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Using a new ACTH-immunoradiometric assay (IRMA), we measured plasma ACTH levels

in the basal states and during CRH test in normal subjects and the patients with

hypothalamo-pituitary disorders. The basal levels of plasma ACTH in 76 normal young

(2i45 yr) and 140 elderly (60-85 yr) subjects were 23.1+13.6, and 17.5+11.2 pglml,

respectively. The plasma ACTH levels were less than detection limit (5 pg/m/) in 3 patients

with isolated ACTH deficiency, and less than l0 pglm/ in 6 of 7 patients with hypopituitarism.

A significant correlation was observed between the basal levels of plasma ACTH and of

cortisol in two age groups, with almost the same regression line, showing no age-related

decline in the plasma levels of ACTH and cortisol. In 2 normal subjects and 2 patients with

Cushing's disease, synchronized secretions of ACTH and cortisol were observed between

0800h and 1800h. In normal subjects and the patients with pituitary disorders, a significant

correlation was observed between the Area Under the Curve's for plasma ACTH and cortisol

during the CRH test. The correlation constant was higher in normal subjects, but lower in the

patients with acromegaly, non-functioning pituitary tumor, and Cushing's disease in this

order, suggesting low sensitivity of the pituitary-adrenal axis in these patients. These results

suggest that the ACTH-IRMA kit provide reliable data for clinical investigation, and that the

secretions of ACTH and cortisol correlate each other in basal states and during the CRH test

in the patients with pituitary disorders as well as in normal subjects.
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munoradiometric assay (IRMA)

ACTH and cortisol play important rolcs

in thc pathophysiology of thc pituitary―

adrcnal axis in normal and discascd statcs.

Thc plasma conccntration of ACTH has
been  mcasurcd  by  radioiinmunoassay

(RIA)2,4,19),but it has not always g市 cn

satisfactory rcsults by non― spcciflc intcrfcr―

cncc of thc plasma and thc assay sensitivity.

In addition, thcre has been contravcrsy
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Recently, the immunoradiometric assay

(IRMA) for ACTH has been developed by
Ratter et al. 20), and followed by providing
thc ACTH-IRMA Kit 10,27). ThC ACTH-
IRMA kit "Mitsubishiyuka" developed re-
cently, showed high sensitivity, specificity
and precision as reported previouslyll).
Using this kit, we monitored the changes in
the plasma ACTH levels in basal states and
during the CRH test in normal and diseased

states, and evaluated the correlation be-

tween the plasma levels of ACTH and
cortisol.
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Subjects
Seventy-six young subjects aged 2V45

years and 140 elderly subjects aged 6G-85
years who were nothing particular in physic-
al, biochemical and hormonal examination,
were examined as normal controls. The
patients with hypothalamo-pituitary dis-

orders (Table l) were diagnosed by clinical
manifestations and hormonal and morpho-
logical examinations. The study was
approved by the Human Subjects Protection
Commitee, School of Medicine, the Uni-
versity of Tokushima, and the informed
consent for the study was obtained from all
volunteers and patients.

To measure the basal levels of plasma
ACTH and cortisol, the blood was with-

Table 1.

Responses of plasma ACTH and cortisol during CRH test

plasma ACTH plasma cortisol
Case age sex

basal peak AUC
No. (y0 M/F (pg/ml) (pg/ml) (pg.hr/ml)

basal peak
(pg/ml) (pg/ml)

AUC
(pg・ hr/ml)
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Cushing's disease
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non-functioning
pituitary tumor
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３３
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３
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５

６

７
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９

０

１

２

３

４
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６
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２４
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２６
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２８
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M
M
M
M
M
M
F
F
F
F
F
F
F
M
F
F
F
M
F
F
F
M
M
M
M
F
M
F
F
M
F
M
M
F

463
172
353
103
51
269
899
702
977
418
1469
1150
600
290
75
200
230
95
245
291
31 5

232
269
204
171
290
163
314
82
87
40
70
34
55

847
594
750
478
233
600
1422
935

189 1

1396
2649
2320
1290
1820
323
288
476
182
648
535
590
385
819
558
659
297
299
803
88
95
143
162
35
68

360
454
304
584
175
461
411
267
390
676
267
680
589
1335
242
44
273
48
480
306
132
276
463
345
413
02
67
461
05
02
88
112
01
03

113
205
157
52
172
100
300
210
188
15 1

371
356
235
238
117
80
195
170
132
148
110
82
110
108
95
192
159
93
10
31
10
18
11
10

178
364
194
230
211
223
514
355
403
324
565
576
438
356
329
186
329
250
174
196
191
188
225
225
150
21 3

189
289
18
35
13
33
11
13

92
207
32
248
42
149
299
122
210
219
214
155
257
116
249
132
134
40
37
91
90
142
66
116
72
19
21
209
07
02
03
08
01
02

hypopituitarism



CORRELATION OF ACTH AND CORTISOL LEVELS BY IRMA

drawn from the antecubital vein into polys-

tyrene tube containing I mg EDTA-2Na
and 400 untis Trasylol/m/ of plasma keeping
rest at 0800-0900 h after overnight fast' The
tube was centrifuged immediately, and the

separated plasma was frozen at -70'C until
hormone assay.

Daytime profile of plasma levels of ACTH
and cortisol

Two normal men and 2 Patients with
Cushing's disease were studied' After over-
night fast and at rest, a 21-gauge indwelling
needle was inserted into the antecubital vein
and the blood sample was drawn every 20

min between 080G-1800h.
CRH test

CRH (100 pg, PePtide Institute Inc.,
Japan) was dissolved in sterile distilled
water, and filtered on a Millipore filter
before use. The CRH test was performed at

bed rest after an overnight fast. At least 30

min prior to start the test, a Zl-gauge
indwelling needle was inserted into the

antecubital vein. CRH was given to the

subjects at 080H900h, and the blood sam-

ples were drawn at 0, 15, 30, 60, 90, 120 min

to measure the plasma levels of ACTH and

cortisol.
Immunoradiometic assay (IRMA) of hu-
man ACTH

The plasma ACTH levels were measured
by ACTH IRMA kit "Mitsubishiyuka" as

reported previouslyr r). This kit used a

monoclonal and polyclonal antisera raised
against synthetic human ACTH(1-39). A
monoclonal antibody, specific for the 18-39
position of aminoacid sequence of human
ACTH, was immobilized on polystyrene
beads as solid phase, and a polyclonal
antiserum specific for the l-24 sequence was
radiolabelled with t2sl The radioactivity on
the solid phase is proportional to the
amount of ACTH present in the specimen.
The minimum detection limit of this assay

was approximately 5 pglml, and the ranges
of the intra- and interassay coefficients of
variation were 3.1-6.7o/o and 72.6-14.lVo.

respectively.
Radioimmunoassay of plasma cortisol

Plasma cortisol concentration was mea-
sured using Cortisol RIA kit, Daiichi
Radioisotope, Tokyo, Japan.
Statistical analysis

Data are expressed as means+SD. Unde-
tectable plasma hormone concentration was

assigned as a value of the detection limit of
the assay to calculate means+SD. The
significance of difference of values in diffe-
rent groups was analyzed by Student's t-test.

Each individual ACTH and cortisol pro-
file was analyzed to determine the frequency
of episodic hormone secretion. An objective
peak detection algorithm (Cluster analysis)
was used26). In the Cluster program, a

power function fit of local variance, a one by

one point cluster size, and a statistic of
either 2.32 or 1 for significant increases/
decreases was used for in 20-min sampling, a

1 x 1 cluster size and I statistic of t have been

found to minimize both type I and type II
errors in pulse detection2s'26).

Rr,sulrs

Plasma ACTH levels in normal subjects and
patients with hypothalamo-pituitary dis-
orders

The plasma ACTH levels at 080H900
AM in normal subjects and patients with
endocrine disorders were shown in Fig. 1.

The plasma ACTH levels in the young and
elderly men were 23.1+13.6 pg/m/ and
17.5+11.2 pglml, respectively, and there
was no difference between the two age
groups. The plasma ACTH levels were
elevated in the patients with Cushing's
disease, ectopic ACTH syndrome, Addi-
son's disease or anorexia nervosa. In con-
trast, the plasma ACTH levels were less

than detection limit (5 pg/m/) in 3 patients
with isolated ACTH deficiency, and less

than 10 pg/m/ in 6 of 7 patients with
hypopituitarism.
Correlation between plasma levels of ACTH'
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Plasma ACTH(pg/ml)

100          200

normal young

normal elderly
||11880

Cushing's disease

ectopic ACTH syndrome

Addison's disease

anorex:a nervosa t oro o o o

hypothalamic disorders oto o

hypopituitarism

iso!ated ACTH deficiencv

pituitary tumor Itooot r

Fig. 1. Plasma ACTH levels in normal subjects and patients with hypothalamo-
pituitary disorders. Hypothalamic disorder includes: suprasellar germi-
noma 2, craniopharyngioma 2, Prader-Willi syndrome 2, Hand-schriller-
Christian disease 1. Kallmann svndrome 2.
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and cortisol in normal young and elderly
men

The correlation between the levels of
ACTH and cortisol at 0800h-0900h in nor-
mal young and elderly men were shown in
Fig. 2. Positive correlation were observed

ELDERLY
(60-85yr)
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between them (r:0.51, p<0.01 and r:0.45,
p<0.01, respectively) in each group, with
almost the same regression lines.
Daytime profile of plasma ACTH and corti-
sol levels and correlation of them between in
normal subjects and in patients with
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Case l 〈24vr, M)

Case 2 (32vr, M)

8 I 10 l't 12 13 14 't5 16 17 l8

clock time

Fig. 3. Daytime profile and correlation of plasma levels of ACTH and cortisol between 0800h and

1800h in normal subjects (case 1 and 2) and patients with Cushing's disease (case 3 and.l).
Significant pulses are indicated with asterisks.

Cushing's disease in normal subjects (case 1 and 2) and
The responses of plasma ACTH and patients with Cushing's disease (case 3 and

cortisol during CRH test are shown in Table 4) were shown in Fig. 3. In addition, the
1. The changes in plasma ACTH and correlations between plasma levels of
cortisol concentrations from 800h to 1800h ACTH and cortisol were shown. The plas-
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ma levels of ACTH and cortisol gradually
declined from morning to late afternoon in
case 1. and rose between 1000h and 7240hin
case 2. On the other hand, plasma ACTH
and cortisol levels maintained a high level
for 10 hours in two patients with Cushing's
disease. In these four cases, there was a

significant correlation between plasma

levels of ACTH and cortisol, and episodic
secretions of ACTH and cortisol were
almost synchronized.
Correlation between plasma levels of ACTH
and cortisol in the patients with pituitary
disorders

Correlation between plasma levels of
ACTH and cortisol during the CRH test in 6
normal young men and in the patients with
pituitary disorders (n:28) was shown in Fig.

4. The plasma levels of ACTH and cortisol
were less than normal limit in the patients
with hypopituitarism (p<0.001), within nor-

0 50 100 150

plasma ACTH (pglml)

Fig. 4. Correlation between plasma levels of ACTH
and cortisol in patients with pituitary dis-

orders.
O normal, O hypopituitarism, E acromegaly,
A Cushing's disease I non-functioning pituit-
ary tumor

mal range in the patients with acromegaly or
non-function pituitary tumor, and elevated
in the patients with Cushing's disease. Plas-
ma ACTH levels were significantly corre-
lated with plasma cortisol levels in these
subjects (r:0.80, p<0.01, y:0.22X + 6.6,
n:34).
Correlation between Area Under the Curves
(AUC's) for plasma levels of ACTH and
those of cortisol during the CRH test in
patients with pituitary disorders

Correlation between AUC's for plasma
levels of ACTH and those of cortisol during
the CRH test was calculated in normal men
(n:6, aged 21-30yr) and in the patients with
hypopituitarism (n:6), acromegaly (n:7),
Cushing's disease (n:8) and non-
functioning pituitary tumor (n:7) (Fig. 5).
The AUC's for plasma levels of ACTH and
those of cortisol were low in the patients
with hypopituitarism (p<0.01), in normal

0 50 100

AUC for plasma ACTH (pg. hrlml)
Correlation between area under the curves for
plasma ACTH and cortisol during the CRH
test in patients with pituitary disorders.
O normal, O hypopituitarism, E acromegaly,
A Cushing's disease I non-functioning pituit-
ary tumor
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range in the patients with non-functioning
pituitary tumor, and high in the patients
with Cushing's disease. In the acromegalic
patients, the AUC for ACTH was signi-
ficantly lower than normal (p<0.05). Cor-
relation between them was highly positive in
normal subjects. The AUC's for plasma
ACTH and cortisol in all subjects were
significantly correlated (r:0.52, p<0.01.
Y:0.17X + 5.9, n:34), although rather
dispersed distribution was seen in the pa-
tients with acromegaly and Cushing's dis-
ease.

DtscussloN

We found that the basal levels of plasma
ACTH in normal young and elderly subjects
were not significantly different. This finding
is consistent with a previous report of no
age-related difference in the basal plasma
ACTH levels in young (18-30yr) and elderly
(70-94yr) subjectsr3).

As to age-related change in the basal level
of plasma cortisol, contraversial data have
been reported; age-related change is
present-s'e'18'23) or absentl'3'24). Our results
showed no significant differences between
the plasma levels of cortisol in young and
elderly control subjects. Moreover, the re-
gression lines for the correlations between
the basal levels of plasma ACTH and
cortisol in young and elderly subjects were
almost the same (Y:0.20X + 7.39,
Y:0.19X + 8.74). These facts suggest no
age-related decline of ACTH-cortisol axis,
although the times of the nadir, peak
concentration and acrophase of the cortisol
level were reported to be significantly ear-
lier in older subjects than in younger
ones22'23).

The basal levels of plasma ACTH were
higher than normal range in 6 of 8 patients
with Cushing's disease in our series. The
patients with ectopic ACTH syndrome and
Addison's disease had extremely high plas-
ma ACTH concentrations. In contrast. the

basal levels of plasma ACTH were below
the detection limit in the patients with
isolated ACTH deficiency, and were 10
pg/m/ in 6 of 7 patients with hypopituitar-
ism. The commercial ACTH kits previously
used occasionally gave normal values even
in the patients with hypopituitarism. There-
fore, the data on plasma ACTH obtained in
the study seemed to be reasonable for the
diseases.

The daytime profiles of plasma concentra-
tions of ACTH and cortisol were studied in
normal subjects and patients with Cushing's
disease. The levels of the two changed in
parallel and were closely correlated with
each other. These findings are not consistent
with a previous report of no apparent
parallelism between the plasma levels of
ACTH and cortisol determined very 30 min
for 24 hoursla). The dissociation between
the secretions of cortisol and ACTH secre-
tion was explained by the assay methodolo-
gy, the timing of collection and processing
of the samplesr6). When the secretory pat-
terns of ACTH and cortisol in men were
investigated at 5-min intervals, cortisol
secretion seemed to begin about 10 min
after the initiation of ACTH secretion, but a

20-min sampling program gave a rough
secretory patterns). In our protocols, (1)
blood sampling was done every 20 min, (2)
blood samples were put into the test tube
containing EDTA and trasylol and the
plasma was immediately frozen until the
assay, and (3) ACTH-IRMA kit was used
for assay. The measurement of plasma
ACTH for 10 hours in daytime provides
reliable data for evaluating the profile of
ACTH and cortisol secretion.

In 2 normal subjects and 2 patients with
Cushing's disease studied, 3-5 episodes of
significant episodic ACTH secretion, and
6-7 episodes of significant episodic cortisol
secretions were seen within 10 hours. These
findings are consistent with the report of
Refetoff et al.2r) of pulsatile secretions of
ACTH and cortisol 10-12 times in 24 hours
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in normal subjects and patients with
Cushing's disease. Liu et aI.17) reported that
62ok and 74o/o of cortisol pulse were pre-
ceded by ACTH secretion in normal
females and patients with Cushing's disease,
respectively. On the other hand, increase in
cortisol secretion without any significant
change in ACTH secretion was observed
after methamphetamine administration, in
the early morning and post-prandially6'7).
They postulated the existence of factors
other than ACTH that play a physiological
role in cortisol secretion, such as 1) direct
sympathetic innervation to the adrenal cor-
tex,2) indirect sympathetic activation of the
adrenal cortex by a paracrine intermediate
step involving the adrenal medulla, and 3)
humoral factors that modulate adrenal re-
sponsiveness to ACTH or directly stimulate
the adrenal. Our results showed a significant
correlation between the plasma levels of
ACTH and cortisol, suggesting the direct
activation of cortisol secretion by ACTH.

In a normal male (case 2), the plasma
ACTH and cortisol levels showed acute
elevation at 10:00-12:40 when the subject
was resting but thinking about a serious
matter. This suggests that psychological
stress can induce acute secretions of ACTH
and cortisol. Except in this period, the
amplitudes of secretions of ACTH and
cortisol were larger in the patients with
Cushing's disease than in normal subjects.
However, the amplitude of the cortisol
pulse did not correlate with that of ACTH,
suggesting altered sensitivity of the adrenal
cortex to ACTHU'I2''s). Moreover, an in-
creased ACTH pulse rather than increase in
its frequency would be responsible for the
elevated cortisol levels in patients with
Cushing's diseaselT).

A significant correlation was observed
between the basal levels of plasma ACTH
and cortisol in all the patients studied except
Cushing's disease and hypopituitarism.
Therefore. in the former, the basal level of
plasma ACTH measured with the IRMA kit

may reflect, at least in part, the plasma
cortisol concentration and the function of
the ACTH-cortisol axis.

A correlation between the AUC's of
plasma ACTH and cortisol during the CRH
test was found in the patients with pituitary
disorders. In 6 normal subjects, the correla-
tion coefficient was high, indicating the
secretions of ACTH and cortisol were close-
ly parallel. In contrast, the levels of both
hormones in the patients with Cushing's
disease showed dispersed distributions, in-
dicating variations in the responses of
ACTH and cortisol in individual cases. This
was probably due to different sensitivities of
ACTH-producing pituitary adenomas and
the adrenal cortex to CRH. In acromegaly,
the AUC for plasma ACTH was significant-
ly lower than normal, although the AUC for
plasma cortisol was within normal range.
This is probably because excess GH re-
leased from the pituitary may affect the
ACTH-cortisol axis.

In summary, the plasma ACTH levels
measured with the ACTH IRMA kit in
normal subjects and patients with hypotha-
lamo-pituitary disorders gave reasonable
data for pathophysiology of ACTH secre-
tion. The function of the pituitary-adrenal
axis did not show age-related decline, and
the daytime profiles of plasma ACTH and
cortisol concentrations showed a significant
correlation in normal subjects and patients
with Cushing's disease. The AUC's for
plasma ACTH and cortisol during the CRH
test showed various responses correspond-
ing to the diseased states.
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