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The Nature of the Immunoreactive Lipotropins in

Human Plasma and Tissue Extracts

KoSHI TANAKA, WENDELLE. NICHOLSON, and DAVID N. ORTH, Department of
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Nashville, Tennessee 37232

A B S T RA C T This study was designed to establish
definitively the nature of immunoreactive lipotropin
(IR-LPH) in human plasma and tissue extracts. Using
gel filtration, gel filtration under denaturing conditions,
cationic exchange chromatography, immunoprecipita-
tion, and radioimmunoassay, we have studied normal
and tumorous human pituitaries, ectopic ACTH- and
LPH-secreting tumors, plasma f'rom normal subjects
before and after dexamethasone administration, and
plasma from patients with primary adrenal insuf-
ficiency and pituitary and nonpituitary ACTH- and
LPH-secreting tumors. Except in the plasma and
tumors of' occasional patients with ectopic ACTHsyn-
drome, the smallest IR-LPH appears to be y-lipo-
tropin (yLPH), which is often the predominant and
occasionally the only IR-LPH present. The other major
peptide appears to be 8LPH, a 91-amino acid mole-
cule that contains 'yLPH as its 1-58 sequence. Larger
immunoreactive materials were observed in some
specimens, but the "big" LPH in one plasma was
shown to be 'yLPH bound to IgG.

The weak melanocyte-stimulating activity of LPH
suggests that ACTHmay be the principal pigmentary
hormone in man. The fact that yLPH, rather than
,BLPH, is the predominant form in plasma suggests
that the enkephalin-endorphin opiate peptides, which
are contained in the "missing" 59-91 sequence from
the BLPH precursor of' yLPH, may be secreted in
parallel with ACTH under both physiological and
pathological conditions in man.

INTRODUCTION
The radioimmunoassay (RIA)' studies of Abe et al.
(1-3) appeared to establish that the 22 amino acid
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1 Abbreviation.s used itn this paper: Gdn, guanidine; IR,
immunoreactive; Kd, fractional elution volume; LPH,
I ipotropini; MSH, melanocyte-stimntlati ig hormonie.

polypeptide, human 3-melanocyte-stimulating hor-
mone (h,fMSH) (4) was the principal pigmentary hor-
mone in man. However, Scott and Lowry (5) and
Bloomfield et al. (6) reinvestigated the nature of im-
munoreactive (IR) h,JMSH and were unable to demon-
strate a molecule of this size in extracts of normal
human pituitary or in unextracted plasma from two pa-
tients with pituitary tumors and progressive hyper-
pigmentation after total bilateral adrenalectomy for
Cushing's disease (Nelson's syndrome). Instead, they
found that most IR-,fMSH corresponded in size to
,8-lipotropin (,BLPH), a 91 amino acid molecule whose
37-58 sequence is identical with that of h,/MSH (7)
with lesser amounts corresponding in size to yLPH
([ 1-58],3LPH) in pituitary extracts (5) but not in plasma
(6). Therefore, they questioned the existence of
h,3MSH and presented evidence that it was an artifact
produced by enzymic degradation of ,JLPH during the
weak acid extraction originally employed for isolating
h,8MSH from human pituitaries (8). These observa-
tions have been confirmed by ourselves and others
(9-12). However, although our preliminary studies
(9-11) and the published work of others (12) suggested
that ,3LPH was the smallest IR-LPH in human plasma
and tissue, we more recently found evidence that yLPH
concentrations might equal or exceed those of' LPH
in many human plasma and tissue specimens. The
potential importance of this distinction is that the 61-
91 sequence of ,BLPH contains the endogenous opiate-
like peptides, methionine-enkephalin (13) and the
endorphins (14, 15). Thus, if a major circulating LPH
were 'yLPH, the opiate peptides contained in the
remaining 59-91 sequence of the 8LPH precursor
molecule might also circulate in plasma and possibly
exert their effects on a variety of' target tissues.

In this study, the apparent molecular sizes of IR-LPH
in unextracted human plasma and extracts of plasma
and tissues were characterized by gel filtration and
compared with those of highly purified reference
h,3LPH and hyLPH.
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METHODS

Preparation of samples
Pituitary tissue. A single normal whole human pituitary

gland obtained at autopsy and fresh-frozen whole human
pituitary glands provided by the National Pituitary Agency
were stored at -700C until they were extracted. The f'rozen
glands were homogenized in ice-cold glacial acetic acid (19
ml/g tissue) by three 15-s bursts in a Waring blender
(Waring Products Div., Dynamics Corp. of America, New
Hartford, Conn.), cooling the contents of the blender cup in
an ice bath between bursts. The homogenate was centri-
fuged at 6,000 g for 20 min at 4°C, and the supernate was
stored at -700C.

Pituitary tumor culture medium. A pituitary tumor caus-
ing Nelson's syndrome (progressive hyperpigmentation after
bilateral total adrenalectomy as treatment for Cushing's
disease) was obtained at surgery. The tumor cells were dis-
persed and cultured at 37°C in Dulbecco's modified Eagle's
minimal essential medium (North American Biologicals,
Inc., Miami, Fla.) containing 15% horse serum and 2.5%
fetal calf serum (Grand Island Biological Co., Grand Island,
N. Y.) under a 12% CO2 atmosphere. After 2 wk of culture,
during which the medium was replaced every 2-4 days,
the medium was aspirated, the adherent cells were washed
several times with 10-20 ml of fresh medium, and 25 ml of
fresh medium was added. After an additional 3 days of' in-
cubation, the medium was aspirated, centrifuged at 6,000 g
for 15 min at 4°C, and the supernate was carefully decanted
and stored at -70°C.

Nonpituitary tumor tissue. Tumor tissues (a medullary
carcinoma of the thyroid, a pancreatic islet cell carcinoma,
and an epithelial thymoma) causing the ectopic ACTH syn-
drome were obtained from three patients at surgery and
homogenized immediately or after storage at -70°C in ice-
cold deionized, glass-distilled water (9.0 ml/g tissue); the
supernate was prepared and stored as described above.

Plasma. Lightly heparinized blood was obtained from
normal subjects, one patient with untreated primary adrenal
insufficiency (Addison's disease), four patients with Nelson's
syndrome, and three patients with ectopic ACTHsyndrome.
Endogenous IR-LPH was suppressed in normal subjects by
oral administration of dexamethasone, 2 mg at bedtime and
2 mg the next morning; blood was obtained 2 h later. All
blood was chilled immediately and centrifuged at 2,000 g
for 15 min at 40C. Plasma was aspirated, transferred to
another polypropylene tube, and centrifuged at 6,000 g for 10
min at 40C (16). The plasma was carefully decanted and
stored at -70°C.

Gel exclusion chromatography
All chromatography was performed at 4°C. Five different

columns were prepared for the purposes of this study.
Large G-50 column. This column was used for initial

analyses of plasma and tissue extracts. A 5 x 90-cm column
was packed with Sephadex G-50 fine resin (Pharmacia Fine
Chemicals, Div. of Pharmacia Inc., Piscataway, N. J.), e(quili-
brated, and developed with 0.1 Mammonium acetate that was
adjusted to pH 7.4 with 14.8 M ammonium hydroxide.
Samples and calibration standards were eluted by descend-
inig flow (50 cm hydrostatic pressure, 3.8 ml/cm2 per h) and
16.8-ml fractions were collected. Calibration standards were
dissolved in 10 ml of column buffer, and the sample volume
was 10 ml or was diluted 10 ml with the column buffer,
except for 34.6 and 36.2 ml of two tumor extracts that were
applied.

Small G-50 column. This column was used f'or studies of
extraction efficiency. A 1.6 x 88-em column was prepared in
the manner described above. A 2-ml sample or calibration
standard was eluted by descending flow (23 cm hydrostatic
pressure, 4.5 ml/cm2 per h), and 1.6-ml fractions were
collected.

G-75 Column. This column was used to characterize IR-
LPH in an extract of pooled human pituitaries. A 5 x 90-
cm column of' Sephadex G-75 (Pharmacia Fine Chemicals,
Div. of Pharmacia Inc.) was prepared as described above.
20-ml samples or standards were eluted by deseendinig flow
(50 cm hydrostatic pressure, 3.8 ml/cm2 per h), and 17.0-ml
fractions were collected.

G-100 Column. This column was used to characterize
IR-LPH in plasma from a patient with Nelson's syndrome. A
5 x 90-cm column of Sephadex G-100 (Pharmacia Fine
Chemicals, Div. of Pharmacia Inc.) was prepared as de-
scribed above. 10 ml of samples or standards was eluted by
gravity flow (35 cm hydrostatic pressure, 2.7 ml/cm2 per h),
and 17.0-ml fractions were collected.

CL-6Blguanidine-HC1 column. This column was used
to characterize IR-LPH under denaturing coniditions. A
1.6 x 90-cm column was packed with cross-linked agarose
resin (Sepharose CL-6B, Pharmacia Fine Chemicals, Div. of
Pharmacia Inc.), equilibrated, and developed with a 0.1-M
phosphate buffer, pH 7.0, made 6 M with guanidine-HCI
(Gdn-HCI) (Ultra-pure, Schwarz/Mann Div., Bectin, Dickin-
son, and Co., Orangeburg, N. Y.) (17). A 1-ml sample or stand-
ard was eluted by ascending flow (15 cm hydrostatic pres-
sure, 1.33 ml/cm2 per h) and 19-drop fractions were col-
lected in individually preweighed polypropylene tubes con-
taining 0.5-ml RIA standard diluent with twice the usual
protein concentration to prevent the adsorption of peptides
to the plastic; the actual fraction size was determined by
weight (17). Each sample or standard was preincubated in a
6-M Gdn-HCl phosphate buffer f'or 18 h at 4°C, 3 mg of
Blue Dextran 2000 (Pharmacia Fine Chemicals, Div. of
Pharmacia Inc.) and 0.1 mg of 2,4-dinitrophenyl-L-alanine
(Sigma Chemical Co., St. Louis, Mo.) were added immediately
before application to the CL-6B/Gdn-HCI column.

Calibration standards. The following is a list of standards
with their source, molecular weight, and method of detection,
in that order: synthetic human (37-58)LPH (h,3MSH) (Ciba-
Geigy, Ltd., Basel, Switzerland), 2,661, radioimmunoassay;
purified hyLPH (Dr. P. J. Lowry), 6,300, radioimmuno-
assay; purified hj8LPH (Dr. C. H. Li and Dr. Lowry),
10,033, radioimmunoassay; the preceding four peptides
labeled with 1251 by modifications (16, 18) of the method
of Hunter and Greenwood (19), gamma scintillation spec-
trometry; synthetic hACTH (Ciba-Geigy, Ltd.) labeled
with 3H (20) 4,541, beta scintillation spectrometry; bovine
gamma globulin (Cohn fraction II, Sigma Chemical Co.)
150,000, OD280; bovine serum albumin (Sigma Chem-
ical Co.) repurified on Sephadex G-100, 67,000, 0D280;
and NaCl (Fisher Scientific Co., Pittsburgh, Pa.), 58,
flame photometry. For the CL-6B/Gdn-HCI column, the
following were also used: cytochrome c (type VI, horse heart,
Sigma Chemical Co.), 12,400, OD405; myoglobin (type II,
whale skeletal muscle, Sigma Chemical Co.) reduced and
carboxymethylated (17), 16,950, OD28,; ovalbumin (Sigma
Chemical Co.) reduced and carboxymethylated, 43,000,
OD285; Blue Dextran 2000, 2,000,000, OD63D; and 2,4-dinitro-
phenyl-L-alanine, 255, OD360.

Cation-exchange chromatography
A 1.5-liter glacial acetic acid extract of fresh-frozen human

pituitary glands (75 g, _150 glands) was diluted to 7.5 liters
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with distilled water, the pH was adjusted to 3.0 with 17.5 M
NaOH, and it was chromatographed on a 2.6 x 90-cm
column of Amberlite CG-50 (Rohm and Haas Co., Philadel-
phia, Pa.) at 64 ml/cm2 per h (21). The fraction eluted with
1.15 liters of 60% acetic acid, which contained the IR-LPH,
was then diluted with water, lyophilized, reconstituted in a
0.1-M ammonitim acetate butffer, pH 7.4, and suibjected to
G-75 gel-exclusion chromatography.

Irnmu no precipitationt
The nature of the high molecular weight IR-LPH in the

plasma of a patient with Nelson's syndrome was investigated
using plasma from a patient with Addison's disease as a con-
trol. Approximately 2.5 ng of freshly repurified 1251-hyLPH
(Dr. Lowry) was incubated for 48 h at 4°C wvith 0.3 ml of each
plasma diluted to 2.5 ml with the RIA standard diluent.
Total protein-bound 1251 counts in 0.1 ml of the incubation
mixtures vere precipitated with 1.5 ml of 20% polyethlene
glycol (Carbowax 6000, Union Carbide Corp., Chemical and
plastics, N. Y.) (wt/vol) in the RIA buffer (18, 22). The 1251 counts
bound to specific plasma immunoglobulins were precipitated
by adding graded volumes of polyvalent anti-human immuno-
globulin serum and monospecific anti-human IgG, anti-human
IgM, and anti-humnani IgA (Meloy Laboratories Inc., Spring-
field, Va.) to equal 0.1-ml aliquots of the incubation mix-
tures, incubating them an additional 24 h at 4°C, adding 2 ml
of RIA standard diluent, and centrifuging the tubes at 5,000 g
for 20 min at 4°C; the supernates were carefully decanted
and the pellets wZere couinte(d in a gamma scintillation
spectrometer.

LPH radioimmunoassayt
Procedure. The RIA fur LPH was performed (16, 23)

using an antiserum, G-106, wvhose characteristics have been
described (23). This antiserum was raised2 in a guinea pig
injected subcutaneously with commercial porcine ACTH
(Corticotrophin-Zinc, 50 U/ml, Organon Inc., West Orange,
N. J.) which is heavily contaminated with porcine MSH, a
molecule which shares the 47-58 amino acid se(uence of
human BLPH and yLPH (16, 23). Pturified hlyLPH (Dr.
Lowvry) and hJ3LPH (Dr. Li and Dr. Lowry) generated dis-
placement curves parallel to synthetic (37-58)hLPH standard
(Ciba-Geigy Ltd.) and, on a molar basis, were 82 and 58%
as effective, respectively, as the synthetic LPH fragment
in competing with I251-(37-58)hLPH for antibody-binding
sites (23); all results are expressed as weight e(quivalents of
synthetic (37-58)hLPH standard. The antibody demonstrated
<0.1% cross-reactivity with either synthetic a-MSH or hACTH
(both from Ciba-Geigy Ltd.). Thus, this is a (47-58)hLPH RIA.
Two studies were performed with an antiserum, R-3, raised in
a rabbit injected intradermally with synthetic (37-58)hLPH
covalently bound to bovine serum albumin, which demon-
strated similar specificity (23). The results of' this LPH RIA
are also expressed as weight e(quivalents of synthetic
(37-58)hLPH standard.

Preparation of samples. Some samples with very high
IR-LPH concentrations were diluted in RIA standard diluent
and assayed directly. Fractions from the G-50, G-75, and
G-100 columns were lyophilized, stored at -70°C, and re-
constituted in the RIA standard diluent immediately before
assay. The CL-6B/Gdn-HCl column fractions were desalted
on 1.1 x 26-cm Sephadex G-10 columns. 1 mgof'Blue Dextran
2000 in 0.1 ml of 5% acetic acid was added to each fraction,

2 Abe, K., and D. N. Orth. Unpublished data.

which was then applied and eluted with 5% acetic acid by
descending flow (82 cm hydrostatic pressure, 32 mIl/cm2 per
h); 1.0-ml fractions were collected. The fractions containinlg
Blue Dextran 2000 were pooled, lyophilized, stored at -70'C,
and reconstituted in the RIA standard diluent just before
assay.

RESULTS

IR-LPH int niormal pituitary gland extracts. The
relative efficiency of three methods of extracting IR-
LPH from pooled fresh-frozen human pituitary glands
was evaluated. Extraction into 2.5% HCl-97.5% ace-
tone (vol/vol) (24) yielded 81.0±1.5 (SE) ug/g frozen
tissue, water extraction (25) yielded 143.0±1.8 ,ig/g,
and glacial acetic acid (26) extracted 210.0±6.1 ,ug/g.
The glacial acetic acid procedure was chosen. Fig. IA
shows the elution profile of a single human pituitary glanid
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FIGURE 1 Elution profiles of human pituitary extracts from
Sephadex columns. (A) Glacial acetic acid extract of'a single
pituitary gland on the large Sephadex G-50 column (per-
formed with the R-3 antiserum). The IR-LPH concentration
in alternate 17.0-mi fractions is plotted. The elutioin positionis
of bovine serum albumin (BSA, void volume, 646 ml),
NaCl (total volume, 1,666 ml), purified h,3LPH (Dr. Li),
hyLPH (Dr. Lowry), synthetic (1-39)hACTH, and (37-
58)hLPH (hBMSH) are indicated. Elution volume is plotte(d as
a fraction (Kd) of' column volume, and IR-LPHi as micro-
grams of (37-58) hLPH/fraction. Recovery of total IR-
LPH from the large G-50 column in all experiments was 89.5
+6.8% (SE). (B) Glacial acetic acid extract of =1.50 fresh-
frozen human pituitary glands (National Pituitary Agency)
under identical conditions. (C) Sephadex G-75 gel filtratioll
of a glacial acetic acid pituitary extract after Amberlite CG-5O
cationic exchange chromatography. Column dimensions a;nd
buffer were the same as for the large G-50 column, and the
same calibration standards are shown in the same or(ler.
Sample volume, was 20-ml; fraction volume, 17.0 ml; void
volume, 663 ml and total volume, 2,363 ml.
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extract on a Sephadex G-50 column. IR-LPH eluted in
two peaks (the fractional elution volume [Kd] = 0.23 and
0.37) corresponding closely with those of purified
h,8LPH and hyLPH (Kd = 0.19 and 0.37, respectively).
Fig. lB depicts the elution pattern of the extract of
pooled human pituitary glands. The pattern was simi-
lar, except that the size of the two peaks was nearly
identical. Fig. 1C shows the elution profile of the
Amberlite CG-50 extract (21) applied to Sephadex G-75.
The pattern was again similar, with two distinct peaks
in positions corresponding to those of 8- and yLPH.
No IR-LPH the size of h,3MSH was detected.

Thus, two components, 13- and yLPH, accounted
for essentially all of the IR-LPH in these extracts, and
concentrations of yLPH appeared to be equal to or
greater than those of ,3LPH.

Plasma IR-LPH in patients with pituitary LPH
hypersecretion. Unextracted plasma from four pa-
tients with Nelson's syndrome was subjected to Sepha-
dex G-50 gel filtration (Fig. 2A-D). In each, the
smallest IR-LPH peak had the apparent molecular size
(Kd = 0.34 - 0.40) of yLPH. In each, the concentration
of 'yLPH exceeded that of BLPH, which was virtually
absent in two of them (Fig. 2C, D). In three of the
plasmas, IR-LPH was observed in the column void
volume, representing a major component of one of them
(Fig. 2B).

The IR-LPH secreted by pituitary tumors causing
Nelson's syndrome were also characterized by cul-
turing tumor cells and examining the medium in which
they were cultured. Three major IR-LPH peaks were
observed (Fig. 2E), one in the void volume, one (Kd
= 0.20) similar in molecular size to 83LPH, and one
(Kd = 0.40) that appeared to be yLPH.

Because these data were all concerned with IR-LPH
secreted by pituitary tumors, unextracted plasma from
a patient with a normal pituitary gland and LPH hyper-
secretion due to Addison's disease was examined. The
major peak of IR-LPH (Kd = 0.38) appeared to be
yLPH; only small amounts eluted before this single
major peak (Fig. 2F).

No IR-LPH the size of h/BMSH was observed in any
of these specimens. Thus, 18- and yLPH accounted for
most of IR-LPH in most plasma specimens, and yLPH
concentrations equaled or exceeded those of /3LPH
in each; variable amounts of still larger IR-LPH were
also observed.

IR-LPH in nonpituitary tumor extracts. Because IR-
LPH secretion is almost invariably associated (2) with
that of ACTHby tumors causing the ectopic ACTHsyn-
drome, we examined the IR-LPH in extracts of tumors
from such patients. In each, the major IR-LPH peak
(Kd = 0.36 - 0.39) coeluted with purified hyLPH (Fig.
3A-C) and, in one of the tumor extracts (Fig. 3C),
it was the only IR-LPH detected. Smaller amounts of
IR-LPH coeluted (Kd = 0.16 and 0.23) with h,8LPH
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FIGURE 2 Elution profiles of plasma from patients with
Nelson's syndrome and Addison's disease, and tissue culture
medium from a tumor causing Nelson's syndrome from the
large Sephadex G-50 column. (A-D) Unextracted plasma from
four patients with Nelson's syndrome; 2.0, 2.0, 10.0, and 5.3 ml,
respectively, of plasma were diluted to 10.0 ml with column
buffer before application. (E) 10 ml of tissue culture medium
in which a human pituitary adenoma causing Nelson's syn-

drome had been incubated for 48 h, 2 wk after initial explant.
(F) 8.5 ml of unextracted plasma from a patient with Addison's
disease, diluted to 10.0 ml with column bufler, and applied.
Conditions were the same as in Fig. 1, except conisecutive
fractions were assayed for IR-LPH and plotted for A-C. The
open circles in this and all following figures represent non-

detectable IR-LPH at the concentration plotted.

in two tumors, and significant amounts of IR-LPH
eluted just after the void volume (Kd = 0.01) and in a

broad peak (Kd = 0.81) coeluting with h,8MSH
(Fig. 3A).

Thus, in nonpituitary tumors as in the normal pitui-
tary gland, the major IR-LPH appeared to be yLPH.
In contrast, however, both very large and small,
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FIGURE 3 Elution profiles of tumor extracts and plasma from
patients with ectopic ACTHsyndrome from the large Sepha-
dex G-50 column. (A) Epithelial thymoma; 36.2 ml of extract
e(lllivalent to 3.62 g of wet tissue applied. (B) Pancreatic islet
cell carcinoma; 34.6 ml of extract e(quivalent to 3.46 mg of
wet tissue applied. (C) Medullary carcinoma of the thyroid;
1.0 ml of extract eqIuivalent to 35 mg of tisstue was diluted
to 10.0 ml with column buffer and applied. 10 ml of un-
extracted plasma from patients with (D) oat cell carcinoma of
the lung, (E) pancreatic islet cell carcinoma (not the same

patient as in Fig. 4B), and (F) oat cell carcinoma of the lung.
Conditions vere the same as in Fig. 1; two extracts (A,B)

were assayed vith R-3 antiserum; consecutive (D,E) or

alternate (A-C,F) fractions were assayed and plotted.

h,3MSH-sized components were sometimes present,
albeit in relatively small amounts.

Plasma IR-LPH in patients with nonpituitary
tumors. In unextracted plasma from each of three
patients with ectopic ACTH syndrome, IR-LPH was

found in fractions from the void volume through the
elution volume of yLPH (Fig. 3D-F). Although high
molecular weight LPH predominated, significant

peaks of yLPH-sized IR-LPH were also observed in
two plasmas (Fig. 3D, E), and in one, a small peak
eluted just after (Kd = 0.85) synthetic h,BMSH.

Thus, in contrast to patients with pituitary hyper-
secretion, patients with ectopic ACTHsyndrome had
increased amounts of heterogeneous, high molecular
weight plasma IR-LPH, relatively less -yLPH, and,
like the tumors themselves, occasionally contained
h,jMSH-sized IR-LPH.

Pituitary IR-LPH under denaturing conditions. To
exclude the possibility that either the f8- or yLPH-
sized peptide in pituitary extracts represented a smaller
IR peptide aggregated or bound to a larger protein,
pooled peak fractions from Sephadex G-75 gel filtra-
tion (Fig. IC, Kd = 0.21 - 0.33 and 0.42 - 0.53, respec-
tively) were analyzed by gel filtration in 6 MGdn-HCl.
The larger IR-LPH coeluted with h,3LPH (Fig. 4A) and
the smaller with hyLPH (Fig. 4B), with no conversion
of either to smaller IR peptides.

Thus, the IR-LPH in human pituitary extracts ap-
peared to represent ,8 and yLPH, and no h,3MSH was
detected, as previously reported (5, 6).

Plasma IR-LPH under denaturing conditions. The
three major IR-LPH peaks from Sephadex G-50 filtra-
tion of plasma from a patient with Nelson's syndrome
(Fig. 2B, Kd = 0.08-0.05, 0.13-0.21, and 0.30-0.42,
respectively) were analyzed by gel filtration in 6 M
Gdn-HCl. Of the two smaller peaks, the larger peak
(Fig. 4D) appeared to be J3LPH and the smaller peak,
yLPH (Fig. 4E). In contrast, the IR-LPH that had
eluted in the G-50 column void volume now appeared
to consist mostly of -yLPH (Fig. 4C).

Thus, plasma fi- and yLPH-sized IR-LPH were not
smaller IR peptides aggregated or bound to other
plasma proteins; it appeared that the largest IR-LPH in
one plasma was yLPH bound to plasma proteins.

Plasma IR-LPH after dexamethasone administra-
tiotn. To ascertain if the plasma IR-LPH in the void
volume was an artifact caused by high protein con-
centrations, three normal subjects were given dexa-
methasone to stuppress endogenous ACTHand LPH
secretion. There were no detectable IR peptides ex-
cept in the void volume fractions. As in the other
plasmas, void volume displacement curves were
slightly less steep than that of standard (concentra-
tions were estimated from the sample volume re-
(juired to cause 50% fall in trace binding). Further-
more, the amount of void volume IR-LPH was <5%that
observed in the plasma of patients with Nelson's
syndrome. Because the void volume protein concentra-
tions were presumably similar, and because some
patients with Nelson's syndrome did not have appre-
ciable void volume IR-LPH (Fig. 2D), RIA inter-
ference by plasma proteins seemed an unlikely expla-
nation for void volume IR-LPH.
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FIGURE 4 Elution profiles of' pituitary and plasma IR-LPH
peaks f'rom Sepharose CL-6B in 6M Gdn/HCl. (A) The first
peak (Kd = 0.21-0.33) of pituitary IR-LPH that eluited from
G-75 (Fig. IC). (B) The second G-75 peak (Kd = 0.42-0.53).
(C) Sephadex G-50 void volume IR-LPH (Kd = 0.08-0.05)
of a Nelson's syndrome plasma (Fig. 2B). (D) The second
plasma IR-LPH peak (Kd = 0.13-0.21) (Fig. 2B). (E) The third
plasma IR-LPH peak (Kd = 0.30-0.42) (Fig. 2B). Calibration
with Blue Dextran 2000 (void volume), 2,4-dinitrophenyl-L-
alanine (DNP-Ala) (total volume), ovalbumin, myoglobin, cyto-
chrome c, purified h,BLPH (Dr. Li), purified hyLPH (Dr.
Lowry), and synthetic (1-39)hACTH and (37-58)hLPH is
indicated at the top of each panel. The samples were incu-
bated in column buffer containing 6 M Gdn-HCl for 18 h at
4°C before application. 19-drop fractions were collected.
The insert shows the log molecular wveight of' the calibration
standards plotted against f'ractional elution volume (Kd). V\oid
volume weight was 82.49±0.83 g; total volume weight was

204.85±0.77 g.

Extraction of LPH with silicic acid. We have
routinely used a modification (16) of the silicic acid
extraction method of Donald (27) for LPH- (16, 23) and
ACTH- (18) RIA. The usefulness of this method for
extracting plasma 8- and yLPH was assessed. To
define the efficiency of extraction, known amounts of
unlabeled or '251-labeled h,8- or hyLPH (Dr. Li and
Dr. Lowry) were added to plasma obtained from
normal human subjects with or without prior dexa-
methasone administration, respectively. The recovery

of IR-LPH or 1251 counts per minute in the silicic acid
extracts, determined in 10 experiments, was: 72.6%
h,8LPH, 67.8% hyLPH, 83.2% 1251-h,8LPH, and 93.7%
1251-hyLPH, comparable to that of 78.7% for synthetic
(37-.58)hLPH (16).

The possibility that /3LPH might be converted to
yLPH during extraction was examiined by adding
125I-h,3LPH (Dr. Li) to normal plasma or unlabeled
h,8LPH to fresh blood immediately after it was

drawn from a normal subject whose LPH secretion
had been suppressed with dexainethasone and pre-

paring the plasma in the routine manner (16, 18, 23).
The elution profiles of 1251-labeled h,BLPH before and
after extraction from three normal plasma specimens
were identical, eluting as a single peptide (Kd = 0.19).
The same was true of unilabeled h,8LPH added to
freshly drawn dexamethasone-suppressed blood that
wvas processed, extracted, and measured by LPH RIA
in the usual manner.

These results demonstrated that the silicic acid
extractioin procedure was efficient for 8- and yLPH
and did not artifactually prodtuce y- frominLPH.

IR-LPH in normal plasma. Because LPH RIA sensi-
tivity was such that small concentrations of IR-LPH
peptides could easily have escaped detection in G-50
fractions of unextracted plasma, 250 ml of plasma was

obtained from two normal subjects at about 8:00 a.m.,

extracted wvith silicic acid using the usual proportion
of silicic acid:plasma volume (23), lyophilized, re-

constituted in column buffer, and applied to the large
G-50 coltumn. In both, three peaks of IR-LPH were

observed; one in the void volume, a second coeluting
(K,d = 0.19) with h,8LPH, and a third predominant peak
coeluting (K, = 0.37) with h-yLPH (Fig. 5). The void
volume competitive binding curves were again less
steep than that of the standard. However, neither
sample contained >0.06% of the void volume IR-LPH
in an equal amount of plasma from one patient with
Nelson's syndrome (Fig. 2B).

These data excluded the presence of eveni very small
quantities of IR-LPH other than ,-, y- and void
volume IR-LPH in normal plasma.

Void voluime IR-LPH in plasma of patientts witlh
Nelson's syndrome. Three approaches were used to
define the natuire of the void volume IR-LPH in the
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FIGURE 5 Gel filtration of plasma of two normal subjects
drawn under basal fasting conditions. About 600 ml of blood
was drawn at 8 a.m., plasma was prepared, and 250 ml were
extracted with 100 mg of silicic acid per milliliter of plasma.
The extracts were lyophilized, reconstituted in 10 ml of
column buffer, and applied to the large Sephadex G-50
column. Conditions were the same as those described in
Fig. 1.

plasma shown in Fig. 2B. With Sephadex G-100 gel
filtration, the large IR-LPH still eluted in the void
volume, indicating a molecular weight in the globulin
range.

Next, the ability of silicic acid to extract void volume
IR-LPH was examined. Unextracted plasma, the silicic
acid extract, and the supernatant plasma left after
silicic acid extraction were applied separately to the
small Sephadex G-50 column (Fig. 6). Most of the

8- BSA h/3LPH hyLPH hACTH (37-58)hLPH NaClA <;> <
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FIGuRE 6 Silicic acid extraction of plasma from the patient
with Nelson's syndrome (Fig. 2B) and elution from the small
Sephadex G-50 column. (A) Plasma before extraction. (B)
Silicic acid extract. (C) Supernatant plasma after silicic acid
extraction. Conditions and data plotted as in Fig. 1, except
that sample volume was 2.0 ml; fraction volume, 1.6 ml; void
volume, 75.2 ml; and total volume, 155.2 ml.

void volume IR-LPH was extracted, but the supernate
still contained some void volume IR-LPH (Fig. 6C).
However, none of the IR-LPH extracted by silicic acid
eluted in the void volume, most of the ,lLPH was re-
covered in the extract, and much more yLPH was
present in the extract than in the original plasma (Fig.
6A,B). These data and those from the Gdn-HCl experi-
ment (Fig. 4C) suggested that void volume IR-LPH
was yLPH noncovalently bound to a high molectlar
weight protein in the patient's plasma.

This patient had not been exposed to exogenious
natural porcine ACTH (contaminated with BMSH
and LPH) for at least 15 yr. However, to explore the
possibility that the binding protein was an antibodly,
freshly repurified 1251-hyLPH (Dr. Lowry) was added
to 0.3 ml of the patient's plasma, diluted to 2.5 ml
with RIA standard diluent, and incubated for 48 h at
4°C. Plasma from a patient with Addison's disease
(Fig. 2F) served as a control. Total protein-bouind
1251-hyLPH counts were determined by precipitation
with polyethylene glycol (22). Counts bound to im-
munoglobulins were determined by immunoprecipita-
tion with polyvalent and monospecific antisera to
human immunoglobulins. An equal amount of 1251_
hyLPH in the RIA standard diluent served as a pre-
cipitation blank. The total proteins in the plasma of the
patient with Nelson's syndrome bound 5.2 and 10.0%
of the added 125I-hyLPH in two separate experiments;
the control patient's plasma with Addison's disease
bound only 0.0 and 0.4%. As shown in Fig. 7, most of
the protein-bound 125I-hyLPH was bound to immuno-
globulins, mostly to IgG, as were the small number of
counts in the plasma of the patient with Addison's
disease.

Thus, it appeared that the major binding protein in
this patient's plasma was an antibody that reacted
both with her own yLPH and with 1251-labeled h'yLPH
added to her plasma.

DISCUSSION

The elegant studies of Scott and Lowry (5) first
challenged the existence of a 22 amino acid pituitary
polypeptide called "human /3MSH" (4). Early studies
(21) indicated that the pigmentary factor in human
plasma was different from ACTH, but Abe et al. (1),
using an aMSHRIA, showed that aMSHaccounted
for little if any of the biologic MSHactivity of human
plasma and tissues. However, using an h,3MSH RIA,
the same workers concluded that "most of the biologic
MSHactivity of the plasma and tissues could be ac-
counted for by 18-MSH" (2) and, thus, that "all of
the available data support the view that ,B-MSH is
the principal melanocyte-stimulating factor in human
plasma" (3). The more recent studies of Scott and
Lowry (5) and Bloomfield et al. (6) obviously de-
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FIGURE 7 Immunoprecipitation of '251-labeled hyLPH
added to plasma. The plasma of the patients with Nelson's syn-
drome (Fig. 2B) was incubated with 1251-hyLPH (Dr.
Lowry) after which the total protein-bound 1251 counts
per minutte were cleterminedc l)y precipitationv with poly-
ethvlenie glvcol. The percent of the total protein-bounl(d
counts per l)ound by immntnoglobulins was determined( hb
immunoprecipitation wvith optimal concentrations of poly-
valent antisertum (anti-IgG, IgM, and IgA) and moniospecific
antisera to hulman IgG, IgM, and IgA. The data are plotte(d
as percent of the total protein-bound 1251 couints per minute
precipitated with polyethylene glycol (5.2% of the 1251_
hyLPH counts per minute added to the incubation mixture in
this experiment).

manded a complete reappraisal of' that coniclutsioin. As
the result of our reappraisal over the past 3 yr (9-11 and
the present study), we concur that h(3MSH does not
normally exist in human plasma or pituitary tissue,
a conielusion recently reached also by Bachelot et
al. (12). However, we have first demonstrated the ab-
sence of h,3MSH in plasma of normal human sub-
jects under basal conditions in the present study aild
have showni that the higher molecular veight IR-LPH
in human plasma does not result from aggregation of
h,BMSH or its binding to protein. It does appear that
h,8MSH or a molecuile similar in size may occasionally
be produced ectopically by nonpituitary tumors,
presumably by cleavage of ,(- and(or) yLPH by endo-
peptidases not present in normal human adenohypo-
physial ACTH/MSH(or, more properly, ACTH/LPH)
cells (28). The present study further suggests that this
ectopic tumor peptide may circulate in plasma
(Fig. 3D). These tumors may also contain other
melanocyte-stimulating peptides (29), apparently NH2-
terminal 1-13 to 1-15 ACTH f'ragments produced by
tutmor endopeptidases from ectopic ACTH (30).

What, then, of the "h(3MSH" of the studies of' Abe
et al. (2, 3) and others? Because h,ILPH and hyLPH
contain the h,(MSH sequence, antisera produced with
,(MSH (human or porcine) might react with the com-

mon (37-58 or 47-58, respectively) portion of the
human LPH sequence. Furthermore, LPH would com-
pete with labeled synthetic h,8MSH ([37-58]hLPH)
for binding to such antibodies and might generate
competitive binding curves parallel to (37-58)hLPH
stancdard (2, 6, 12, 16, 23, 31). The G-82 antiserum of
Abe et al. (2, 3) cross-reacts wvith 1)oth y- and 8LPH
(23, data kindly provided by Dr. G. A. Bloomfield
and Dr. L. H. Rees), and that of' Donald and Toth (32)
reacts mostly with yLPH (31). Thus, by substituting
LPH for 8NJSH, most previous studies are consistent
with current knowledge about IR-LPH; repeating the
studies of Abe et al. (2, 3) and others is unnecessary.

However, the use of LPH, rather than ,8- or yLPH, is
important, because it is not yet clear which of the LPHs
circullates in plasma or whether their ratio may change
-predictably under certain circumstances. More ,- than
yLPH may be released in response to hypoglycemia,
for example (31), more yLPH mav be produced by the
pituitary, and relatively more 8LPH may be produced
ectopically by nonpituitary tumors (33); antisera with
dif'ferential affinities for h,3- and hyLPH were used in
reaching these conclusions. Bachelot et al. (12), usiIng
an antiserum raised to synthetic (37-58)hLPH and
Sephadex G-50 gel filtration, f'ound only 8- and void
volume IR-LPH in a pituitary extract and plasma from
patients with elevated IR-LPH levels due to Cushing's
disease, Nelson's syndrome, and Addison's disease, and
from normal subjects after the administration of'
metyrapone; no yLPH was detected in any of their
specimiiens. Although our results conflict with those of
Bachelot et al. (12), our conclusion that both peptides
coexist in plasma in variable relative concentratioins
agrees completely with those reached by the group in
London (5, 6, 31, 33), and our more direct evidence
(Figs. 2 and 3) also supports their observations regard-
ing pituitary vs. ectopic LPH production (33).

The most likely explaniation for the frailure of'
Bachelot et al. (12) to find yLPH is the inaccurate
calibration of their columns. WVe initially reached
similar conclusions (9-11) because we lacked refer-
ence h,8- and hyLPH an(d uised RNase-A (bovine pan-
creas, mol wt 13,700, Pharmacia Fine Chemicals, Div.
of' Pharmacia Inc.) to calibrate that region of the G-50
column. Use of' 12% sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis was not suf'ficiently precise in
this molecuilar weight range to reveal the error (11);
only when wve obtained highly purified h,8- and
hyLPH from Dr. Lowry and slightly more highly puri-
fied hf3LPH from Dr. Li were we able to determine
the identities of the IR-LPH we were studying. It is
surprising that Bachelot et al. (12), who also used Dr.
Li's h,BLPH for calibration, f;ailed to make this distinc-
tion. It is also possible their antiserum does not react
with hyLPH, since this was not assessed (12).
Finally, it is possible that (3LPH was not recovered
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from their columns, and the remaining yLPH peak
was improperly identified. Wehave found that ,6LPH
is extensively bound by glass, siliconized glass, and
polypropylene in the absence of carrier protein. In
our experiments with unextracted plasma, extracts of
250 ml of plasma, and tissue extracts, there was suf-
ficient protein in the f3LPH fractions (determined by
OD280) to result in 80-90% recovery of ,ILPH. How-
ever, in buffer alone or in extracts of small volumes
(2-3 ml) of plasma, up to 60% ,3LPH was lost, not on
the column, but on the walls of the fraction collection
tubes. This was avoided by prior addition to the tubes
of a small volume of RIA buffer with twice the usual
protein concentration. In contrast, only about 15% of
yLPH adsorbed to the tubes in the absence of protein.

Obviously, it is also possible that our results and
those of the London group (5, 6, 31, 33) are incorrect,
but this seems unlikely, since each group has reached
similar conclusions using different gels, different anti-
bodies, and different experimental methods. Our
columns were calibrated with highly purified LPH
preparations obtained from two independent labora-
tories and the results were entirely consistent. The
possibility that yLPH was artifactually produced from
,8LPH while separating plasma from blood, extracting
IR-LPH with silicic acid, eluting samples from gel
filtration columns, or performing the RIA has been
carefully examined; highly purified hfy- and hj8LPH
retained their separate identities throughout all of
these procedures. The possibility that yLPH was an
artifact of aggregation or protein-binding of h,3MSH
was also excluded. Even after correcting for the greater
affinity of the G-106 and R-3 antibodies for hfy- than
for h,3LPH, the molar concentration of 'yLPH in many
of the specimens far exceeds that of ,3LPH. Thus, we
conclude that both f8 and yLPH normally are present
in human plasma and tissue and that, in some circum-
stances, yLPH may predominate to the point of being
essentially the only IR-LPH present.

Wehave demonstrated that the void volume IR-LPH
in the plasma of one patient with Nelson's syndrome
was predominantly yLPH bound to IgG. It is unclear
why she had antibodies to yLPH. She had not re-
ceived commercial porcine ACTH since the evalua-
tion of her Cushing's disease in 1959, when she was
treated with total bilateral adrenalectomy. Hyperpig-
mentation was first noticed 4 yr later, and she had
proton beam pituitary irradiation in 1967 followed
by one transfrontal and two transsphenoidal hypo-
physectomies over the ensuing years in unsuccessful
attempts to reduce her severe hyperpigmentation. She
may have been immunized by exogenous ACTHor by
altered immune responses secondary to pituitary
irradiation or surgery, but it appears that endogenous
yLPH provided the continuing antigenic stimulus.
Antibodies have been demonstrated in patients

receiving exogenous ACTH (34) or other peptide
hormones. Thus, caution should be exercised in inter-
preting the nature of "big" hormones in the plasma
of patients who may have been exposed to exogenous
antigens, even in the distant past, or who may have
been autoimmunized as the result of their disease
process or its therapy.

There is no doubt that there is a big LPH molecule,
although it is as yet uncertain if it circulates in plasma.
A wealth of new information about ACTH/LPH/MSH/
endorphin biosynthesis has recently been developed
in several laboratories, notably those of Dr. Lowry in
London, Dr. E. Herbert in Eugene, Oregon, Dr. B. A.
Eipper and Dr. R. E. Mains in Denver and Dr. S.
Numa and Dr. S. Nakanishi in Kyoto; they cannot
adequately be covered here, and even recent re-
views (35, 36) are already out of date. Current evidence
indicates that the ACTH/LPH/MSH/endorphin pep-
tides are all synthesized as a commonprecursor mole-
cule (mol wt 28,500-35,000), with ACTHin a roughly
central position and f3LPH forming the COOH-terminus
(37-39). This precursor is glycosylated, increasing its ap-
parent molecular weight (40). This glycopeptide prohor-
mone appears to be processed differently in the anterior
than in the intermediate lobe of the pituitary gland. An
extension of the hypothetical biosynthetic scheme of
Scott and Lowry (5) is shown diagrammatically in
Fig. 8. Neither aMSH, corticotropin-like intermediate
lobe peptide (41), nor I3MSH appear to be produced
in adult man, who has no intermediate lobe, although
they may be produced during human fetal develop-
ment (42). We have recently shown (43) that human
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FIGURE 8 Schematic representation of postulated biosyn-
thetic processing of ACTH/LPH/MSH/endorphin precursor.
The 31,000 mol wt (31K) common precursor is converted
via 23K ACTH and "intermediate" 7K ACTH to 4.5K
(1-39)ACTH, /3LPH, yLPH, and /3-endorphin (/3End) in the
anterior lobe of the pituitary of all mammals and to aMSH,
corticotropin-like intermediate lobe peptide (CLIP), 8MSH,
and /3End in the intermediate lobe of the pituitary of
animals that, unlike man and other primates, have one. Carbo-
hydrate side-chains are indicated by -CHO; aMSH is
N-a-acetyl-(1-13)aACTH-(13)amide; CLIP is (18-39)ACTH.
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"big" ACTH is a glycopeptide, presumably the ana-
logue of the 31,000 mol wt common precursor of
ACTH and the LPH in the mouse (37-40). The
LPH antibodies appear to react only about 10% as
well with the human prohormone molecule as do
ACTH antibodies (reference 44 and unpublished
studies); and <1% as well with highly purified
mous AtT-20/D-16v tumor 31,000 and 23,000 mol wt
ACTHs provided by Dr. B. A. Eipper and Dr. R. E.
Mains.3 Thus, the sequence recognized by these anti-
bodies may be partially obscured in the precursor
molecules.

This study has three major implications. First, be-
cause LPHs apear to be only 0.2-0.4 times as potent
an MSHas ACTHon a molar basis (9, 16), whereas syn-
thetic "h,pmSH" is about 20 times as potent as ACTH
(16), and because LPHs circulate in concentrations
very similar to those of ACTHunder most conditions
(2, 3, 33, 45), ACTHmay yet prove to be the principal
pigmentary hormone in man. Second, because LPHs
are also only weak lipolytic agents, have little
steroidogenic activity, and have no morphinomimetic
activity (46), their exact physiological role is still
in doubt. Third, the fact that y-, not J3LPH, is fre-
quently the predominant form in plasma means that
the endogenous opioid peptides, enkephalin and the
endorphins (13-15), may be cleaved from the 8LPH
precursor (46). The synthesis of four opiate peptides
by mouse AtT-20/D-16v cells in tissue culture has re-
cently been reported (47), and we have found IR-a-
and ,8-endorphin in an extract of a human nonpituitary
tumor (44). Thus, the endorphins may be released into
the blood in parallel with ACTH and yLPH under
physiological situations, such as the response to
stress, or under pathological conditions, such as Cush-
ing's disease or the ectopic ACTH syndrome. They
may, therefore, account for some of the psychological
and physical manifestations of these normal responses
and abnormal disease states.

ACKNOWLEDGMENTS

The authors thank Mr. C. D. Mount and Ms. Barbara
Sherrell for their excellent technical assistance; and the
following physicianis for their generous collaborationi:
Michael A. Catalano, Hugh D. Cripps, Rufus J. Garrison,
Sidney C. Garrisoin, Jr., James R. Givens, Alan L. Graber,
Theodore H. Hahn, H. Patrick Higgins, Ludwig Kornel,
John K. Twilla, and John H. Walsh.

The authors grateftully ackniowledge the generous gifts of
highlv puirified h,3LPH f'rom Dr. C. H. Li, Hormone Research
Laboratories, Berkeley, anid highly purified h,8- and hyLPH
fromii Dr. Philip J. Lowry, St. Bartholomew's Hospital,
Lond(lon, without which this study could inot have been suc-
cessfully coniclticled. They also thank the National Pituitary
Agency, University of Maryland, and National Institute of'
Arthritis, Metabolic andl Digestive Diseases, for the gift of'

3 UnlptiblishedC observations.

1,000 fresh-frozen human pituitaries; Ciba-Geigy Ltd., Basel,
Switzerland, for the generous supplies of synthetic (37-58)-
hLPH and (1-39)hACTH used in these studies.

These studies were supported in part by National Cancer
Institute Research grants 2-RO1-CA1 1685 and 1-R25-CA 19429
and National Institutes of Health grants 5-MO1-RR95 and
5-RO1-AM05318.

REFERENCES

1. Abe, K., D. P. Island, G. W. Liddle, N. Fleischer, and
W. E. Nicholson. 1967. Radioimmunologic evidence f'or
a-MSH (melanocyte stimulating hormone) in human
pituitary and tumor tissues. J. Clin. Endocrinol. Metab.
27: 46-52.

2. Abe, K., W. E. Nicholson, G. W. Liddle, D. P. Island, and
D. N. Orth. 1967. Radioimmunoassay of 13-MSH in
human plasma and tissues. J. Clin. Invest. 46: 1609-
1616.

3. Abe, K., W. E. Nicholson, G. W. Liddle, D. N. Orth, and
D. P. Island. 1969. Normal and abnormal regulation of
,8-MSH in man.J. Clin. Invest. 48: 1580-1585.

4. Harris, J. I. 1959. Structure of a melanocyte-stimulating
hormone from the human pituitary gland. Nature (Lond.).
184: 167-186.

5. Scott, A. P., and P. J. Lowry. 1974. Adrenocorticotrophic
and melanocyte-stimulating peptides in the human pitui-
tary. Biochem. J. 139: 593-602.

6. Bloomfield, G. A., A. P. Scott, P. J. Lowry, J J. H. Gilkes,
and L. H. Rees. 1974. A reappraisal of human f8 MSH.
Nature (Lond.). 252: 492-493.

7. Li, C. H., and D. Chung. 1976. Primary structure of
human ,3-lipotrophin. Nature (Lond.). 260: 622-624.

8. Dixon, H. B. F. 1960. Chromatographic isolation of pig
and human melanocyte-stimulating hormones. Biochim.
Biophys. Acta. 37: 38-42.

9. Tanaka, K., C. D. Mount, W. E. Nicholson, and D. N.
Orth. 1976. "Big" bioactive and immunoreactive ",l-
MSH's" in human plasma and tumor tissue. Clin. Res. 24:
IOA. (Abstr.)

10. Tanaka, K., C. D. Mount, and D. N. Orth. 1976. High
molecular weight forms of bioactive and immunoreactive
",6-MSH" in human plasma, pituitary and tumor tissue.
Endocrinology. 98 (Suppl.): 121. (Abstr.)

11. Tanaka, K., W. E. Nicholson, and D. N. Orth. 1977.
Molecular size and plasma levels of immunoreactive
,8-MSH under physiological and pathological conditions
in man. Front. Horm. Res. 4: 208-214.

12. Bachelot, I., A. R. Wolfsen, and W. D. Odell. 1977.
Pituitary and plasma lipotropins: demonstration of' the
artifactual nature of,8-MSH.J. Clin. Endocrinol. Metab.
44: 939-946.

13. Hughes, J., T. W. Smith, H. W. Kosterlitz, L. A. Fothergill,
B. A. Morgan, and H. R. Morris. 1975. Identification of'
two related pentapeptides from the brain with potent
opiate agonist activity. Nature (Lond.). 258: 577-580.

14. Ling, N., R. Burgus, and R. Guillemin. 1976. Isolation,
primary structure, and synthesis of a-endorphin and
y-endorphin, two peptides of' hypothalamic-hypophysial
origin with morphinomimetic activity. Proc. Natl. Acad.
Sci. U. S. A. 73: 3942-3946.

15. Li, C. H., and D. Chung. 1976. Isolation and structure
of an untriakontapeptide with opiate activity f'rom camel
pituitary glands. Proc. Natl. Acad. Sci. U. S. A. 73:
1145-1148.

16. Orth, D. N., K. Tanaka, and W. E. Nicholson. 1976. The
melanotropins. In Hormones in Human Blood, H. N.

The Nature of Immutnoreactive Lipotropin in Mant 0103



Antoniades, editor. Harvard University Press, Cambridge.
423-448.

17. Mann, K. G., and W. W. Fish. 1972. Protein polypeptide
chain molecular weights by gel chromatography in
guanidinium chloride. Methods Enzymol. 26 (Pt. C):
28-42.

18. Orth, D. N. 1978. Adrenocorticotropic hormone (ACTH).
In Methods of Hormone Radioimmunoassay. B. M. Jaffe
and H. R. Behrman, editors. Academic Press, Inc., New
York. 2nd edition. In press.

19. Hunter, W. M., and F. C. Greenwood. 1962. Preparation
of' iodine-131 labelled human growth hormone of' high
specific activity. Nature (Lond.). 194: 495-496.

20. Ascoli, M., and D. Puett. 1974. Tritium labeling of lutein-
izing hormone by reductive methylation. Biochim.
Biophys. Acta. 371: 203-210.

21. Island, D. P., N. Shimizu, W. E. Nicholson, K. Abe,
E. Ogata, and G. W. Liddle. 1965. A method for separating
small quantities of MSHand ACTHwith good recovery of
each.J. Clin. Endocrinol. Metab. 25: 975-983.

22. Desbuquois, B., and G. D. Aurbach. 1971. Use of poly-
ethylene glycol to separate free and antibody-bound pep-
tide hormones in radioimmunoassays.J. Clin. Endocrinol.
Metab. 33: 732-738.

23. Orth, D. N., K. Tanaka, and W. E. Nicholson. 1978.
Melanocyte stimulating hormones (MSH's) and lipotropic
hormones (LPH's). In Methods of Hormone Radio-
immunoassay. B. M. Jaffe and H. R. Behrman, editors.
Academic Press, Inc., New York. 2nd edition. In press.

24. Bornstein, J., and P. Trewhella. 1950. Adrenocorticotropic
activity of blood-plasma extracts. Lancet. II: 678-680.

25. Gewirtz, G., and R. S. Yalow. 1974. Ectopic ACTHpro-
duction in carcinoma of' the lung. J. Clin. Invest. 53:
1022-1032.

26. Payne, R. W., M. S. Raben, and E. B. Astwood. 1950.
Extraction and purification of corticotropin.j. Biol. Chem.
187: 719-731.

27. Donald, R. A. 1967. A rapid method of' extracting ACTH
f'rom plasma. J. Endocrinol. 39: 451-452.

28. Phif'er, R. F., D. N. Orth, and S. S. Spicer. 1974.
Specific demonstration of the human hypophyseal
adrenocortico-melanotropic (ACTH/MSH) cell. J. Clin.
Endocrinol. Metab. 39: 684-692.

29. Shapiro, M., W. E. Nicholson, D. N. Orth, W. M. Mitchell,
and G. W. Liddle. 1971. Differences between ectopic
MSHand pituitary MSH. J. Clin. Endocrinol. Metab.
33: 377-381.

30. Orth, D. N., W. E. Nicholson, W. M. Mitchell, D. P. Island,
and G. W. Liddle. 1973. Biologic and immunologic
characterization and physical separation of ACTH and
ACTH fragments in the ectopic ACTH syndrome. J.
Clin. Invest. 52: 1756-1769.

31. Gilkes, J. J. H., G. A. Bloomfield, A. P. Scott, P. J. Lowry,
J. G. Ratcliffe, J. Landon, and L. H. Rees. 1975. Develop-
ment and validation of a radioimmunoassay for peptides
related to f8-melanocyte-stimulating hormone in human
plasma: the lipotropins. J. Clin. Endocrinol. Metab. 40:
450-457.

32. Donald, R. A., and A. Toth. 1973. A comparison of the

,/-melanocyte-stimulating hormone and corticotropin re-
sponse to hypoglycemia. J. Clin. Endocrinol. Metab. 36:
925-930.

33. Jeffcoate, W. J., J. J. H. Gilkes, L. H. Rees, P. J. Lowry, and
G. M. Besser. 1977. The use of radioimmunoassays for
human f3-lipotropin. Endocrinology. 100 (Suppl.): 215.
(Abstr.)

34. Fleischer, N., K. Abe, G. W. Liddle, D. N. Orth, and W. E.
Nicholson. 1967. ACTHantibodies in patients receiving
depot porcine ACTHto hasten recovery from pituitary-
adrenal suppression. J. Clin. Invest. 46: 196-204.

35. Orth, D. N., and W. E. Nicholson. 1977. Different molecu-
lar forms of' ACTH. Ann. N. Y. Acad. Sci. 297: 27-48.

36. Lowry, P. J. 1977. Relationships between ACTH, a-MSH
and CLIP and the lipotropins and f3-MSH. Ann. N. Y.
Acad. Sci. 297: 49-65.

37. Mains, R. E., B. A. Eipper, and N. Ling. 1977. Common
precursor to corticotropins and endorphins. Proc. Natl.
Acad. Sci. U. S. A. 74: 3,014-3,018.

38. Roberts, J. L., and E. Herbert. 1977. Characterization of
a common precursor to corticotropin and 83-lipotropin:
identification of',l-lipotropin peptides and their arrange-
ment relative to corticotropin in the precursor synthesized
in a cell-free system. Proc. Natl. Acad. Sci. U. S. A. 74:
5300-5304.

39. Nakanishi, S., A. Inoue, S. Taii, and S. Numa. 1977. Cell-
free translation product containing corticotropin and
,8-endorphin encoded by messenger RNAfrom anterior
lobe and intermediate lobe of bovine pituitary. FEBS
(Fed. Eur. Biochem. Soc.) Lett. 84: 105-109.

40. Eipper, B. A., R. E. Mains, and D. Guenzi. 1976. High
molecular weight forms of adrenocorticotropic hormone
are glycoproteins.J. Biol. Chem. 251: 4121-4126.

41. Scott, A. P., J. G. Ratcliffe, L. H. Rees, J. Landon, H. P. J.
Bennett, P. J. Lowry, and C. McMartin. 1973. Pituitary
peptide. Nat. New Biol. 244: 65-67.

42. Silman, R. E., T. Chard, P. J. Lowry, I. Smith, and I. M.
Young. 1976. Humanfoetal pituitary peptides and parturi-
tion. Nature (Lond.). 260: 716-718.

43. Orth, D. N., and W. E. Nicholson. 1977. High molecular
weight forms of human ACTHare glycoproteins. J. Clin.
Endocrinol. Metab. 44: 214-217.

44. Orth, D. N., R. Guillemin, N. Ling, and W. E. Nicholson.
1978. Immunoreactive endorphins, lipotropins and
corticotropins in a human nonpituitary tumor: evidence
for a common precursor. J. Clin. Endocrinol. Metab.
In press.

45. Tanaka, K., W. E. Nicholson, and D. N. Orth. 1978.
Diurnal rhythm and disappearance half-time of endog-
enous plasma immunoreactive 8MSH(LPH's) and ACTH
in man. J. Clin. Endocrinol. Metab. In press.

46. Lazarus, L. H., N. Ling, and R. Guillemin. 1977. ,3-Lipo-
tropin as a prohormone for the morphinomimetic pep-
tides endorphins and enkephalins. Proc. Natl. Acad. Sci.
U. S. A. 73: 2156-2159.

47. Giagnoni, G., S. L. Sabol, and M. Nirenberg. 1977.
Synthesis of opiate peptides by a clonal pituitary tumor
cell line. Proc. Natl. Acad. Sci. U. S. A. 74: 2259-2263.

104 K. Tanaka, W. E. Nicholson, and D. N. Orth


