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The role of ACTH in various clinical disor-
ders has been difficult to ascertain because the
available assay methods have lacked the sensitivity
necessary for valid quantitation of the hormone
in the plasma of normal subjects (1-4). Even
the method of Lipscomb and Nelson (5), the
most sensitive practical bioassay procedure now
available, usually requires the injection of at least
0.05 mUof ACTHper rat, if responses are to be
elicited that will be statistically significant with-
out the use of a prohibitive number of animals.
It is usually impractical to inject more than 5 ml
of crude human plasma into a single rat. There-
fore, in order to be accurately measurable by this
procedure, the concentration of ACTH in the
plasma must be at least 0.05 mUper 5 ml, or 1
mUper 100 ml.

Numerous studies indicate that normal plasma
levels of ACTHare well below this concentration.
Byr the adrenal ascorbic acid depletion assay
method, Sydnor, Sayers, Brown, and Tyler (1)
were unable to detect ACTH in plasma of normal
subjects, even after attempting to extract the hor-
mone with oxvcellulose in preparation for the bio-
assay. These workers concluded that blood
ACTH concentrations of normal human subjects
were less than 0.5 mUper 100 ml. Using a simi-
lar procedure, Fujita (3) estimated the normal
level of ACTHto be about 1 mUper L, i.e., 0.1
mUper 100 ml. Cooper and Nelson (6) were
able to detect ACTH in the plasma of only 3 of
10 patients before surgery, by a method that they

* Presented in part at the 44th annual meeting of The
Endocrine Society, June, 1962, Chicago, Ill. These
studies were supported in part by U. S. Public Health
Service grants-in-aid 5T1-5092, AM-05318, and OG-2.

t Permanent address: 1st Medical Department, Uni-
versity of Tokyo School of Medicine, Tokyo, Japan.

thought would enable them to detect 0.6 mUper
100 ml of plasma.

In contrast to these low values, Vance, Reddy,
Nelson, and Thorn (7) have recently reported the
value of 0.8 mUper 100 ml in the plasma of most
normal individuals tested. In some of the assays,
however, only single-dose levels of plasma were
used, and when multiple-dose levels of normal
plasma were used, significant regression of the
dose-response curves was not demonstrated. The
limitations of single-dose level biological assays
are well recognized (8). Paris and his associ-
ates (9), Sayers (10), and Munson (11) have
emphasized the desirability of performing ACTH
assays using multiple-dose levels of both the un-
known and a standard.

Our efforts to measure normal levels of ACTH
in plasma have been greatly facilitated by con-
centrating the hormone into a small volume be-
fore injection into the assay animals (12, 13).
It has thus been possible to inject into a single
assay animal the ACTHfrom as much as 80 ml of
plasma. Multiple-dose levels have been employed,
and dose-response curves have been obtained that
extend into the range corresponding to the steep
portion of the dose-response curve obtained with
the U.S.P. standard.

The statistical analyses of the ACTHassay data
in the present study were designed to answer four
questions. The first three are concerned with
individual plasma specimens, whereas the fourth
is concerned with the assessment of possible dif-
ferences among groups of specimens. First, what
is the potency of each unknown specimen com-
pared with the U.S.P. standard? Second, what
are the confidence limits on this estimate of po-
tency? Third, is the response to the unknown
specimen significantly different from the response
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to saline controls ? Fourth, are the values ob-
tained for one group of specimens significantly
different from those obtained for another group
(e.g., plasma from normal subjects versus plasma
from patients with Cushing's disease) ?

With these considerations in mind, we have at-
tempted to determine the concentrations of ACTH
in normal human plasma and to explore the quan-
titative relationship between ACTH concentra-
tions and the degree of adrenocortical activity as
judged from measurements of plasma and urinary
17-hydroxycorticosteroids (17-OHCS). Under
ordinary nonstressful circumstances, both the
plasma ACTH concentration and the degree of
adrenocortical activity were found to be confined to
rather narrow ranges. In order to extend these
ranges, constant iv infusions of exogenous ACTH
were administered for periods of 24 hours. No-
mograms relating plasma ACTHconcentration to
plasma and urinary corticosteroids were con-
structed for normal subjects. In similar fashion,
the relationships between steroid levels and en-
dogenous ACTH levels were studied in patients
with Cushing's disease 1 and in patients under-
going surgery.

METHODS

Healthy young men served as subj ects for these
studies. On 28 occasions, 9 subjects received constant
24-hour infusions of 1,500 ml of 0.9%o saline to which
ACTH2 had been added. The rate of infusion of ACTH
for the different studies ranged between 0.02 and 3.0 U
per hour. The infusions were begun at 8 a.m., and
blood specimens for ACTHand 17-OHCS determinations
were obtained at 6 p.m. and 6 a.m. during the infusions.
At least 6 days elapsed between any two infusions.

For our study of the diurnal fluctuation in plasma-
ACTH levels of normal subjects, 5 healthy young men
received constant 24-hour infusions of 1,500 ml of 0.9%
saline, without added ACTH. Blood specimens (usually
about 500 ml) were drawn at 6 p.m. and 6 a.m. during
the infusions. To extend these observations, blood
specimens were also drawn at 6 p.m. and 6 a.m. on 8
occasions from 6 normal subjects who were ambulatory
and carrying out their usual activities.

Blood specimens were obtained during the course of

1 "Cushing's disease" in this paper refers to hypercorti-
solism that may be presumed to be secondary to se-
cretion of ACTH by the pituitary as judged from the
qualitatively normal responses of steroid levels to stand-
ard tests with dexamethasone (14) and Metopirone (15).

2 Porcine ACTH, Parke, Davis and Company, De-
troit, Mich.

major surgical procedures from 11 patients who had
no apparent endocrine disease and who were not re-
ceiving corticosteroids or ACTH. In addition, blood and
urine specimens were obtained from 9 patients with
Cushing's disease at times when they were receiving no
medications and were free from any apparent stress. In
all our studies, plasma (16) and urinary (17) 17-OHCS
were determined by modifications of Silber and Porter's
method.

In preparation for the assay of ACTH in plasma, the
hormone was extracted into a small volume with a
carboxylic resin (Amberlite IRC-50, XE-64), by our
previously published method (12). Earlier studies (13)
have shown excellent recoveries of ACTH by this
method, in concentrations ranging from 1.7 to 46 mUper
100 ml plasma. The recovery experiments have re-
cently been extended by use of plasma containing no en-
dogenous ACTH, with known quantities of U.S.P.
ACTH added to give final concentrations ranging from
0.10 to 0.89 mU per 100 ml. The ACTH was then
extracted and assayed by the procedures outlined in this
section. Xn 11 such experiments, the mean recovery
was 102% with a SD of 41%.

The bioassay procedure was a modification of that
described by Lipscomb and Nelson (5). Male Sprague-
Dawley rats, each weighing approximately 200 g, were
hypophysectomized by a transaural approach. Two hours
after hypophysectomy, the material to be assayed was
injected into the femoral- vein, followed by 250 U of
heparin. From minutes 7 to 10 after the injection, blood
was drawn continuously from the left adrenal vein by
the technique of Munson and Toepel (18). The corti-
costerone content of the adrenal venous blood, determined
by the method of Silber, Busch, and Oslapas (19),
served as the index of dosage of ACTH.

On every assay day, 3 rats received saline, and 3 rats
at each of 3 dose levels were treated with U.S.P. ACTH.
Plasma extracts were tested at 2 or more dose levels,
with fourfold dosage intervals, and with 3 rats at each
level. For each assay, the mean estimate of potency of
the unknown relative to U.S.P. ACTH and the 95%
confidence limits on that estimate were calculated by the
method of Sayers, Sayers, and Woodbury (20). By
standard methods of calculating potency (with a linear
logarithmic dose-response curve), it is impossible to de-
rive a value of "zero" potency even when one knows
that there is no ACTH in the solution injected. We
have, therefore, compared the responses elicited by the
high dose of each unknown extract with those elicited by
saline controls. The t test (one-tailed) has been ap-
plied to determine whether the quantities of ACTH
were significant (p < 0.05). In actual practice, the re-
sponses to an unknown might be NS for a number of
reasons. There might be a negligible quantity of ACTH
present. On the other hand, ACTH might be present,
but the number of animals tested might be too small to
establish the point unequivocally.

A particular specimen need not differ significantly
from the saline control in order to be combined with
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several others and establish that one group of speci-
mens differs significantly from another group. Thus,
in comparison of one group of specimens with another
(e.g., normal a.m. versus normal p.m.), the mean of the
potencies for each group was calculated, and the sig-
nificance of the difference between means was evalu-
ated by the t test (two-tailed, p <0.05).

RESULTS

The quantities of normal plasma required for as-

saying ACTH. ACTH could not be measured
with certainty in crude plasma from normal sub-
jects even when quantities as great as 5 ml were

injected into each rat. Extraction of ACTHwith
IRC-50 resin, however, reduced the volume so

much that the equivalent of as much as 80 ml of
llasma could be injected into a single rat. As il-
lustrated in Figure 1, concentrated extracts repre-

senting 10 ml of plasma per rat failed to establish
a dose-response curve with regression significantly
different from zero even though 10 animals were

used. With extracts containing the equivalent of
20 ml of plasma, however, responses were ob-
served that were significantly greater than those
elicited by saline injections (p < 0.05). At this
dose level, an average of 4 rats was necessary to

establish the presence of significant amounts of

8
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FIG. 1. ADRENAL VENOUS CORTICOSTERONEOF HYPO-

PHYSECTOMIZEDRATS IN RESPONSETO GRADED DOSES OF

PLASMA OBTAINED FROM 11 NORMALSUBJECTS AT 6 A.M.

For volumes greater than 5 ml, the plasma specimens
were extracted; the quantities of plasma equivalent to
the extracts are indicated on the abscissa. Vertical bars
represent SE at each dose level. Numbers above the
bars indicate the numbers of rats tested.

TABLE I

Diurnal variation in plasma ACTH and 17-OHCS con-
centrations in normal subjects*

Plasma
Subject Time Plasma ACTH 17-OHCS

mU/100 ml ;Lg/100 ml
F.D. 6 a.m. 0.19(0.13-0.28) 23

6 p.m. 0.06(0.01-0.28)t 11

T.S. 6 a.m. 0.17(0.08-0.37)t 26
6 p.m. 0.10(0.05-0.20)t 11

J.G. 6 a.m. 0.11 (0.05-0.24)t 201
6 p.m. 0.05(0.01-0.59)t 7

F.D. 6 a.m. 0.18(0.08-0.39)t 21
6 p.m. 0.04(0.003-0.45)t 10

T. E. 6 a.m. 0.15(0.07-0.33)t 27
6 p.m. 0.10(0.02-0.54)t 12

F.H. 6 a.m. 0.59(0.41-0.85) 21
6 p.m. 0.06(0.02-0.17)t 3

K.B. 6 a.m. 0.10(0.06-0.15) 16
6 p.m. 0.10(0.06-0.15)t 8

H.M. 6 a.m. 0.30(0.17-0.55) 15

J.G. 6 a.m. 0.56(0.35-0.89) 16

M.J. 6 a.m. 0.40(0.26-0.61) 22

S.M. 6 a.m. 0.19(0.08-0.43)t 20
6 p.m. 0.23(0.10-0.51)t 11

T.F. 6 a.m. 0.10(0.03-0.31)t 21
6 o.m. 0.10(0.03-0.32)t 16

B.C. 6 a.m. 0.19(0.07-0.48)t 14
6 p).m. 0.25(0.08-0.73) 13

* The mean estimate of potency is indicated for each ACTHdeter-
mination, and 95% confidence limits are shown in parentheses.

t Assays in which responses elicited by the high dose of the unknown
were not significantly different from saline controls when compared by
the student t test (one-tailed, p > 0.05).

ACTH. At the higher dose levels (up to the
equivalent of 80 ml of plasma), 3 rats, on the av-
erage, were needed to establish that the responses
elicited by the extract were significantly different
from saline responses. Significant regression of
the dose-response curve was observed when the
injection into each rat represented the ACTH
extracted from 20 to 80 ml of normal plasma. In
general, then, it was necessary to obtain about 250
ml of plasma from the normal subjects for ACTH
assays. To be certain that the phlebotomy did
not by itself induce a discharge of ACTH, a 10-
ml blood specimen for 17-OHCS determination
was obtained 30 minutes after the initial veni-
puncture. Since the phlebotomy was never fol-
lowed by an increase in plasma 17-OHCS, we
assumed that it was not in itself causing an ap-
preciable increase in the ACTH level.

Diurnal variation of plasma ACTH and cor-
relation zeith plasma corticosteroids in normal
subjects. The concentrations of ACTH and 17-
OHCSin plasma obtained from normal subjects
at 6 p.m. have been compared with those ob-
tained at 6 a.m. (Table I and Figure 2). For
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estimates of ACTH in individual specimens of
plasma ranged from 0.10 to 0.59 mUper 100 ml,
with a group mean of 0.25 mUper 100 ml. In
6 of the 13 individual assays, the responses were
of such magnitude and consistency that it was
possible to satisfy statistical criteria of signifi-
cance. Taken as a group, the 6 a.m. plasma
specimens contained significantly greater concen-
trations of ACTH than did the 6 p.m. group
(p < 0.025).

Normal subjects receiving ACTH infusions.
With constant infusions of exogenous ACTH.

0.05 0.1 0.2 0.5 L.O

PLASMA ACTH mU./K00 ml.

FIG. 2. DIURNAL VARIATION IN PLASMA ACTH AND

17-OHCS IN NORMALMAN. Each value is a coordinate
for simultaneous plasma ACTH and 17-OHCS concen-
trations.

the 6 p.m. specimens, the estimates of ACTH in
individual specimens ranged from 0.04 to 0.25
mUper 100 ml, with a mean for the group of
0.11 mUper 100 ml. The concentrations of 17-
OHCSin specimens of plasma obtained at 6 p.m.

ranged from 3 to 16 ug per 100 ml.
At 6 a.m., plasma 17-OHCS were found to be

in the range of 14 to 27 ,tg per 100 ml. The
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we were able to adjust the concentration of this
hormone in the plasma to any desired level.
Plasma 17-OHCS concentrations could then be

5 20 correlated with a wide range of ACTH concen-

)OmI. trations. The data from this study are presented

DINATE VALUE in. Table II and Figure 3. The plasma 17-OHICS
7-OHCS CON- concentrations appeared to be rectilinear functions

)m. and open of the logarithm of plasma ACTH concentration
lues

rml suabe as long as the latter did not exceed 3 mUper
hour ACTH 100 ml. The r relating plasma 17-OHCS con-

centrations to plasma ACTHover this range was
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TABLE II

Plasma A CTHconcentrations and plasma and urinary 17-OHCS in 9 normal
subjects receiving 24-hour ACTHinfusions*

Time
during
ACTH Plasma Urinary

Subject infusion Plasma ACTH 17-OHCS 17-OHCS

hours mU/100 ml A1g/100 ml mg/24 hours
T.E. 10 5.56(3.93-7.88) 53

22 4.23(3.26-5.49) 50 62

10 10.18(5.30-19.4) 57
22 7.07(5.30-9.4) 61 58

F.H. 10 14.09(8.50-23.3) 68
22 6.33(4.67-8.59) 60 80

10 14.26(8.60-23.70) 61
22 8.67(5.90-12.70) 64 84

D.G. 10 0.09(0.03-0.28)t 19
22 0.09(0.03-0.27)t 26 12

10 0.19(0.08-0.42)t 18
22 0.17(0.07-0.41)t 21 10

10 1.49(0.58-3.87)t 32
22 1.38(0.51-3.72)t 35 45

10 2.76(1.73-4.42) 47
22 1.52(0.58-3.95) 44 44

10 4.00(2.89-5.54) 37
22 6.66(5.05-8.80) 43 45

10 19.29(8.90-42.0) 37
22 15.57(7.20-33.80) 39 41

T.S. 10 1.08(0.34-3.42) 45
22 1.54(0.61-3.86) 49 52

10 6.64(4.67-9.44) 47
22 7.27(5.39-9.80) 49 47

10 7.45(3.67-15.12) 37
22 9.29(5.40-16.00) 36 48

B.C. 10 1.03(0.66-1.60) 31
22 1.21(0.60-2.42) 41 37

10 1.08(0.26-4.58) 51
22 1.00(0.23-4.44) 55 70

S.G. 10 0.20(0.11-0.38)t 12
22 0.36(0.20-0.66)t 13 11

10 0.12(0.04-0.32)t 9
22 0.19(0.10-0.37) 22 18

10 1.03(0.60-1.78) 31
22 1.20(0.75-1.92) 41 37

R.H. 10 0.24(0.13-0.45)t 27
22 0.31(0.19-0.49) 17 25

10 0.38(0.16-0.92) 31
22 0.59(0.35-1.00) 38 52

* The paired values for plasma ACTHand 17-OHCS represent observations at different hours during the same in-
fusion. The mean estimate of potency has been calculated for each ACTH assay, and 95%, confidence limits are in
parentheses.

t Assays in which responses elicited by the high dose of the unknown were not significantly different from saline
controls when compared by t test (one-tailed, p > 0.05).
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TABLE ii-( Continued)

Time
during
ACTH Plasma Urinary

Subject infusion Plasma ACTH 17-OHCS 17-OHCS

hours mU/100 ml Jg/100 ml mg/24 hours
10 4.47(2.92-6.83) 39
22 2.47(1.33-4.62) 31 80

10 15.50(10.40-23.00) 42
22 6.50(4.20-9.92) 49 64

T.F. 10 0.14(0.05-0.39)t 29
22 0. 14(0.05-0.40)t 28 11

10 0.48(0.22-1.03) 23
22 0.77(0.41-1.46) 26 23

10 3.73(2.08-6.70) 57
22 3.43 (1.40-8.39)t 72 62

S.M. 10 0.20(0.08-0.51)t 21
22 0.34(0.17-0.70)t 25 15

10 0.29(0.12-0.74)t 22
22 0.30(0.14-0.72)t 30 18

10 2.77(1.46-5.25) 49
22 1.21(0.45-3.30)t 54 55

+ 0.82, a highly significant value (p < 0.001).
Above 3 ml per 100 ml, additional increments in
plasma ACTH failed to bring about further in-
creases in plasma 17-OHCS.

Urinary 17-OHCS were correlated with plasma
ACTH concentrations in much the same way
(Table II and Figure 4). There appeared to be
a rectilinear relationship between urinary 17-
OHCSand the logarithm of plasma ACTHwhen
ACTH levels were less than 3 ml per 100 ml.

TABLE III

Plasma ACTHand 17-OHCS concentrations in 11 patients
undergoing major surgery*

Plasma
Patient Operation Plasma ACTH 17-OHCS

mU/100 ml isgI100 ml
Bu Hysterectomy 1.10(0.53-2.24)t 27
My Hysterectomy 0.65 (0.33-1.28)t 33
Wi Hysterectomy 0.61 (0.30-1.20)f 23
Wo Hysterectomy 0.58(0.20-1.66) 33
Ask Thyroidectomy 1.16(0.79-1.72) 32
Har Cholecystectomy 0.50(0.24-1.05)t 31
Jo Hysterectomy 0.90(0.67-1.48) 36
Dav Hysterectomy 0.42 (0.13-1.35) 48
Ca Hysterectomy 0.70(0.31-1.58) 41
Bo Hysterectomy 0.43(0.15-1.22)t 34
Co Hysterectomy 1.11 (0.38-3.20)t 37

* The mean estimate of potency is shown for each ACTHdetermin-
ation, and 95% confidence limits are indicated in parentheses.

t Assays in which responses elicited by the high dose of the unknown
were not significantly different from saline controls when compared by
t test (one-tailed, p > 0.05).

The r for this portion of the curve was + 0.82
(significant at p < 0.001). Above 3 mUper 100
ml, additional increments in plasma ACTH pro-
duced no further increase in urinary 17-OHCS.
These results suggest that plasma levels of ap-
proximately 3 mUof ACTHper 100 ml are suffi-
cient to stimulate maximal adrenocortical activity.

Significant elevations in 17-OHCS could be
brought about by increments in plasma ACTH
that would have been too small to detect satis-
factorily in crude plasma. Only after the ex-
traction procedure could ACTH in concentra-
tions of between 0.5 and 1.0 mUper 100 nil be
measured satisfactorily. Even so, such concen-
trations of ACTH were obviously supraphysio-
logic, since they induced distinct increases in
plasma and urinary 17-OHCS in the normal
subjects.

Patients undergoing surgery (Table III). In
patients undergoing major surgery, plasma 17-
OHCSwere elevated, ranging from 23 to 48 jug
per 100 ml, and plasma ACTH concentrations
were also elevated to the range of 0.42 to 1.16
mUper 100 ml, with a mean of 0.74 mU per
100 ml. These values represent a significant in-
crease when compared with the 6 a.m. values of
the group of normal subjects (p < 0.001). With
one exception, the coordinate values relating
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ACTH to plasma 17-OHCS in the surgical pa-
tients fell within the range previously defined for
normal subjects receiving ACTH infusions (Fig-
ure 3); this evidence suggests that the increase
in plasma ACTHwas in itself a sufficient explana-
tion for the observed increases in 17-OHCS.

Once again, the utility of the extraction pro-
cedure for plasma ACTHbecame apparent, since
a large number of the specimens contained less
than 1 mUper 100 ml and a satisfactory assay
could not have been performed with crude plasma
alone.

Patients with Cushing's disease. The correla-
tion between 6 a.m. plasma ACTHconcentration
and plasma 1 7-OHCS in 9 patients with un-
treated Cushing's disease is shown in Table IV.
Plasma ACTH ranged from 0.14 to 1.81 mUper
100 ml, with a mean of 0.62 mU per 100 ml.
With two exceptions, the coordinate values for
simultaneous plasma ACTHand 17-OHCS con-
centrations fell within the range observed in
normal subjects during continuous infusions of
ACTH (Figure 3). While some of the patients
with Cushing's disease had plasma ACTH levels
comparable to the 6 a.m. levels of normal sub-
jects,. others had distinctly elevated plasma ACTH.
Taken as a group, the plasma ACTH concen-
trations of patients with Cushing's disease were
significantly higher than the 6 a.m. levels of nor-
mal subjects (p < 0.05).

TABLE IV

PlasmaPA CTH concentrations and plasma and urinary
17-OHCS in 9 patients with Cushing's disease*

Plasma Urinary
Patient Plasma ACTH 17-OHCS 17-OHCS

mU/100 ml yg/100 nl mg/24 hrs
Gil 6 a.m. 0.66(0.26-1.70) 25 25
Par 6 a.m. 034.(0.17-0.70) 16 18
Ki 6 a.m. 1.81(1.24-2.65) 34 27

Mo 6 a.m. 1.20(0.63-2.26) 23 35
Bo 6 a.m. 0.45 (0.14-1.44)t 30 20
Lo 6 a.m. 0.48(0.24-0.97) 31 41

6 p.m. 0.20(0.06-0.70) 37

Lu 6 a.m. 0.14(0.07-0.28)t 20 16
6 p.m. 0.47(0.19-1.20) 20

Gal 6 a.m. 0.15(0.06-0.36)t 19 16.4

Hu 6 a.m. 0.36(0.19-0.68) 53 38

* The mean estimate of potency is indicated for each ACTHdeter-
mination, and 95% confidence limits are indicated in parentheses.

t Assays in which responses elicited by the high dose of the unknown
were not significantly different from saline controls when compared by
I test (one-tailed, p > 0.05).

DISCUSSION

Our experience agrees with that of several
others (1-4) in indicating that the concentra-
tion of ACTH in the plasma of normal sub-
jects is too low to be measured satisfactorily by
direct assay of the unextracted plasma. With
preliminary extraction of the hormone from the
plasma, however, it is possible to administer as-
say doses eliciting responses large enough to per-
mit the construction of dose-response curves and
the calculation of potencies and confidence limits
by standard statistical procedures. Even then,
when only 3 assay animals are used at each
dose level, some specimens do not elicit responses
significantly different from saline controls. By
combining data from assaying several like speci-
mens, however, it is often possible to derive sta-
tistically significant results. Apparently, such
methods must be employed if attempts to dis-
criminate normal from moderately elevated ACTH
levels are to have any meaning. Because of
methodological difficulties, differences that are of
great physiological significance have often been
difficult to demonstrate as statistically significant.

The present study indicates that the normal
human adrenal cortex is remarkably sensitive to
small quantities of ACTH. The diurnal in-
crease in cortisol secretion occurring during the
early morning hours is attributable to ACTH
concentrations of the order of 0.25 mUper 100
ml. Later in the day, cortisol secretion diminishes
greatly, as plasma ACTH concentrations fall to
levels of the order of 0.11 mUper 100 ml.

The rise in plasma ACTHobserved in surgical
patients was similar to that recently reported by
Cooper and Nelson (6). Presumably, the rise
in plasma 17-OHCS occurring during surgery is
attributable to this increase in plasma ACTH.
The adrenal gland only rarely exhibits a maximal
secretory response to surgery. This is consistent
with our observation that, in the surgical patients,
plasma ACTH did not attain concentrations in
excess of the 3 mUper 100 ml that would evoke
maximal adrenocortical activity.

Our work indicates that the 6 a.m. plasma
ACTH levels of some patients with untreated
Cushing's disease are normal, whereas those of
others are distinctly elevated. Yet when these
assays are taken as a group, the mean value (0.62
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mUper 100 ml) is significantly greater than the
mean value (0.25 mUper 100 ml) of a group of
normal subjects at 6 a.m. Patients with Cush-
ing's disease lack diurnal variation in plasma
17-OHCS (21). Since 17-OHCS secretion is
apparently a function of ACTHin these patients,
probably they also lack normal diurnal variation
in ACTH secretion. Even though their plasma-
ACTH levels might be normal at 6 a.m., their
total daily production of ACTH (and 17-OHCS)
might well be excessive.

The findings of this study confirm and extend
those of Davies (22) indicating that ACTH is
elevated in patients with untreated Cushing's dis-
ease. These observations are also consistent
with those of Jailer, Longson, and Christy (23),
who, using adrenal weight maintenance as the
index of biological activity, found increased con-
centrations of a corticotrophic agent in the plasma
of patients with Cushing's disease.

SUMMARY

Through the use of a method for extracting
ACTHfrom plasma in preparation for biological
assay, it has been possible to obtain statistically
meaningful information concerning the con-
centrations of ACTH in the plasma of normal
subjects, patients with Cushing's disease, and pa-
tients undergoing major surgery. Plasma ACTH
concentrations have been correlated with adreno-
cortical activity, as reflected in plasma and uri-
nary 17-hydroxycorticosteroids (17-OHCS).

In normal subjects, the diurnal rise in plasma
1 7-OHCS was associated with a mean plasma
ACTHconcentration of 0.25 mUper 100 ml at
6 a.m. The diurnal decline in plasma 17-OHCS
was accompanied by a fall in ACTH concentra-
tions to a mean value of 0.11 mUper 100 ml at
6 p.m. To extend the range of observations cor-
relating adrenocortical activity with plasma ACTH
concentrations, we infused ACTH at constant
rates for 24-hour periods in normal subjects.
Plasma and urinary 17-OHCS appeared to be
rectilinear functions of the logarithm of plasma
ACTH concentrations, as long as the latter did
not exceed 3 mUper 100 ml. At or above this
concentration of plasma ACTH, maximal adreno-
cortical activity was observed.

In 11 endocrinologically normal patients under-

going major surgery, the usual increases in plasma
17-OHCS were associated with significant in-
creases in plasma ACTH concentrations, with a
mean value of 0.74 mUper 100 ml.

In patients with untreated Cushing's disease,
elevated plasma and urinary 17-OHCS were as-
sociated with, and were presumably a result of,
elevated plasma ACTH concentrations. The
mean value of 0.62 mUper 100 ml for a series of
9 patients with Cushing's disease was significantly
greater than that of a group of normal subjects
(p < 0.05).
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