disease, 10 patients in long-term
remission, and 36 healthy controls. Results are given as box-and-
whisker plots, showing the median, interquartile range, 90%
confidence interval, and extreme values. Statistical comparisons were
performed with ANOVA and appropriate post hoc contrasts. NS, Not
significant.
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finding suggests that long-term exposure to ACTH may
alter permanently the cortisol secretion process per se.

A striking finding of this study was the combination of
decreased ACTH potency and increased ACTH efficacy
without change in sensitivity. The change of potency, here
quantitated by ECs,, was present during both phases of
cortisol secretory bursts, i.e. the initial and recovery
phases. Previous investigations raised the possibility of
diminished responsiveness of the adrenal glands in pa-
tients with Cushing’s syndrome, but this postulate was
based on the ratio of 24-h secretion rates of cortisol and
ACTH (8). The formal dose-response model applied here
for the first time provides a mechanistic basis for adrenal
down-regulation, viz. reduced ACTH pulse potency. The
question arises of what factors produce the observed
changes in the ACTH-cortisol relationship in Cushing’s
disease. It seems logical to attribute the increased efficacy
(maximal cortisol concentration) to the expanded adrenal
cell mass and increased number of melanocortin-2 recep-
tors on adrenocortical cells, which is a hallmark of long-
term stimulation by ACTH, irrespective of its source (16).
The rightward shift of the dose-response curves suggests
competitive inhibition of ACTH-receptor signaling (17).
Because circulating ACTH molecules in Cushing’s disease
do not differ from those in normal subjects, it is likely that
postreceptor mechanisms are involved (18). This would be
consistent with demonstrable down-regulation of ACTH
action in vitro. The clinical consequence of the altered
nocturnal secretion pattern in cured patients is not known.

During the last two decades, it has become increasingly
clear that the adrenal gland is not an unregulated target for
ACTH but that the autonomic nervous system and intraa-
drenal hormone signals can modify steroidogenesis (19).
However, circulating hormones other than ACTH may
also modulate cortisol secretion. Indeed, leptin can di-
rectly inhibit glucocorticoid synthesis of the normal hu-
man and rat adrenal gland iz vitro (20, 21). It is thus
possible thata leptin-dependent protective mechanism op-
erates in Cushing’s disease. Interestingly, obesity is also
associated with decreased ACTH potency, but with un-
changed efficacy (22), as in Cushing’s disease. Increased
visceral fat mass characterizes both conditions, resulting
in insulin resistance and hypersecretion of various adipo-
kines. Another pathway for regulating glucocorticoid se-
cretion and adrenal gland responsiveness to ACTH in the
human and experimental animals is the functional supra-
chiasmatic-adrenal neuronal pathway. This route is re-
sponsible for the acute rise of serum cortisol concentration
without a rise in ACTH after bright light exposure and
contributes to modulating responsiveness of the adrenal
gland to ACTH (23). Whether this pathway diminishes
ACTH-cortisol coupling in obesity and Cushing’s disease
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with its associated increased sympathetic activity is not yet
known (24, 25).

It is well known that the hypothalamo-ACTH-cortisol
axis is activated in many patients with major depression,
which was demonstrated in the 1980s (26, 27). Several
arguments, both direct and indirect, suggest that the cen-
tral CRH system is activated (28,29). In addition, relatives
of patients with major depression have subtle abnormal-
ities of the hypothalamo-ACTH-cortisol axis before de-
veloping depression (30). Aberrations of the ACTH-cor-
tisol secretion in depression are thus common and in
Cushing’s disease by definition. On the other hand, al-
though in major depression, ACTH is activated by hypo-
thalamic abnormalities (e.g. CRH with a possible contri-
bution by arginine vasopressin), in Cushing’s disease with
its accompanying atypical depression, this is accom-
plished by unregulated tumorous ACTH production. One
might wonder whether the change in adrenal responsive-
ness as found in Cushing’s disease could be related to de-
pression per se. This question cannot be resolved yet, be-
cause there are no data on the ACTH-cortisol relation in
major depression studied with the tools applied here.

Compared with classical pharmacological dose-effect
studies of the hypothalamo-pituitary-adrenal system, the
major advantage of the current noninvasive analytical ap-
proach is that it does not interfere with the regulatory
system being examined. This is critical for physiological
validity. The ECs, in controls (20 = 3.7 ng/liter ACTH)
mirrors the magnitude found iz vitro (31) and in a large
cohort of more than 100 normal subjects sampled during
the night (7). In contrast, ECs, values in the range of 25-59
ng/liter have been in indirect studies, as discussed by
Keenan et al. (6). The noninvasive dose-response estima-
tion approach used here may have merit in evaluating
other pathophysiology, especially in the human.

In summary, this study identifies decreased ACTH po-
tency (increased ECs,) and increased efficacy (maximal
effect) with unchanged sensitivity (slope) in patients suf-
fering from Cushing’s disease. These abnormalities are
completely reversed after curative pituitary surgery.
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