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The metabolic effects of human placental lactogen (HPL) on rat and human
white fat were tested in vitro. When tested against rat tissue, HPL resembled
insulin in stimulating uptake of glucose and incorporation of [14C] glucose into CO-,
triglyceride and glycogen, but differed from insulin in stimulating glycerol release
and in failing to stimulate the incorporation of [UC] acetate into CO2, glyceride fatty
acids and glyceride glycerol. The stimulation of [UC] glucose incorporation and the
inhibition of glycerol release by insulin were antagonized by HPL. The effects of HPL
on human white fat resembled those on rat white fat, except that glycerol release was
not stimulated in human tissue. The possible role of HPL in causing the diabetogenic
stress of pregnancy is discussed in the light of these findings.

Human Placental Lactogen (HPL), also
known as human chorionic somatomam-
motrophin, is a peptide which is syn
thesized in the placenta and which has
immunological, structural and somatotro
phic properties similar to those of human
growth hormone (23). It can also increase
the weight of the mammary glands (6) 
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and stimulate lactation (26, 27) in rats.
The concentration of HPL in human
maternal plasma increases progressively
between the 6th and 34th weeks of ges
tation (23).

However, its precise physiological role
is still not clear. The ability of HPL to
stimulate insulin release (15) and the
mobilization of free fatty acids (FFA)
in vivo (8), and to antagonize the periph
eral actions of insulin (1, 11) suggests
that it may be wholly or partly respon
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sible for those features of pregnancy, such
as insulin resistance and an increased
concentration of plasma free fatty acids,
which are also observed in patients with
mild forms of diabetes (18). In this paper
we report a simple procedure for the
purification of HPL and a study of its
effects on the metabolism in vitro of adi
pose tissue from male and female rats
and from human subjetcs.

Materials and Methods

Tissue and incubations. Male and
non-pregnant female rats weighing 140-
160 g from an inbred Wistar strain, fed
ad libitum, were used throughout. They
were killed by decapitation with a guillo
tine and the adipose tissue was rapidly
removed and placed in 0.9 % NaCl. Ab
dominal adipose tissue was obtained from
human subjects during operations under
general anaesthesia for surgical conditions
not associated with any endocrine or me
tabolic disorder.

The tissue was cut into pieces weighing
20-40 mg each and distributed randomly
into plastic incubation vessels containing
2 ml of Krebs-Ringer bicarbonate buffer,
pH 7.4 (30) with one-half the recom
mended Ca2+ concentration, 2 % defatted
albumin, glucose (3 mM) and 0.5 /zCi
of [U-14C] glucose/ml. Hormones were
added as required. The contents of the
flasks were gassed with O2 + CO, (95:5,
v/v) for 2 min, sealed with a rubber cap
and incubated at 37° C, with shaking, for
2 hours. At the end of the incubation the
reaction was stopped by injecting 0.2 ml
of 5 M-H,SO4 through the rubber cap.
Hyamine hydroxide (0.2 ml of 1.0 M-hy-
amine hydroxide in methanol) was then
injected into a hanging plastic cup inside
the incubation vessel and the flasks were
gently shaken at 37° C for 2-4 hours to
allow complete absorption of the CO2
released from the medium by the acid.

Isolated fat cells were prepared by the
procedure described by Rodbell (22).

They were finally resuspended in Krebs-
Ringer bicarbonate buffer (as above)
containing 2 % defatted albumin and
3 mM-[U-l lC] glucose (0.2 /zCi/ml). Sam
ples (1 ml) of the suspensions were trans
ferred to plastic flasks. The contents were
gassed, after the addition of hormones,
and were then incubated at 37° C for
4 hours with shaking. The reactions were
stopped and CO2 was absorbed as des
cribed above.

Analytical Methods. HPL was de
tected during purification by its character
istic reaction of partial identity with an
tibody to human pituitary growth hor
mone. Up to 500 /zg of preparations of
purified HPL were assayed for insulin by
radioimmunoassay, following the double
antibody procedure described in the ins
tructions supplied with the anti-insulin
serum. The assay could reliably and
consistently detect 3 pg (0.07 /zunits) of
insulin. Polyacrylamide-gel electrophore
sis was carried out essentially by the meth
od of Davis (5), with the buffer system
described by Reisfeld and Small (21).
The methods used for the determination
of 14C incorporation into CO,, and into
glycerol and fatty acids of tissue glycer
ides, and for the assay of glycerol, fatty
acids and glucose in the incubation me
dium, have been described previously
(13). Glycogen was extracted from the
fat-free tissue residue by the method of
Walaas and Walaas (31) in the presence
of added glycogen as carrier. Further
purification (20) did not result in any
increase in specific activity.

Preparation and purification of
HPL. Human placentas were kept frozen
until extracted. After removal of fat and
membranes they were homogenized in
glacial acetic acid/acetone (400:75, v/v)
in a Waring Blendor (2 ml/g tissue). The
homogenate was heated to 70° C and
allowed to cool. It was then centrifuged
at 1,000 X g for 30 min. An equal volume 
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of diethyl-ether was added to the su
pernatant. The precipitate which formed
was dried by successive treatments with
acetone, and the dry powder was sus
pended in 0.2 M acetic acid (14 ml/g
powder). After stirring at 4° C overnight,
the suspension was centrifuged at LOOOXg
for 20 min and the precipitate discarded.
All subsequent steps were performed at
4° C. The pH of the supernatant was
brought to 13.0 by the addition of satu
rated NaOH while the solution was mag
netically stirred, and then immediately
reduced to pH 9.0 with glacial acetic
acid. The suspension was stirred for 30
minutes, centrifuged at 1,000 X g for
30 min and the precipitate discarded. The
pH of the supernatant was brought to 7.4
with 0.2 M acetic acid. Proteins which
precipitated from this solution at con
centration of (NHJijSC^ between 33 and
50 % saturation were collected by centri
fugation, dissolved in 10 ml of 0.02 M
acetic acid and dialysed against the same
solution for 24 hours with two changes
of dialysing fluid. The dialysate was
brought to pH 6.0 with 0.1 M KOH and
centrifuged at 5,000 X g for 30 min.
Ethanol at —20° C was added to the
supernatant to give a final concentration
of 15 %. After 3 h at 4° C, the suspension
was centrifuged at 5,000 X g for 30 min
and the precipitate dried by successive
treatments with acetone. The powder was
dissolved in 0.02 M acetic acid (20 ml/g
powder) and applied to a column (0.9 X
80 cm) of Sephadex G-100 equilibrated
with the same solution. The column was
eluted with 0.02 M acetic acid. The pro
tein in the eluate was assayed in successive
3 ml fractions by measuring UV absorp
tion at 280 nm and HPL was detected
immunochemically. The HPL was eluted
in approx. 3 times the void volume as
the last of four protein peaks. Its elution
volume corresponded to a molecular
weight of 30,000-35,000 based on a com
parison with known proteins (human al
bumin and human growth hormone). The 

peak containing the HPL was dried from
the frozen state and dissolved in 0.1 M
phosphate buffer (pH 7.5). When sub
mitted to polyacrylamide-gel electropho
resis it gave a single dense band on
staining, with a faint band of higher mo
bility. Further purification, with removal
of about 10% of the total protein, was
achieved by preparative polyacrylamide
gel electrophoresis. About 50 mg of puri
fied protein was obtained from 1 kg of
placenta.

Materials. Sephadex G-100 was ob
tained from Pharmacia Fine Chemicals,
Uppsala. Acrylamide was obtained from
BDH. L-arterenol bitartrate and bovine
serum albumin (Fraction V powder) were
obtained from Sigma. The albumin was
defatted by the method described by
Chen (3). [U-14C] glucose and sodium
[1-14C] acetate were obtained from The
Radiochemical Centre, Amersham. Pig
insulin (Pro-Actrapid, free from glucagon)
was obtained from Novo Industries, Lon
don. Samples of HPL were kindly provid
ed by Dr. D. R. Banham, Division of
Biological Standards, National Institute
for Medical Research, Mill Hill, London,
and by Dr. C. H. Li, Laboratory of Hor
mone Research, University of California,
San Francisco. The hormones were dis
solved and diluted in Krebs-Ringer bicar
bonate buffer, pH 7.4, immediately before
use. Antibodies were raised in rabbits to
human growth hormone (obtained from
Dr. D. H. Banham, as above). Anti-insulin
serum was obtained from Wellcome
Reagents Ltd., Beckenham, Kent.

Results

Identification of the purified pro
tein. A protein which gave a reaction
of partial identity with antibody to growth
hormone was purified from human pla
centa as described in Methods. The pro
tein had a molecular weight of about
30,000, migrated as a single band when 
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subjected to polyacrylamide-gel electro
phoresis and gave a single antibody when
injected into rabbits. Other properties of
the protein, in addition to its immuno
chemical behaviour, were characteristic
of HPL. It promoted the growth of fe
male rats whose growth curve had reached
a plateau, its activity in this respect being
about 1/5 that of growth hormone. It also
prolonged dioestrus in intact, immature
rats and this luteotrophic effect has been
used to establish a bioassay for the hor
mone (16). The HPL obtained from
preparative gel-electrophoresis did not
withstand freezing or lyophilization, and
its instability in solution at physiological
pH rendered it unsuitable for metabolic
studies. The material obtained from the
penultimate (gel filtration) stage of puri
fication was much more stable. This ma
terial contained over 90 % HPL, as indi
cated by analytical gel-electrophoresis and
was shown to contain no hormonal or
hormone-like impurity that would inter
fere with metabolic studies. It was free of
growth hormone and chorionic gonado
trophin when tested by the double-dif
fusion immunochemical technique of
Ouchterlony (19) and contained no in
sulin that could be detected by radioim
munoassay (500 /zg of protein in an assay
that could detect 3 pg of insulin). Thus
this material, rather than the unstable
protein, was used in the metabolic studies
described below.

Comparison of HPL with insulin.
The effects of HPL and insulin on the
metabolism of epididymal fat from male
rats and of parametrial fat from female
rats were compared in vitro. Preliminary
experiments were performed to determine
the concentrations at which insulin and
noradrenaline exerted their maximal ef
fects upon the metabolism of glucose by
adipose tissues under these conditions.
The optimal concentration of each (5 nM
for insulin and 10 /zM for noradrenaline)
was then employed in the experiments 

with HPL. Under all conditions the rates
of incorporation or uptake were constant
throughout the 2-hr incubations. Table I
shows the effect of HPL and of insulin
on glycerol release and the metabolism
of [14C] glucose by parametrial and epi
didymal adipose tissues in vitro. Glucose
uptake, glycerol release and incorporation
of ,4C into CO2, glyceride and glycogen
were all higher in the presence of HPL
than in control samples incubated without
HPL. Some of these effects could be de
tected with 50 /zg of HPL/ml, but higher
concentrations (100 /zg/ml for female
tissue and 500 /zg/ml for male tissue)
were required before the differences
achieved statistical significance. Assuming
a molecular weight of 30,000 for HPL,
100 /zg/ml corresponds approximately to
3 /zM.

Insulin stimulated glucose uptake and
incorporation of 14C into CO,, glycerides
and glycogen. In contrast to the action of
HPL, insulin significantly depressed the
release of glycerol from rat adipose tissue
from both sources. Moreover, a dose of
HPL whose effect on glucose uptake was
comparable with that of insulin had a
smaller effect than that of insulin on the
incorporation of 14C into glycogen and
glyceride fatty acids, and a greater effect
on incorporation of I4C into glyceride
glycerol. The effects of HPL and insulin
on glucose uptake and 14C incorporation
were essentially the same in the absence
and in the presence of noradrenaline.
However, in the presence of noradrenaline
HPL did not stimulate glycerol release,
whereas insulin caused the increase in
glycerol release which is normally ob
served with these concentrations of hor
mones in the presence of glucose (10, 12).

In order to test whether the effects
shown in table I were due to a direct
action of HPL on fat cells or were me
diated by an action on other cells within
the tissue, the effect of the hormone on
isolated fat cells was investigated. HPL at
concentrations greater than 50 /zg/ml in-
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Table 11. Effect of HPL and insulin on the metabolism of [,4C] acetate by epididymal
fat pads.

Incubations contained 3 mM non-radioaclive glucose and 1 mM Na [1-,4C] acetate (1 /xCi/ml).
Results are given as the mean ± S.E.M. of four sets of incubations.

Incorporation of- [1-,4C] acetate Into

Additions
CO, Glyceride fatty acids Glyceride glycerol

/rmoles/g tlssue/2 h

None 6.79 ± 0.19 4.05 ± 0.16 0.099 ± 0.007
100 /tg/ml HPL 6.68 ± 0.30 3.31 + 0.36 0.137 ± 0.012
500 /tg/ml HPL 6.23 ± 0.40 3.62 ± 0.22 0.120 ± 0.008
Insulin (5 nM) 5.70 ± 0.15 * 17.90 ± 0.32 * 0.044 ± 0.004 *

• Significantly (P «C 0.05) different from basal.

creased the incorporation of 14C from
[U-14C] glucose into CO, and into gly
cerol and fatty acids of glyceride. This
stimulatory effect showed no evidence of
a lag period.

The preparation of HPL used for the
present work had a greater effect upon
glucose metabolism in adipose tissue than
the preparation of Dr. C. H. Li and was
considerably more active than the Mill
Hill preparation. For instance, when test
ed at a concentration of 125 /zg/ml the
present preparation produced a 55 %
increase in the incorporation of [I4C]
glucose into CO, and a 150% increase in
incorporation into glyceride fatty acids.
In identical experiments performed with
the same pool of tissue and the same
concentrations of HPL, the increases
were 26 and 64 % respectively for the
preparation from Dr. Li and 15 and 49 %
for the preparation from Mill Hill.

Our preparation of PHL differed from
insulin in its effect on the metabolism
of acetate in adipose tissue (table II).
Whereas insulin stimulated the incorpo
ration of I4C from [1-14C] acetate into
fatty acids and inhibited 14C incorporation
into CO, and glyceride glycerol, HPL had
no significant effect on any of these as
pects of adipose tissue metabolism.

Antagonism between HPL and insu

lin. Although several of the actions of
HPL on glucose metabolism in adipose
tissue were similar to those of insulin,
some of the effects of insulin were mod
ified by HPL. This was most marked
in the case of those effects of insulin
which differed significantly from those
of HPL (table I)- Thus, HPL reversed
the inhibitory effect of insulin upon gly
cerol release and significantly diminished
the stimulatory effect of insulin upon the
incorporation of 14C from [U-14C] glu
cose into glycogen and into the fatty acids
of glyceride (table III).

Effect of HPL on human adipose tis
sue. HPL did not stimulate glycerol
release from human adipose tissue, but
in other respects its actions upon human
fat, in the presence and in the absence
of insulin, were similar to those observed
in rat adipose tissue (table III). In par
ticular, glucose uptake and the incorpo
ration of 14C from [U14C] glucose into
CO, and glycogen were stimulated in the
absence of insulin.

Discussion

The immunochemical properties of the
HPL used for the present work were
similar to those preparations described
by others (2, 4, 9, 28). However, our
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preparation appears to be biologically
more active than preparations used by
other workers (C. Osorio and C. Ferrer,
unpublished observations). Thus, com
pared with equal weights of human pi
tuitary growth hormone, its somatotro
phic activity was more than twice that
of the preparations used by Murakawa
and Raben (17). Moreover, the effect of
our preparation upon the metabolism of
adipose tissue was considerably greater
than that of the sample of purified HPL
provided by Dr. C. H. Li. Even so, the
concentration of the hormone preparation
required to elicit a significant response
upon adipose tissue in vitro was about 10
times higher than that found in blood
during pregnancy. Similarly high or higher
concentrations have been required by
other workers to show any effect of HPL
on glucose metabolism (7) or lipolysis
(25, 29). This could be explained by
unphysiological constraints imposed by
using an in vitro system and by loss of
biological activity during the purification
procedure. However, until a more active
preparation is isolated, any interpreta
tions of the physiological significance of
effects of HPL observed in vitro should
be treated with caution.

HPL had direct effects upon the me
tabolism of adipose tissue, some of which
were qualitatively similar to those of in
sulin, both in the absence and in the
presence of noradrenaline. Stimulation of
the uptake and metabolism of glucose by
epididymal fat pads was also observed
with the preparation of HPL used by
Friesen (7) but has not been demonstrated
previously in adipose tissue from female
rats or human subjects. In contrast to our
preparation of HPL, that used by Turtle
and Kipnis (29) did not stimulate glucose
metabolism in adipose tissue. We there
fore considered the possibility that some
of the metabolic effects of our prepara
tions of HPL were due to contamination
with insulin. However, insulin could not
be detected by radioimmunoassay in any 

preparation. From the limit of sensitivity
of the assay, it can be calculated that the
maximun concentration of insulin in a
solution of 500 /xg of the HPL prepara-
tion/ml was 0.5 pM (0.07 /xunit/ml). This
is far below the lowest concentration of
insulin (1-5 /xunits/ml) that can elicit a
response from adipose tissue in vitro (22,
24). Contamination with insulin or insu
lin-like hormones is also difficult to rec
oncile with the finding that some effects
of insulin were antagonized by HPL and
that, for a given degree of stimulation of
glucose uptake, HPL had a greater effect
than insulin on the incorporation of
[14C] glucose into glyceride glycerol and
a smaller effect on incorporation into
fatty acids and glycogen. Finally, HPL
differed from insulin in having no effect
on the incorporation of [1-14C] acetate
into fatty acids. Since there was no con
sistent lipolytic effect of our preparation
of HPL, it is unlikely to be contaminated
with lipolytic hormones.

Adipose tissue from pregnant rats has
a high basal uptake of glucose (14). There
is also a resistance to the actions of in
sulin in human peripheral tissues during
pregnancy (18). The stimulatory effects
of HPL on glucose metabolism and its
inhibitory effect on some of the actions
of insulin suggest that HPL could be
responsible for some of these changes.
However, the present results do not in
dicate how far HPL is responsible for the
raised plasma FFA concentration that
occurs in human pregnancy. Turtle and
Kipnis (29) and Strange and Swyer (25)
found that a lag period of 2 hours was
required before any stimulation of lipol
ysis in adipose tissue could be observed
after addition of HPL in vitro. Our prep
arations of HPL increased the rate of
glycerol output by rat adipose tissue
during a 2 hours incubation, but the
magnitude of the effect was variable and
no effect was obtained with human adi
pose tissue. It is unlikely, therefore, (hat
the increase in serum FFA concentration 
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observed in pregnant women is due to
an activation by HPL of adipose-tissue
triglyceride lipase.

Resumen

Se han estudiado los efectos metabolicos de
HPL sobre el tejido adiposo humano y el de
rata in vitro. En tejido de rata, HPL se ase-
mej6 a insulina, estimulando la captacidn de
glucosa y la incorporaci6n de [C14] glucosa a
CO3, triglicdridos y gluc6geno, pero se com-
port6 de manera diferente a insulina, estimu
lando la liberacidn de glicerol y no estimulan
do la incorporaci6n de [C“] acetato a CO,,
dcidos grasos y glicerol de glicdridos. HPL an-
tagoniz6 la estimulacion de la incorporation de
[C14] glucosa y la inhibicidn de la liberacidn
de glicerol producidas por insulina. Los efec
tos de HPL sobre el tejido adiposo humano
fueron similares a los producidos en tejido adi
poso de rata, excepto que no estimul6 la libe
racidn de glicerol en tejido adiposo humano.
A la vista de estos resultados se discute el po-
sible papel que ejerza HPL en la sobrecarga
diabetogdnica del embarazo.
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