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Danier RubpMaN' aAND Frovp Seinman (Introduced by David Seegal)
Columbia Univ. Research Divvision, Goldwater Memorial Hospital and Dept. of Medicine,
Columbia University, N. V. City

It has been recognized that the pituitary
gland plays a role in regulation of lipid me-
tabolism. Injection of pituitary substances
into experimental animals has been reported
to produce the following changes: (A) De-
crease in fat content of carcass and adipose
tissue, and increase in fat content of liver(l,
2); (B) Increase of ketone bodies in blood
and urine(2,3,4); (C) Depression of respira-
tory quotient(S); (D) Increase in plasma
content of unesterified fatty acids(6). These
effects appear to result from mobilization of
lipid from fat depots, with subsequent deposi-
tion of fat in the liver, and increased oxidation
of fatty acids associated with accumulation of
ketone bodies(2,7,8). Increase in liver fat
content has been observed following injection
of anterior pituitary extract, and of various
anterior pituitary fractions, including adreno-
tropic, growth, and thyrotropic preparations
(9,10). Increase in plasma unesterified fatty

* This investigation was supported by research
grants from N. Y. Heart Assn. and Nat. Heart Inst,,
N.ILH.

t Senior Research Fellow, N. Y. Heart Assn.

acids has been observed after injection of
growth hormone(6). A further effect of pi-
tuitary material upon circulating lipids has
been described. Evans(11), Munoz(12),
Baumann(13), and Campbell(14) observed
lipemia in dogs and rabbits made diabetic by
repeated injections of anterior pituitary ex-
tract or of purified growth hormone. Green-
baum(15) described a transitory increase in
plasma triglyceride of rats receiving daily in-
jections of growth hormone. Seifter(16) re-
ported that a dialyzable material obtained
from posterior lobe of hog pituitary is in-
hibitor of post-heparin plasma clearing factor
and causes an increase in plasma lipids of
animals with liver damage, or of animals
fasted for 20 hours. The present study was
undertaken to determine the effect of injec-
tions of crude pituitary extract and of various
purified pituitary fractions, upon serum lipid
pattern of the rabbit.

Methods. Male rabbits weighing 2.5 to 4
kg were used. They were fed Purina rabbit
chow with the exception that in experiments
where blood sugar determinations were made
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RABBIT SC: EFFECT OF A SINGLE INJECTION QF
ALKALINE EXTRACT OF HOG PITUITARY GLAND.

FIG. 1. Time curve of lipemic response following
single subeut. inj, of extract of 100 mg lyophilized
whole hog pituitary gland.

the food was withheld 3 hours before bleeding.
Analytical methods are described in the fol-
lowing references: serum cholesterol(17), se-
rum total lipid(18), blood sugar(19), plasma
unesterified fatty acids(20), paper electro-
phoresis of serum(21). Samples of lyophilized
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or acetone-desiccated whole pituitary gland
were pulverized in mortar, then extracted for
5 hours at 5°C with M/10 Na,HPO, (125
ml for 1 g of pituitary powder). The suspen-
sion was clarified by centrifugation and fil-
tration. Approximately 40% of the pituitary
material is extracted by alkaline solution.}

Results. A single subcutaneous injection
of the extract from 100 mg of lyophilized
whole hog pituitary caused gross lipemia in
16 of 20 rabbits. The increase in serum cho-
lesterol and total lipid values was apparent
6 hours after injection. It reached a maxi-
mum in 18 hours and usually disappeared
within 48 hours (Fig. 1). Electrophoretic
study of serum in 5 rabbits following a single
subcutaneous injection of lyophilized hog
pituitary extract showed that most of the
newly appearing serum lipid had little or no
mobility and thus consisted largely of chylo-
micra (Fig. 2). In 5 other rabbits which re-
ceived a daily injection of pituitary extract
for 3 days, the lipemia was maintained during
entire period and on the 4th day electrophore-

L
Vi
-
|
‘

FIG. 2. Electrophoretic patterns of sera obtained during lipemic response following single
subecut. inj. of extract of 100 mg of lyophilized whole hog pituitary gland. Serum was obtained
before inj., and 6, 12, 18, 27 and 52 hr after inj. Arrows indicate origin in each tracing.

t Recent experiments show that more efficient ex-
traction is obtained with 0.IN NaOH for 15 minutes
at 5°C,



148

mg% INCREASE IN
CHOL. TOTAL LIPID
8011600

06 10 14
LOG DOSE

FIG. 3. Relationship of response to dose. Vertical
axis: inecrease in total lipid and cholesterol values
of serum 18 hr after single subeut. inj. of extract
of lyophilized whole hog pituitary gland. Horizon-
tal axis: logarithm of dose (mg gland/kg body
wt). Each point represents avg increase in serum
total lipid or serum cholesterol of 6 rabbits.
Crosses represent inerease in total lipid. Open
cireles represent increase in cholesterol.

sis showed a prominent beta-lipoprotein peak
in addition to the chylomicron peak. A change
in alpha lipoprotein was not observed. An
additional finding in 3 of 5 rabbits during the
first 24 hours after injection, was an increase
in a protein component which had no electro-
phoretic mobility (Fig. 2). This may repre-
sent gamma-globulin, or a protein associated
with the chylomicra. A 2 to 3 fold increase
in serum unesterified fatty acids was found
in 4 rabbits whose unesterified fatty acids
were determined before, and 18 hours after,
a single injection of hog pituitary extract
(Table I). Blood sugar levels were deter-
mined in 20 rabbits during control and lipemic

LipemIia Forrowing Prrurtary ExrtracT INJECTION

periods and showed no significant change. In
5 of these rabbits, in which intravenous glu-
cose tolerance tests (0.5 g glucose/kg body
weight) were done during control and lipemic
periods, there was no detectable change in
glucose tolerance curve during the lipemic
period.

Dose-response relationship was studied in
5 groups of 6 rabbits which received doses of
lyophilized whole hog pituitary extract repre-
senting 5, 7.5, 10, 15 and 20 mg of gland/kg
body weight respectively. The response, R,
(increase in serum cholesterol or serum total
lipid 18 hours after a single injection), showed
a linear relationship to the logarithm of dose,
D, (mg of pituitary gland/weight of rabbit in
kg). This relationship is shown in Fig. 3. The
dose-response equations were: Renglesteror =
120 LOGyp D -85; Riotar mpia = 18 (120
LOG;0 D -85).

Dose-response curves. were also obtained
with several other pituitary samples. Lipe-
mia-producing activity of lyophilized hog
whole pituitary gland, and of lyophilized hog
anterior pituitary gland, was 3 to 4 times
greater than that of acetone-desiccated prepa-
rations of whole hog, sheep or beef pituitary.
Frozen human pituitary glands obtained at
autopsy, through the courtesy of Dr. Sigmund
L. Wilens, had an activity comparable to that
of lyophilized whole hog pituitary glands.
Dose-response curves obtained with samples
of lyophilized anterior and posterior hog pitui-
tary lobes indicate that the activity of a sin-
gle anterior lobe is about 7 times greater than
that of a single posterior lobe.

Crude anterior pituitary extract is known to
contain 6 fractions with distinct hormonal ac-
tivities. The lipemia-producing activity of

TABLE I. Effect of Hog Pituitary Gland Extract upon Serum Unesterified Fatty Aecids. Each
rabbit received a single injection of extract representing 60 mg of lyophilized whole hog pitui-

tary. .
Unesterified fatty acids  Serum cholesterol Serum total lipid ‘
(ueg/1) (mg %) (mg %)
Before 18 hr Before 18 hr Before 18 hr .
Rabbit inj. after inj. inj. after inj. inj. after inj.
CAL. 190 630 56 162 400 2080
RA. 220 600 55 116 380 2220
K. 180 670 62 . 152 410 2180
ILL. 150 390 66 S 128 440 1180
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TABLE II. Effect of Crude Pituitary Extract and of Various Anterior Pituitary Fractions upon Serum
Lipids of Rabbit. Serum total lipid was measured before, and 18 hours after, a single subcutaneous in-

jection of each preparation. :

No. of o
Preparation rabbits Dosage Change in serum total lipid (mg %)
Oxycel ACTH (Armour R216- 3 120 1.U. (4.8 mg) ~10% (420, -+-220,-265)§
170A)
a1 + a. corticotropin (Lederle § 270 ” (3 ") 0(+4110,0,410,-50,-80)
81079-31)
v + vz corticotropin (Lederle 4 270 7 (3 ) +10(+440,4-130,-120,-20)
81079-45)
Growth hormone (Armour 5 12,5 mg +10 (-120, +160,-30, 4-110,-70)
R50109)
Idem 4 25 7 +250 (4110, 460, 430, +790)
Lactogenic hormone (Ar- 4 125 » +30 (450, +160, +10,-120)
mour R10109)
Thyrotropic hormone (Ar- 3 10 1.U. +10 (4100,-80, +15)
mour S3112)
Follicle-stimulating hormone 4 25 mg +30 (420, +110,-60, -4-30)
(Armour 19911)
Luteinizing hormone (Ar- 4 125 ” +40 (+80,-50, +115, 4-10)
mour 810407)
Lyophilized whole hog 6 9 = +540 (+570, 4380, 41180, 41150, 30, —40)
pituitary extr. . )
Idem 5 24 7t +1450 (41680, 1810, 1740, 41790, 41250)

* Represents soluble pituitary material extracted from 23 mg of lyophilized pituitary gland.

t Idem
$ Avg serum total lipid change of group.
§ Total lipid change of each rabbit in group.

these purified anterior pituitary fractions was
compared with activity of crude extract
(Table IT). The extract derived from 60 mg
of lyophilized whole hog pituitary gland con-
tains 24 mg of soluble pituitary material; a
single injection of this amount of crude ex-
tract consistently produces lipemia in the rab-
bit (Table 1I). Each of the 6 purified an-
terior pituitary fractions was tested at a
dosage level which is 5 or more times greater
than the amount of hormone which is con-
tained in 60 mg of whole hog pituitary gland.
Follicle-stimulating, luteinizing, lactogenic,
and thyrotropic hormones had no effect upon
rabbits’ serum lipids at corresponding dosage
of 10 mg, 12.5 mg, 12.5 mg, and 10 Interna-
tional Units. Growth hormone had no effect
at dose of 12.5 mg, but at dose of 25 mg
caused a significant increase in serum total
lipid content in 1 of 4 rabbits. Oxycel-puri-
fied ACTH had no effect in a dosage of 120
1U. “Peptide” ACTH npreparations, fur-
nished by Dr. Paul H. Bell of Lederle Labora-
tories, had no detectable effect upon the rab-

60 mg

bits’ serum lipids in dosages containing 270
1.U. of ACTH activity.

The lipemia-producing material in the ex-
tract of lyophilized whole hog pituitary gland
showed these properties: (1) Activity was
unchanged when the extract was stored 1
week at —~15°C. (2) Activity was destroyed
by heating at 100°C for 30 minutes, at pH
4.5 or 7.0. (3) Extracts which had been .
dialyzed 48 hours against running tap water
showed no detectable loss of activity. No
activity was present in the dialysate obtained
by equilibrating a suspension of 300 mg of
powdered gland through viscose tubing
against 30 ml M /10 Na,HPO, at 4°C for 24
hours. (4) All activity of the crude extract
could be recovered from the precipitate ob-
tained by addition of 2 volumes of saturated
ammonium sulphate at pH 6.5. (5) . When
spun in ultracentrifuge at 40,000 rpm for 20
hours, the active material did not sediment or
float at specific gravity 1.22. All activity was
concentrated in the lower fraction after ultra-
centrifugation at 40,000 rpm for 20 hours at
specific gravity 1.005. (6) The active ma-
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terial was completely adsorbed by calcium
phosphate gel at pH 4.0. It was eluted from
the gel by M/10 sodium phosphate buffer at
pH 10. These properties are consistent with
the hypothesis that the active material is a
protein.

Discussion. The results indicate that crude
extracts of lyophilized whole or anterior pitui-
tary glands, derived from men, hogs, sheep.
or cattle, contain a substance which causes
lipemia in the rabbit. The relationship of
the lipemia effect to increase in liver fat con-
tent and to increase in production of ketone
bodies, described by other investigators, fol-
lowing injections of pituitary preparations.
remains to be studied. All 3 effects may re-
sult from release of stored fat from fat de-
pots.

Six different hormones are present in the
anterior pituitary gland: wviz. adrenotropic.
growth, lactogenic, thyrotropic, follicle-stimu-
lating, and luteinizing hormones. Purified
preparations of these hormones had no sig-
nificant effect upon serum lipids of the rabbit
at dosages which contained at least 5 times
the amount of hormone present in a lipemia-
producing dose of the crude extract. These
findings suggest either that the crude ex-
tract of the gland contains a lipemia-produc-
ing substance which is distinct from the recog-
nized pituitary hormones, or that 2 or more
pituitary hormones act in a synergistic man-
ner upon the rabbit’s serum lipids.

Summary. An extract prepared from lyo-
philized hog anterior pituitary gland produces
lipemia in rabbits. A similar effect is pro-
duced by whole pituitary glands from men.
hogs, sheep, and cattle. Activity of the crude
extract of lyophilized glands is considerably
greater than can be accounted for by the
presence of any of the purified anterior pitui-
tary fractions so far tested. This suggests
that the lipemia-producing substance is dis-
tinct from the recognized pituitary hormones,
or that 2 or more pituitary hormones act in a
synergistic manner upon the rabbit’s serum
lipids,

LireMia ForLrowiNg PrtuiTarRy EXTRACT INJECTION

The authors are grateful for the help by colleagues,
A. Myers, H. Kalinsky, and Drs. F. E. Kendall, L. L.
Abell, A. R. Wertheim, and S. Bern. Pituitary samples
were generously provided by Dr. C. E. Graham (Wil-
son Labs.), Dr. D. A. McGinty (Parke-Davis and
Co.), E. G. King and I. Bunding (Armour Labs.),
Dr. G. A. McVicar (Univ. of Toronte) and Dr. S. L.
Wilens (N. Y. Univ.). Dr. P. H. Bell (Lederle Labs.)
made available samples of a- and +-corticotropin.

1. Best, C. H., Campbell, J., J. Physiol., 1936, v86,
190.

2. Campbell, J., Lucas, C. C., Biochem. J. 1951, v48,
241,

3. Burn, J. H, Ling, H. W., Quart. J. Pharm.,
1929, v2, 1.

4. Anselmino, K. J., Hoffman, F., Klin. Woch., 1931,
V10, 2380, 2383.

5. Fisher, R. E,, Russell, J. A, Cori, C. F., J. Biol.
Chem., 1936, v115, 627.

6. Raben, M. S., 4bst., 50th Meeting Am. Soc. Clin.
Inv., 1938, Atlantic City.

7. Barrett, H. M., Best, C. H,, Ridout, J. H,, J.
Physiol., 1938, v93, 367.

8. Stetten, D., Salcedo, J., J. Biol. Chem., 1944,
v136, 27.

9. Payne, R. W., Endocrinol., 1949, v45, 305.

10. Rosenberg, I. N., Proc. Soc. Exp. Bror. AND
Men, 1953, v82, 701.

11. Evans, E. I, ibid., 1933, v30, 1370.

12. Munez, J. M, C. R. Soc. Biol., Paris, 1933,
v112, 502.

13. Baumann, E. J., Marine, D., Proc. Soc. Exp.
Bior. aANpD Mkep., 1932, v29, 1220.

14, Campbell, J., Hausler, H. A, Mcnroe, J. S,
Davidson, I. W. F., Endocrinol., 1953, v53, 134.

15. Greenbaum, A. L., McLean, P., Biochem. J.,
1933, v54, 407.

16. Seifter, J., Baeder, D. H., Proc. Soc. Exe.
Bior. axp Mep., 1957, v95, 747.

17. Abell, L., Levy, B., Bredie, B., Kendall, F. E.,
J. Biol. Chem., 1952, v195, 357.

18. Bloor, W. R., ibid., 1925, v66, 375.

19. Shannon, J. A, Farber, S., Troast, L., Am. J.
Physiol., 1941, v133, 752.

20. Dole, V. P., J. Clin. Inv., 1956, v35, 150.

21. Kunkel, H.,, Tiselius, A., J. Gen. Physiol., 1951,
v35, 89.

Received May 28, 1958. PS.E.B.M., 1958, v99,



