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A B S T R A C T The regulation of plasma 8-melano-
cyte-stimulating hormone (,8-MSH) in man has been
studied utilizing a radioimmunoassay previously de-
scribed (1). In normal subjects plasma p-MSH values
ranged from 20 to 110 pg/ml. Metyrapone increased and
dexamethasone decreased plasma P-MSH levels. Surgi-
cal stress stimulated f-MSH secretion. Plasma P-MSH
levels were elevated in patients with untreated Addison's
disease and untreated congenital adrenal hyperplasia,
and these levels fell to normal during glucocorticoid ther-
apy. In patients with Cushing's syndrome due to pituitary
adrenocorticotropic hormone (ACTH) excess, plasma
fi-MSH was slightly elevated before treatment. In those
patients who developed pituitary tumors and hyperpig-
mentation after bilateral adrenalectomy, plasma P-MSH
was greatly elevated. In patients with Cushing's syndrome
due to adrenal tumor, plasma j9-MSH was subnormal.
In patients with the ectopic ACTH syndrome, the levels
of plasma f8-MSH were high. Plasma fi-MSH had a
diurnal variation in normal subjects, patients with Ad-
dison's disease, and patients with congenital adrenal
hyperplasia; but the normal diurnal variation was lost
in patients with Cushing's disease. In patients with high
plasma 8-MSH, simultaneous determinations of plasma
ACTH showed close correlation between the degree of
elevation of ACTH and that of 8-MSH. In extracts of
tumors from patients with the ectopic ACTH-MSH
syndrome the quantities of the two hormones were
roughly equivalent. In patients with hyperpigmentation
due to a variety of disorders other than pituitary-adrenal
abnormalities, plasma 8-MSH was normal. It is con-
cluded that the secretion of P-MSH is regulated by the
same factors that regulate ACTH.

INTRODUCTION
,8-Melanocyte-stimulating hormone (8-MSH) has previ-
ously been identified and quantified in the plasma of nor-
mal subjects and patients with addisonian hyperpigmen-
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tation by means of radioimmunoassay (1). On the basis
of these studies it was concluded that fi-MSH is prob-
ably the main pigmentary hormone in man and that the
degree of addisonian hyperpigmentation correlates well
with the degree of elevation of plasma fi-MSH.

In the present study the same radioimmunoassay tech-
nique has been employed to clarify the regulation of
P-MSH in normal subjects, patients with pituitary-
adrenal abnormalities, patients with the ectopic adreno-
corticotropic hormone (ACTH) syndrome, and pa-
tients with hyperpigmentation not associated with pitui-
tary or adrenal diseases. In addition, ,3-MSH and ACTH
were measured simultaneously in plasma samples and in
tumors from patients with the ectopic ACTH syndrome
to ascertain the quantitative relationship between these
two hormones in this recently discovered disorder.

METHODIS
Heparinized blood for p-MSH assay was collected by veni-
puncture, cooled immediately in ice, and the plasma was
separated within minutes in a refrigerated centrifuge. The
plasma was kept frozen on dry ice until extraction. Tissues
were collected at surgery or autopsy, frozen, and stored on
dry ice until extracted.
8-MSH was extracted from plasma or tissue and subjected

to radioimmunoassay by a method described previously (1).
Synthetic human fi-MSH was used as a standard. ACTH
was assayed in plasma by the method of Lipscomb and
Nelson (2). Those samples of crude plasma in which ACTH
was undetectable were extracted by the method of Island
et al. (3) before assay. ACTH was extracted from tumors
by the method of Island et al. (3) as subsequently modified
for the extraction of #-MSH from tissue (1). Plasma
17,21-dihydroxy-20-ketosteroids (17-OHCS) were deter-
mined by a modification of the method of Silber and
Porter (4).

RESULTS
Plasma f8-MSH levels in normal subjects. ,8-MSH

was measured on 70 different occasions in 20 ambula-
tory normal subjects between the ages of 17 and 40 yr.
The values ranged from 20 to 110 pg/ml with a mean

of 50 and a SD of 23.
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FIGURE 1 Left: Plasma f-MSH in normal subjects before
and after treatment with metyrapone. Blood was drawn at
6 a.m. just before the first dose of metyrapone (0.75 g every
4 hr) and again at 6 a.m. on the following day. Right:
Plasma 8-MSH in normal subjects before and after treat-
ment with dexamethasone. Blood was drawn at 6 a.m. before
the first dose of dexamethasone (1 mg every 6 hr) and
again at 6 a.m. on the following day.

Metyrapone and dexamethasone tests. 13 normal
subjects received 0.75 g of metyrapone orally every 4
hr for 1 day. Plasma was obtained for f-MSH assay
just before the first dose of metyrapone at 6 a.m. and
again at 6 a.m. on the following day. The results of this
study are shown on the left in Fig. 1. In all cases treat-
ment with metyrapone resulted in increased plasma
P-MSH levels.

10 other normal subjects were given 1 mg of dexa-
methasone orally every 6 hr for 1 day. Plasma was ob-
tained for P-MSH assay at 6 a.m. on the day treatment
was begun and 6 a.m. of the following day. The results
are depicted on the right in Fig. 1. In each case plasma
P-MSH was suppressed by dexamethasone, and in 7 of
the 10 it was reduced to less than 20 pg/ml.

Surgical stress. Plasma P-MSH was measured in
eight patients undergoing hysterectomy. Blood was
drawn for fi-MSH and 17-OHCS measurements 1 hr
before surgery and again 1 hr after the abdominal in-
cision was made. The results of this study are depicted
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FIGURE 3 Plasma p-MSH in normal subjects and patients
with Addison's disease, congenital adrenal hyperplasia, or
hypopituitarism. The horizontal lines represent the means
of various groups.

in Fig. 2. In all cases studied, plasma 8-MSH and 17-
OHCS were found to rise during surgery. Two of the
patients had plasma p-MSH levels above the normal
range before surgery, and plasma 17-OHCS were cor-
respondingly higher in these two patients.

Addison's disease. Plasma P-MSH was measured in
10 cases of untreated Addison's disease. All values were
greatly elevated, ranging from 266 to 1480 pg/ml with
a mean value of 797 pg/ml. In contrast, plasma 8-MSH
values in 10 well controlled addisonian patients were
all within the normal range (Fig. 3).

Congenital adrenal hyperplasia. Plasma p-MSH was
moderately elevated in three out of four patients with
untreated congenital adrenal hyperplasia (120-190 pg/
ml); a normal value was found in the fourth. During
treatment with corticosteroids, plasma P-MSH values
were found to be low to normal (Fig. 3).

Hypopituitarism. In nine patients with hypopitui-
tarism who required cortisol substitution therapy, plasma
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FIGURE 2 Plasma ,-MSH in response to surgical stress.
Blood was drawn for plasma #-MSH and 17-OHCS assays
1 hr before surgery and 1 hr after the laparotomy incision.
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FIGURE 4 Plasma 8-MSH in untreated Cushing's syndrome
due to pituitary ACTH excess, ectopic ACTH-MSH syn-
drome, and adrenal tumor.
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FIGURE 5 Plasma 8-MSH in Cushing's disease (post-
adrenalectomy). For comparison, the data for untreated
Cushing's disease in Fig. 4 are reproduced here. A = patients
who had previously undergone pituitary irradiation.

P-MSH values were low, ranging from a negligible level
to 46 pg/ml with a mean of 26 pg/ml. Although there
was some overlap between the values of normal subjects
and those of patients with hypopituitarism, the group

as a whole had plasma f8-MSH values which were sig-
nificantly lower than those in normal subjects (P < 0.01)
(Fig. 3).
Cushing's syndrome due to pituitary ACTH excess.

In 11 patients with untreated Cushing's syndrome due
to pituitary ACTH excess (Cushing's disease), plasma
P-MSH was moderately elevated. Four of these patients
had enlargement of the sella turcica, but their plasma
,f-MSH values were in the same range as those of pa-

tients who did not have sellar enlargement (Fig. 4).
Cushing's syndrome due to ACTH production by a

nonpituitary neoplasm (the ectopic ACTH-MSH syn-
drome). In 10 patients with untreated Cushing's syn-

drome due to ectopic ACTH, plasma #-MSH was ele-
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FIGURE 7 Diurnal variation of plasma 8-MSH in Addison's
disease, congenital adrenal hyperplasia, and Cushing's dis-
ease. Blood was drawn at 6 a.m. and 6 p.m. of the same day.

vated, ranging from 83 to 650 pg/ml with a mean of
341 pg/ml (Fig. 4). Three patients (not represented in
Fig. 4) who had been subjected to bilateral adrenalec-
tomy as treatment for their Cushing's syndrome had ex-

tremely high plasma j3-MSH values (900, 1190, and 5100
pg/ml) and were deeply pigmented.

Cushing's syndrome due to adrenal tumor. Three pa-

tients with untreated Cushing's syndrome due to adrenal
tumors (one adenoma and two carcinomas) had sub-
normal levels of plasma 8-MSH (Fig. 4).

Cushing's disease, postadrenalectomy. In nine patients
who had developed pituitary tumors and hyperpigmenta-
tion after adrenalectomy as treatment for Cushing's dis-
ease, plasma jS-MSH levels were extremely high, with
a mean value of 4335 pg/ml. In contrast, 12 patients who
did not develop pituitary tumors after adrenalectomy
for Cushing's disease had a mean plasma ,8-MSH value
of 365 pg/ml (Fig. 5).
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FIGURE 6 Diurnal variation of plasma #-MSH in normal
subjects. Blood was drawn at 6 a.m. and 6 p.m. of the
same day.
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FIGURE 8 Correlation of plasma 8-MSH and ACTH in
Addison's disease, Cushing's disease (postadrenalectomy)
and the ectopic ACTH-MSH syndrome. Highly purified
human ACTH was used as a standard in the ACTH bio-
assay.
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FIGURE 9 Correlation of E-MSH and ACTH in tumors
from patients with the ectopic ACTH-MSH syndrome.
ACTH and #-MSH are plotted in picograms per milligram
of wet tissue. Highly purified human ACTH was used as
a standard in the ACTH bioassay.

Diurnal variation of plasma 3-MSH in normal sub-
jects. Diurnal variation of plasma 8-MSH was ex-
amined in 16 normal subjects (Fig. 6). For the group
as a whole, values were higher at 6 a.m. than 6 p.m.
(P < 0.05).
Diurnal variation of plasma p-MSH in Addison's

disease, congenital adrenal hyperplasia, and Cushing's
disease. In eight patients with Addison's disease, plasma
P-MSH values were higher at 6 a.m. than at 6 p.m., and
in two cases of congenital adrenal hyperplasia a similar
diurnal variation was observed. For the 10 patients con-
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FIGURE 10 ACTH infusion study. 1 mg of highly purified
human ACTH was injected intravenously into a normal
subject at time 0. Blood was drawn from the opposite arm
at the times indicated on the abscissa. The concentrations of
,8-MSH and ACTH found in the subject's plasma at
various time intervals are plotted on the ordinate (log
scale). A sample of the injected ACTH was used as a
standard for the ACTH bioassay.

TABLE I

Pigmentary Disorders Associated with Normal
Plasma ,B-MSH Levels

No. of
Disorder cases

A. Hyperpigmentation
Renal tubular acidosis 2
Hyperthyroidism 3
Retinitis pigmentosa 2
Xeroderma pigmentosum 4
Liver cirrhosis I
Hodgkin's disease 1
Etiology unknown 5

B. Albinism 7

sidered as a group, the difference was statistically sig-
nificant (P < 0.05) .

In contrast, most of the patients with Cushing's dis-
ease did not have a normal diurnal variation of plasma
#-MSH (Fig. 7).

Correlation of plasma P-MSH and ACTH. Plasma
fi-MSH and ACTH were measured in the same plasma
samples from five patients with Addison's disease, 11 pa-
tients who had undergone bilateral adrenalectomy as
treatment for Cushing's disease, and six patients with
the ectopic ACTH-MSH syndrome. As shown in Fig.
8, significant positive correlation existed between the
plasma levels of P-MSH and ACTH, (r = 0.70, P <
0.001).

Correlation of p-MSH and ACTH in tumors from
patients with the ectopic ACTH-MSH syndrome.
P-MSH and ACTH were measured in the same extracts
of tumors from 15 patients with the ectopic ACTH-
MSH syndrome. As indicated in Fig. 9, a high degree
of positive correlation existed between the concentra-
tions of P-MSH and ACTH in these tumors (r = 0.91,
P <0.001).
Hyperpigmentation associated with disorders other

than pituitary-adrenal abnormalities. Patients with hy-
perpigmentation associated with renal tubular acidosis,
hyperthyroidism, retinitis pigmentosa, xeroderma pig-
mentosum, hepatic cirrhosis, and Hodgkin's disease had
normal plasma 8-MSH levels. In addition, seven albinos
had normal plasma 8-MSH (Table I). No racial dif-
ferences in plasma p-MSH levels were observed among
Caucasian, Negro, and Japanese subjects.
ACTH infusion study. Even though pure ACTH

does not interfere with the assay of f-MSH (1), the
theoretical possibility existed that the fi-MSH which
was measured by this radioimmunoassay technique might
represent metabolized ACTH. To exclude this possi-
bility the following experiment was done. 1 mg of highly
purified human ACTH was injected intravenously into
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a normal subject. As shown in Fig. 10, although plasma
ACTH reached a concentration of 71,000 pg/ml and
during the next 170 min gradually fell to 1220 pg/ml,
plasma p-MSH levels remained within the normal range.
It was concluded that ACTH metabolites do not inter-
fere to a significant degree with the determination of
P-MSH by the method employed in this study.

DISCUSSION

The secretion of fi-MSH by the normal human pituitary
appears to be regulated by three major factors. First,
glucocorticoids have a suppressive influence on 8-MSH
secretion. Thus, the administration of the synthetic glu-
cocorticoid, dexamethasone, to normal subjects causes a
decrease in plasma P-MSH, and the hypersecretion of
cortisol by an autonomous adrenocortical neoplasm is
associated with subnormal plasma levels of P-MSH. On
the other hand, impaired secretion of cortisol (due to
Addison's disease, congenitial adrenal hyperplasia, or
treatment with metyrapone) leads to an increase in
plasma P-MSH; and this increase can be reversed by
treatment with physiologic doses of cortisol or other
glucocorticoids. Second, there is a factor that confers
diurnal rhythmicity on fi-MSH secretion; as a conse-
quence, P-MSH concentrations in the plasma are higher
in the morning than in the evening. Third, stress such
as that associated with a laparotomy causes increased
secretion of P-MSH. It thus appears that the physiologic
regulation of p-MSH is under the influence of the same
factors that control the secretion of ACTH (5): gluco-
corticoids, diurnal rhythm, and stress.

In addition to the conditions mentioned above, in which
changes in fi-MSH and ACTH secretion occur as ap-
propriate responses by the normal pituitary to extra-
pituitary factors, there are a number of pathologic states
in which there appears to be a primary disturbance of
P-MSH (and ACTH) secretion. In hypopituitarism,
despite subnormal glucocorticoid levels, P-MSH levels
are subnormal. In Cushing's disease, despite supernor-
mal cortisol levels, 8-MSH levels are usually supernor-
mal and lack the normal diurnal rhythm. In patients with
the ectopic ACTH syndrome, nonpituitary tumors se-
crete P-MSH and give rise to supernormal plasma con-
centrations of this hormone. In all of these situations,
alterations in plasma p-MSH tend to parallel alterations
in plasma ACTH.

Since ,3-MSH appears to be a constant companion of
endogenous ACTH, the question has been raised as to
whether immunoreactive "8-MSH" might merely be a
degradation product of ACTH. This has been answered
in the negative, however, in experiments in which very
large quantities of pure ACTH were infused intrave-
nously, giving rise to extreme elevations of plasma
ACTH; neither the appearance of pure exogenous

ACTH in the circulation nor its disappearance from the
circulation resulted in appreciable increases in plasma
immunoreactive ,8-MSH.
Our data are consistent with the view that p-MSH is

the principal pigmentary hormone in man. Although
ACTH has intrinsic melanotropic activity, it is only
about 4% as active as P-MSH itself (6). Since the
concentrations of ACTH and ,8-MSH are approximately
equal in plasma, it is evident that ACTH does not con-
tribute a major portion of the melanotropic activity of
plasma. The concentrations of a-MSH have thus far
been too low to measure by radioimmunoassay. Fur-
thermore, if one performs bioassays and radioimmuno-
assays on the same plasma extracts, one can usually ac-
count for most of the biological MSH activity by the
quantity of 8-MSH measured by radioimmunoassay (1).
Thus, all of the available data support the view that
8-MSH is the principal melanocyte-stimulating factor
in human plasma. This conclusion requires the assump-
tion that the ratios of potency for these hormones are the
same in man as in the frog, even though the qualitative
character of the melanocyte response may be different
in the two species.

Evidence has been presented previously (1), and again
in this study, that the degree of chronic elevation of
circulating f-MSH is proportional to the degree of hy-
perpigmentation exhibited by affected patients. Pro-
nounced hyperpigmentation attributable to 8-MSH is
encountered in some patients with untreated Addison's
disease, some who have undergone bilateral adrenalec-
tomy for Cushing's disease, and some who have been
adrenalectomized as treatment for the "ectopic ACTH-
MSH syndrome." These disorders are to be distinguished
from other states of hyperpigmentation in which P-MSH
concentrations are quite normal; these include the hyper-
pigmentation occasionally seen in renal tubular acidosis,
hyperthyroidism, xeroderma pigmentosum, hepatic cir-
rhosis, and Hodgkin's disease.
The teleologic importance (if any) of 8-MSH in hu-

man physiology is unknown. Albinos, whose lack of pig-
mentation might (hypothetically) call forth increased
secretion of a teleologically useful pigmentary hormone,
have been found to have only normal plasma concentra-
tions of 8-MSH. Nor have there been racial differences
in 8-MSH that would fit either a teleological pattern or
provide an explanation for differences in racial pig-
mentation.

It can be concluded that 8-MSH production is closely
linked to ACTH production in health and disease. Al-
though the hyperpigmentation caused by extremely high
concentrations of f-MSH can be of diagnostic utility
and is sometimes a cosmetic problem to the patient, the
possible physiological importance of p-MSH in man
remains unknown.
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