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A peptide, apparently new, has been isolated from the anterior lobes of bovine pituitary
glands by the following steps: (1) lyophilization of frozen tissue; (2) homogenization;
(3) extraction with an aqueous buffer; (4) gel filtration; (5) anion and then (6) cation
exchange chromatography; (7) HPLC. One antioxidant and two proteolytic inhibitors
were present during buffer extraction to avoid artifactual reactions. Amino acid analyses
consistently revealed the same amino acids and no others on different specimens, one
year apart. The composition was estimated as: 4 Asp, 2 Thr, 5 Ser, 8 Glu(x), 5 Pro,
10 Gly, 4 Ala, 2 Val, 2 Met, 1 lie, 2 Leu, 1 Tyr, 1 Phe, 2 His, 3 Lys, 2 Arg (5600 daltons).
Cysteine and tryptophan were absent. An approximate molecular weight by gel filtration
was 7200 daltons. The isoelectric point was 6.1. The peptide showed a dose-response
activity in the range of 0.001-1.0 fig in a rabbit adipose system, in vitro. The peptide is
tentatively designated as adipotropin, because it has no unequivocal chemical relationship to other relevant lipolytic peptides, and because it has the highest molar potency,
in vitro, of these peptides, including pACTH.

Introduction
Concepts on the existence of a specific lipolytic
hormone in the pituitary gland stemmed from the
early researches of Anselmino and Hoffman [1],
Rudman et al. [2], Astwood et al. [3] and Birk and
Li [4]. These investigators worked with fractions.
It became known that such fractions did not cause
lipolysis in human tissue. Subsequent research on
extractives from human pituitaries revealed the
presence of lipid mobilizing activities which were
partially characterized by Trygstad [5], Trygstad
and Foss [6, 7], Burns et al. [8], and Burns and
Langley [9]. Human growth hormone had no significant effect on lipolysis in human adipose tissue;
Bray and Trygstad [10].
Trygstad [11], designed initial extraction steps,
which were somewhat different from those used by
other investigators, for human and porcine pituitaries. These studies indicated that the behavior of
the lipid mobilizing factor in fractions was different
from that of somatotropin and adrenocorticotropin.
Such active fractions were lipolytic both in vitro
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and in vivo and on both rabbit and human adipose
tissues.
Many other investigators have studied lipolytic
activities of fractions prepared from pituitary tissues, and some of these studies are appropriately
cited under Results and Discussion.
In 1971, a cooperation was started (Folkers and
Trygstad) on the chemistry and endocrinology of a
possible new lipid mobilizing factor which might
have important adipokinetic effects, not only for
human lipid metabolism, but also that of swine and
cattle in the meat industry.
Due to the limitation of human pituitaries, the
fractionation of extracts of porcine pituitaries was
continued, but when it was found that potent fractions from bovine pituitary could more readily be
obtained than from porcine pituitary, bovine tissue
was then emphasized. Recognition was also given
to the economic goal of reduction of waste fat,
which is enormous in the cattle industry.
We now describe the isolation from the anterior
lobes of bovine pituitary glands, of a peptide, apparently new, which has lipolytic activity for rabbit
adipose tissue, very weak activity for rat adipose
tissue, and no activity for mouse adipose tissue.
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Experimental
Extraction of pituitary glands
Bovine anterior lobes of pituitary glands (steer,
Type 2, decapsulated) were purchased from PelFreez Biologies, Inc., Rogers, Arkansas. The frozen
lobes were immediately lyophilized upon arrival.
All extraction and purification procedures were
carried out at 4 °C. All buffers contained thiodiglycol (0.01%) as an antioxidant, pentachlorophenol
(1 //g/ml) and phenylmethylsulfonyl fluoride (10
/<g/ml) for inhibition of proteases. All peptide solutions and column effluents were stored in polypropylene tubes.
Batches of 100 lyophilized, anterior lobes (ca.
43 g) were homogenized in a Waring blender for
90 sec. The resulting fine powder was extracted
with 1 liter of 0.01 M Tris-HCl buffer, pH 8.5. The
homogenate was stirred for 4 h, and the pH was
maintained at 8.5 with the addition of 1 N NaOH,
if necessary. The extract was centrifuged in a Beckman J-21 refrigerated centrifuge at 16,000 X g for
10 min. The supernatant was filtered through glass
wool, adjusted to pH 4.5 with 1 N HCL, and
centrifuged, as before. Cold acetone was added to
the acidified supernatant to bring the solution to
66 % saturation. The mixture was stirred for 15 min,
and then centrifuged for 10 min at 16,000 X g.
The resulting supernatant was brought to 90%
acetone saturation, and precipitation was allowed
to occur overnight. After decantation of the supernatant, the white precipitate was re-dissolved in
distilled water, and the solution was dialyzed for
24 h with frequent changes of water. Dialysates
were frozen and lyophilized. The yield of the crude
bovine lipolytic fraction was 9-16 mg/g of lyophilized lobes.
Purification by gel filtration
The lyophilized fractions (ca. 850 mg) from 2
batches of lobes were combined and chromato-

graphed on Sephadex G-100. The column (5 X 150
cm) was equilibrated with 0.01 M ammonium bicarbonate buffer, pH 8.5, fractions of 5 ml were
collected. Figure 1 shows the elution pattern with
4 peaks. Vertical bars indicate the mean release of
non-esterified fatty acids (NEFA) in /tmoles/100 mg
fat. Fractions 82-94 contained the highest lipolytic activity, which released 1.84 ± 0.05 //moles
NEFA/100 mg fat at a dose level of 1 //g/1.1 ml.
These fractions were pooled and lyophilized to yield
80-90 mg/column.
Fractionation by ion exchange chromatography anion
exchange chromatography
Further purification of fractions 82-94 from the
Sephadex G-100 column (ca. 90 mg) was achieved
by anion exchange chromatography. Whatman's
DE-52, pre-swollen anion exchanger was used. The
column (0.9 X 20) was equilibrated with 0.01 M ammonium bicarbonate buffer, pH 7.5. After unabsorbed material emerged, a linear gradient was
used from 0.01-0.1 M ammonium bicarbonate, pH
7.5. At tube 160, the gradient was increased from
0.1-0.3 M ammonium bicarbonate, pH 7.5. Figure 2

Fig. 2. Anion exchange chromatography on Whatman's
DE-52.

shows the elution pattern and lipolytic activity of
collected fractions (2 ml). The highest lipolytic
activity was located in fractions 180-220. Following
lypophilization, 20 mg were recovered from these
fractions. Aliquots of fractions 180-220 released
2.56 ± 0.07 //moles NEFA/100 mg fat, at a dose
level of 1 //g/1.1 ml.

FRACTI0N

NUMBER

Fig. 1. Gel filtration on Sephadex G-100.

Cation exchange chromatography
Fractions 180-220 were further resolved by cation
exchange chromatography using Whatman's CM-52,
preswollen cation exchanger. The combined active
fractions from anion exchange chromatography (ca.
20 mg) were applied to the column (0.9 X 20 cm),
equilibrated with 0.01 M ammonium acetate buffer,
pH 5.5. A gradient from 0-0.15 M ammonium acetate was started after the initial, unabsorbed peak
was collected (fractions of 1.5 ml). As in Figure 3,
a single peak (fractions 80-84) was eluted with the
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Fig. 3. Cation exchange chromatography on Whatman's CM-52.

increased ionic strength. A dose level of 1 yg/l.l ml
of combined fractions 80-84 released 2.87 ± 0.10
(«moles NEFA/100 mg fat. Electrofocusing on LKB's
polyacrylamide-Ampholyte plates, pH 3.5-9.5,
showed the presence of 4 bands in this fraction.
Purification by high performance liquid chromatography
Further purification of combined fractions 80-84
from the cation exchange column was achieved by
high performance liquid chromatography. A Water's
//-Bondapak Cis column (0.94 x 25 cm) was equilibrated with 1 M pyridine/0.5 M acetic acid. Pyridine, acetic acid, and 1-propanol were of HPLC grade,
and were re-distilled over ninhydrin just before use.
The sample (ca. 1 mg) was applied in 500 yl equilibration buffer, and separated with a linear gradient
from 0 - 4 0 % 1-propanol in 1 M pyridine/0.5 M acetic
acid. The flow rate was 60 ml/h, fractions of 0.9 ml
were collected. Peptides were detected by the method of Bohlen et al. [12]. Aliquots of the eluate (50 /d)
were reacted with fluorescamine. Fluorescence was
measured on a Turner 430 spectrofluorometer (excitation = 390 nm, emmission = 475). As in Figure
4, lipolytic activity was localized in fractions 238I

150
FRACTION NUMBER

Fig. 4. HPLC on //Bondapak C-l8.

250 (3.13 ± 0.10 //moles NEFA/100 mg fat, at a
1 /tg/1.1 ml dose level). Electrofocusing of 15 jug from
the material of these combined fractions revealed
a single band. A total of 120 yg of material from
fractions 238-250 was recovered, and a sample of
60 yg was analyzed at the Roche Institute of Molecular Biology, Nutley, New Jersey, for amino acids.
An automated fluorescence detection system was
used [13]. Prior to analysis, the sample was rechromatographed on a Lichrosorb RP-18 column.
In this system, 3 peaks were observed (Figure 5).
Significant lipolytic activity was apparent only in
the fractions eluting between 54-60 min. These
fractions released 2.62 ± 0.20 //moles NEFA/100 mg
fat, at a 1 /*g/l.l ml dose level.
Amino acid analysis
Fractions eluting between 61-64 min on the
Lichrosorb RP-18 column (Figure 5) were used as
a control for the analysis of the combined fractions
eluting between 54-60 min (the sample). Both the
sample and the control were lyophilized, and then
hydrolyzed for 24 h at 110 °C in 6 N HCl containing
0.1% thioglycollic acid. The sample was analyzed
in triplicate, the control in duplicate. The amino
acid composition determined from the total picomole levels (i.e. sample minus control) is shown in
Table I.
In purifications a year before, fractions had been
isolated that exhibited a single band on electrofocusing plates with an isoelectric point of 6.1.
These fractions (total weight, ca. 2 mg) had lipolytic
activity (2.73 ± 0.09 //moles NEFA/100 mg fat, at
a dose level of 1 /tg/1.1 ml). The amino acid composition of these previous samples revealed the same
amino acids and no others as listed in Table I.
Electrofocusing
The isoelectric point and purity of the material
in fractions 54-60 was assessed by electrofocusing
on LKB's Multiphor apparatus and polyacrylamideAmpholyte plates, pH 3.5-9.5. Electrofocusing was
performed as described by Karlsson et al. [14].
Sperm whale myoglobin was used as an internal
electrofocusing standard. For comparison, ovine
ß-LPH and porcine ACTH were electrofocused along
with sample, which electrofocused as a single band
with an isoelectric point of 6.1.
Molecular weight defermination
Sephadex G-50 was used to estimate the molecular weight of the product. The column (1 x 150 cm)
was equilibrated with 0.01 M ammonium acetate
buffer, pH 6.5, and calibrated with molecular
weight markers. (Pepsin, a-chymotrypsinogen A,
a-chymotrypsin, sperm whale myoglobin, ribonuclease, cytochrome c), according to Andrews et al.
[15], by this method the estimated molecular weight
of the peptide is ca. 7200 daltons.
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Table I. Amino acid composition of adipotropin.
Amino
acid

Sample
(3)

Control
(2)

Asp
Thr
Ser
Glu
Pro
Gly
Ala
Vs Cys
Val
Met
lie
Leu
Tyr
Phe
His
Lys
Arg
Cys
Trp

218
114
258
363
181
506
222

± 7
± 3
± 2
± 10
± 9
± 10
± 8

94
58
134
131
44
210
90

± 4
± 7
± 11
± 12
± 5
± 2
± 8
± 7
± 3

22
14
17
53
15
17
21
50
37
0
0

-

85
80
35
98
45
47
74
128
106
0
0

-

Total
pico moles

Pico moles
per sample

Estin
ratio

4.2
1.9
4.5
7.7
4.6
9.9
4.4

4
2
5
8
5
10
4

±
±
±
±
±
±
±

4
2
4
4
3
1
1

125
56
136
232
137
296
132

±
±
±
±
±
±
±
±
±

12
4
3
4
5
7
11
10
3

63
66
18
45
30
30
53
78
69
0
0

-

-

2.1
2.2
0.6
1.5
1.0
1.0
1.8
2.6
2.3
0
0

Estimated residues

-

2
2
1
2
1
1
2
3
2
-

ca. 54

The product recovered from the peak of the
Sephadex G-50 gel filtration, was electrophoresed
on 7.5% sodium dodecyl sulfate Polyacrylamide
gels according to the procedures of Schleyer et al.
[16]. The logarithms of the molecular weights of the
protein standards (bovine serum albumin, catalase,
pepsin, a-chymotrypsinogen A, lysozyme, ribonuclease, insulin) versus their gel mobility were
determined. A single band of ca. 7400 daltons was
obtained with samples of 150 fig of the product.

Biological activity
Lipolytic activity was measured by an in vitro
assay on rabbit perirenal fat pads according to the
method of Trygstad [11]. Activity was expressed
as micromoles of non-esterified fatty acids/110 mg
of excised adipose tissue (//mole NEFA/100 mg fat)
according to the formula:

Test-Blank/100 mg fat pad
Standard-Titration Blank
The general methodology consisted of incubating
adipose tissue slices in Krebs-Ringer bicarbonate
buffer containing 4 % bovine serum albumin. The
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Fig. 5. Analysis on Lichrosorb RP-18. The column
(25 X 0.46) was equilibrated with 0.5 M formic acid,
pH 4.0. The arrow indicates a step-wise addition of
18% 1-propanol (isocratic elution). A portion (6%) of
the column effluent was directed to the fluorescamine
monitoring system. The baseline was set at full scale.
The flowrate was 20 ml/h, fractions of 0.9 ml were
collected.

•+TT
Fig. 6. Dose-response activity curve of adipotropin on
rabbit adipose tissue. The curve represents the mean
release of non-esterified fatty acids (NEFA = FFA)
in micromoles/100 mg fat, run in quadruplicate. The
vertical bars represent standard error of the mean.
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buffer was saturated with 95% 0 2 - 5 % CO2. After
the sample was added, the incubation vials were
shaken in an atmosphere of 95% 02-5% CO2 at
37 °C for 3 h. Free fatty acids were extracted in
heptane and titrated with 0.018 M NaOH by means
of an Agla micrometer syringe. Thymol blue was
used as an indicator.
The dose-response curve of the product is shown
in Figure 6. Porcine ACTH was assayed at the same
dose levels. The sample of ACTH was kindly provided by Ferring AB Malmö, Sweden. The product
exhibited activity comparable to that of ACTH. At
a dose level of 1 ng/1.1 ml adipotropin released
0.87 ± 0.05 //moles NEFA/100 mg fat, and ACTH
released 0.52 ± 0.04. At a dose level of 1 //g, adipotropin released 2.30 ± 0.13 and pACTH released
2.02 ± 0.06 //moles NEFA/100 mg fat.
The product and pACTH were tested for activity
upon rat and mouse adipose tissues at a 1 //g/1.1 ml
dose level. The product had no activity above control levels upon mouse fat pads. It had limited
activity upon rat adipose tissue (0.04 ± 0.02). In
comparison, pACTH released 3.59 ± 0.24 //moles
NEFA/100 mg mouse fat, and 1.42 ± 0.12 //moles/
100 mg rat adipose tissue.
Results and Discussion

A peptide, which is apparently new, has been
isolated from the anterior lobes of bovine pituitary
glands. For convenience, this peptide is tentatively
designated as adipotropin, because of its lipolytic
activity in adipose tissue, and because it appears
to have the highest potency, in vitro, of relevant
lipolytic peptides including pACTH. As yet, we
know of no unambiguous chemical relationship
between adipotropin and any other lipolytic peptide
having a purity which allows comparison of structural data.
Adipotropin was isolated by the following steps :
(1) frozen lobes, on arrival, were immediately lyophilized; (2) homogenization; (3) extraction with
Tris-HCl buffer containing thiodiglycol as antioxidant, and pentachlorophenol and phenylmethylsulfonyl fluoride as proteolytic inhibitors; (4) gel
filtration on Sephadex G-100; (5) anion exchange
chromatography; (6) cation exchange chromatography; (7) HPLC.
Amino acid analyses on the final specimen and
on samples prepared a year previously revealed the
same amino acids and no others, each time. A total
of 54 amino acids were estimated for the composition
of the peptide as follows: 4 Asp, 2 Thr, 5 Ser,
8 Glu(x), 5 Pro, 10 Gly, 4 Ala, 2 Val, 2 Met, 1 He,
2 Leu, 1 Tyr, 1 Phe, 2 His, 3 Lys, 2 Arg. Analyses

for the presence of cysteine and tryptophan gave
negative results.
Our experience on the diverse fractionations to
obtain adipotropin frequently indicated that the
level of the peptide in the tissue might be very low,
and that the manipulation of each step in purification could be critical. There were periodic data
showing that lipolytic activity was in fractions which
were separated by inactive fractions. It is known
from the literature that lipolytic activity can be a
biological property common to several pituitary
peptides. An appraisal of amino acid analytical
data, molecular weight by gel filtration behavior
and electrofocusing data indicated the active fraction of preference. Many techniques were found not
to be feasible, because of poor recoveries of active
fractions. Other losses might have been due to
adsorption on chromatographic columns, proteolytic cleavage, deamidation, and other chemical
instability. Now, knowing that the isolated peptide
contains 2 Met, it is possible that sulphoxide formation of one or both Met-'s might lead to inactivation.
There are important differences in composition
between adipotropin and the /?-LPHs, particularly
in the reduced number of Glu(x)-residues (8 vs 16),
Ala-residues (4 vs 13), Leu-residues (2 vs 6), and the
total number of basic residues. Adipotropin has 5
basic residues (Lys, Arg), /9-LPH has 17 basic residues. This difference in basic residues significantly
accounts for the difference between the isoelectric
points of these two peptides, 6.1 for adipotropin
and 8.3 for bovine ß-LPH (Lohmar and Li, 1967).
Although closer in molecular weight to that of
the y-LPH's, adipotropin is significantly different
from both porcine and ovine y-LPH in composition.
Besides the absence of tryptophan, other differences
are the presence of Thr- and He- in adipotropin and
their absence in the y-LPH's. Adipotropin also
differs in the number of residues of Glu(x), Leuand Ala. The y-LPH's contain 12 Ala's and adipotropin contains 4 Ala's.
Consequently, adipotropin is quite distinct from
the peptides of the group.
On the basis of molecular weight, adipotropin is
closest to Peptide A (Weisweiler and Schwandt
[17]); P - L F - I I - C and P - L F - I I - D (Schleyer et al.
[18]), and peptide 7D7 (Rudman et al. [19]). The
composition of peptide 7 D 7 is very different from
that of other peptides, including adipotropin. Pep-
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tide 7D7 has been related to the neurophysins
(Rudman et al. [19]).
In comparing Peptide A of Weisweiler and
Sch wandt [17] with adipotropin, differences are
readily apparent in the number of Gly residues, vs
Ala-residues (9 vs 4), and Leu-residues (5 vs 1).
Tryptophan is in Peptide A, but not in adipotropin.
The isoelectric point of Peptide A was 8.55; adipotropin, 6.1.
The peptides, P - L F - I I - C and P - L F - I I - D of
Schleyer et al. [18] are perhaps the most closely
related to adipotropin in terms of molecular weight
and composition. However, there are two Met's in
adipotropin and no Met- in P - L F - I I - D ; Trp- is
present in P - L F - I I - D but absent in adipotropin.
Both P - L F - I I - C and adipotropin lack tryptophan and cysteine. The former, however, has fewer
residues of Glu- (6 vs 8), Gly- (4 vs 10), and one less
Met. P - L F - I I - C has at least twice as many Leu-'s
and Phe-'s as does adipotropin.
All these chemical data on all these peptides
show that adipotropin is new and unique in its
chemical composition. Also, it is not closely related
in composition to either the opio-cortins or other
isolated lipotropins.
Adipotropin is also distinguished from other reported lipid mobilizing factors on the basis of its
biological activity.
Adipotropin is differentiated from the known
pituitary hormones and the lipotropins by molecular weight, isoelectric point, and amino acid composition.
Of importance is the absence of tryptophan in
adipotropin. Tryptophan occurs in ACTH, a-MSH,
/7-MSH, ß-LPH and y-LPH. The sequence,
Met-Glu-His-Phe-Arg-Trp-Gly, is essential for
the lipolytic, melanotropic, and adrenocorticotropic
properties of these peptides (Tanaka and Li, [20];
Lowry and Chadwick, [21]; Chretien [22]).
/?-LPH may be the best characterized of the
known lipolytic peptides. However, as a lipolytic
hormone, /3-LPH is significantly less active than
ACTH in rabbit, rat and mouse adipose tissue;
/9-LPH is 1/10-1/5 as active as ACTH in rabbit
adipose tissue, and 1/1000 as active as ACTH in
rat adipose tissue (Lohmar and Li [23]). In contrast,
adipotropin and pACTH have comparable activities
in rabbit adipose tissue. Adipotropin is 1/40 as
active as ACTH in rat adipose tissue, and is inactive in mouse tissue.

A comparison of adipotropin with P - L F - I I - C ,
P - L F - I I - D , and Peptide A, reveals dissimilarities
in biological action. Both of the peptides of Schleyer
et al. and Peptide A have appreciable activity in
the rat, the former two peptides being slightly less
active than ACTH (Schleyer et al. [16]).
In mouse adipose tissue, Peptides A and B are
the only peptides reported to be active in a system
of this species (Schwandt [24]). Adipotropin is inactive in this species. Apparently, P - L F - I I - C or
P - L F - I I - D were not reported to have been tested
for lipid mobilizing activity in rabbit adipose tissue.
Peptide A appeared to be 1/4 as active as ACTH in
rabbit tissue (Schwandt et al. [25]).
Adipotropin appears to be the most active lipolytic peptide in rabbit adipose tissue which has
been described to date.
There seems to be no generally accepted biological
unit for expression of the activities of lipolytic
peptides. Some investigators use the minimal effective dose (MED), in jug/ml, which stimulates lipolysis in adipose tissue. The molecular weights of the
described peptides range from 5000 to 12,000. A
biological reaction, like fatty acid mobilization, is
likely to be dependent upon the number of the
peptide molecules present in the assay system.
Therefore, the peptides might best be compared on
a molar basis rather than by the weight of the
sample. For example, adipotropin and corticotropin
show similar activities if compared on a weight
basis, although adipotropin is somewhat more active. On a molar basis, adipotropin (ca. 7200 daltons)
is at least twice as active as ACTH daltons over the
dosage range of 0.001-1.0 //g/ml.
The existence in the pituitary of an intrinsic fat
mobilizing hormone is difficult to elucidate. It is
not even known that the mobilization of fatty acids
is a hormonal function. It is now evident that the
/?-LPH group of peptides have a prominent role in
influencing pain, learning, etc.
A physiological role for adipotropin in bovine and
perhaps other mammalian tissue is presently unknown. The lipolytic activity of this peptide may
represent its intrinsic physiological activity or perhaps only a pharmacological activity. However, its
lipolytic potency, in vitro, may indicate that a physiological function in the metabolism of adipose the
tissue is quite possible. There is now a need to reisolate adipotropin in larger quantities to permit
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