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Abstract. In vitro actions of purified plerocercoid growth factor (PGF) were compared 
with those of insulin and human growth hormone (hGH) in adipose tissue from normal 
male rats. Insulin-like effects were measured by the ability of PGF, insulin, or hGH to 
stimulate oxidation of [U-'4C]glucose to ''C02, to stimulate lipogenesis, and to inhibit 
epinephrine-induced lipolysis. PGF and insulin stimulated significant increases in glu- 
cose oxidation and lipogenesis in adipose tissue that had not been preincubated as 
well as in tissue that had been preincubated. hGH stimulated insulin-like effects only in 
tissue that had been preincubated for 3 hr. Insulin, hGH, and PGF inhibited epinephrine- 
induced lipolysis of preincubated (3 hr) adipose tissue. hGH produced a dramatic lipolytic 
response in tissue freshly removed from normal rats but no dose of PGF was lipolytic. 
PGF did not displace '251-insulin from its receptors on adipocytes but did competively 
inhibit 'Z51-hGH binding to adipocytes. These results suggest that PGF has direct insulin- 
like actions which are initiated by binding a GH receptor, but PGF had no anti-insulin 
action and the insulin-like activity of PGF was unaffected by refractoriness of adipose 
tissue to GH. [P.S.E.B.M. 1989, Vol 1901 

factor produced by plerocercoids of the tape- 
worm Spirometra mansonoides is structurally A and functionally similar to human growth hor- 

mone (hGH). Like hGH, plerocercoid growth factor 
(PGF) stimulates body growth in rodents (1-3), in- 
creases somatomedin production (4, 5) ,  binds to so- 
matogenic and lactogenic receptors ( 6 4 ,  cross-reacts 
with anti-hGH antibodies (9), and is lactogenic in the 
pigeon crop-sac assay (10). Although the biologic simi- 
larities between hGH and PGF are many there are 
distinct differences. Growth hormone is lipolytic ( 1  1 )  
and diabetogenic ( 12) whereas PGF is distinctly lipo- 
genic (13-16) and is not diabetogenic (3). 

It is well established that growth hormones (GH) 
from a variety of species exhibit multiple biologic activ- 
ities. In addition to the stimulation of growth, GH has 
intrinsic anti-insulin properties as well. Furthermore, 
under special circumstances, GH produces transient 
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insulin-like effects, including stimulation of glucose 
uptake and utilization as well as the inhibition of lipol- 
ysis. Normal animals or tissues from normal animals 
are sensitive to the anti-insulin actions of GH, but the 
insulin-like actions of GH are best demonstrated in 
tissues from GH-deficient animals such as very young 
fasted rats ( 1 8), hypophysectomized rats ( 19), or normal 
rats treated with anti-GH antibodies (20). The refrac- 
toriness (insensitivity) of tissues from normal animals 
to the insulin-like actions of GH is believed to be due 
to some action of GH itself (21). The mechanism 
responsible for refractoriness is not understood, but 
several possibilities have been proposed. The suggestion 
that reversal of refractoriness requires de novo protein 
synthesis (19) is not totally satisfactory in light of evi- 
dence which demonstrates that tissues removed from 
stressed normal rats respond immediately to the insu- 
lin-like action of GH (20). Furthermore, refractoriness 
is not due to an inadequate number of GH receptors 
or to decreased affinity of GH binding (23) as hypophy- 
sectomized rats have fewer GH receptors than normal 
rats, yet are very sensitive to the insulin-like actions of 
GH (24, 25). Since tissues which are refractory to the 
insulin-like action of GH are fully responsive to insulin 
and do not become refractory to insulin after repeated 
exposure, there is obviously no defect in the tissue's 
ability to respond to an appropriate signal. Eden et al. 
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(26) suggested that in tissues refractory to the insulin- 
like action of GH, the GH receptor may not be coupled 
to the appropriate effector mechanism in the mem 
brane. If this is true, GH would bind its receptor but 
no transmembrane signal would be transmitted to ini- 
tiate the insulin-like responses. 

Although the GH-like factor from plerocercoids of 
S. mansonoides stimulates growth in a variety of species 
(l), the type of growth stimulated by PGF is somewhat 
different from that produced by mammalian GH. 
Growth hormone stimulates lean body growth whereas 
PGF stimulates growth with fattening ( 1 , 13, 14). This 
suggests an insulin-like action for PGF and is supported 
by our recent observation that injections of PGF into 
normal rats stimulated acute insulin-like effects in adi- 
pose tissue (27). The purpose of the current work was 
to compare the direct in vitro effects of PGF with those 
of hGH and insulin on receptor binding and metabolic 
activity of adipose tissue from normal male rats. 

Materials and Methods 
Preparation of PGF. Plerocercoids were removed 

from mice, homogenized, and a membrane fraction 
was separated and solubilized in the nonionic detergent 
Triton X-100 (Sigma Chemical Co., St. Louis, MO) as 
described previously (2). In some cases the solubilized 
PGF was used directly as the test material but in other 
instances the PGF was subjected to further purification 
by either chromatofocusing chromatography (28) or 
hGH receptor affinity chromatography (2). Quantita- 
tion of both crude and purified PGF was based on its 
ability to competitively displace '"I-hGH from recep- 
tors in a rabbit liver membrane radioreceptor assay 
(RRA). The RRA was conducted as originally described 
(6) except an overnight (16- 18 hr) incubation was used 
and Triton X-100 (0.1% v/v) was included in the 
sample diluting buffer. Concentrations of PGF were 
expressed as nanogram equivalents (ng eq) of the hGH 
standard. Three different preparations of PGF were 
used in these studies and the total activities and specific 
activities were as follows: crude PGF, 308 ng eq/ml and 
42 ng eq/mg protein; PGF purified by chromatofocus- 
ing, 1328 ng eq/ml and 553 ng eq/mg protein; receptor 
affinity purified PGF, 15 12 ng eq/ml and 12,400 ng eq/ 
mg protein. No differences in tissue response to equiv- 
alent doses of PGF from any of the three different 
preparations were observed. Therefore, only the doses 
(in ng eq/ml) of PGF used in the various experiments 
were denoted. 

Prior to the use of crude PGF for further purifica- 
tion or for the in vitro metabolic studies, most of the 
Triton X-100 was removed by batch treatment with 
SM-2 Biobeads (BioRad Labs, Richmond CA). More 
than 99% of a 1% solution (v/v) of Triton X-100 can 
be removed by this method (29). In preliminary studies 
we found that very low concentrations (~0 .03%)  of 
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Triton X- 100 inhibited glucose metabolism in rat adi- 
pose tissue by as much as 90%. To overcome this 
problem, Triton X-100 was further extracted from all 
preparations of PGF used in the current studies by a 
modification of the method of Horigome and Sugano 
(30). Bovine serum albumin (BSA) (3 mg/ml) was 
dissolved in each preparation of PGF prior to the 
addition of Fractogel HW-40F (EM Reagents, Gibbs- 
town, NJ) in a ration of 1 ml of gel slurry to 3 ml of 
PGF. The slurry was gently mixed at 4°C for 30 min 
and the PGF-BSA solution was separated from the gel 
by filtration over a glass-wool filter. The preparations 
of PGF were used within 4 hr following the second 
detergent extraction. Greater than 90% of the activity 
of the PGF preparations (as determined by RRA) was 
recovered. A control sample containing 1% Triton X- 
100 and BSA prepared and extracted in the same man- 
ner as the PGF samples had no effect on glucose 
metabolism in adipose tissue. 

Animals and Adipose Tissue Preparation. Young 
normal male Sprague-Dawley rats ( 140- 180 g) were 
obtained from SASCO (St. Louis, MO) and were fed 
ad libitum with standard Purina Lab Chow (Ralston 
Purina, St. Louis, MO). The rats were killed by decap- 
itation between 0900 and 1100 hr on the day of the 
experiments. The thin distal portions of the epidydimal 
adipose tissue were quickly removed, placed in Krebs- 
Ringer bicarbonate (KRB) buffer, pH 7.4 (previously 
gassed thoroughly with 95% 02-5% COz), cut into small 
segments (30-50 mg each), and randomly aliquoted 
into various assay flasks (100-150 mg of tissue seg- 
ments/flask) as described previously (21). 

Glucose Metabolism. It has been reported that 
endogenous GH induces a condition of refractoriness 
in adipose tissue to its own insulin-like actions resulting 
in the absence of effects on this tissue obtained from 
normal animals when assayed within 1 hr after removal 
(21, 31). To compare the actions of PGF to those of 
hGH and insulin on tissue which should be insensitive 
to the insulin-like actions of GH, some tissue aliquots 
were transferred directly into KRB buffer (pH 7.4) 
containing 5.5 mM glucose ( [U-'4C]glucose, 0.027 pCi/ 
pM/ml added as tracer) with or without hormone (1 
pg/ml of hGH or 100 microunits/ml of insulin) or 
various concentrations of PGF (5-100 ng eq/ml) and 
incubated for 1 hr at 37°C. The hGH (NIH, hGH 1-1, 
2.2 IU/mg) was provided by the National Hormone 
and Pituitary Agency, NIDDK. The insulin used was 
regular Iletin I1 (Eli Lilly and Co., Indianapolis, IN). 

The insensitivity of adipose tissue from normal rats 
to the insulin-like actions of GH can be relieved if the 
tissues are preincubated for 2 to 3 hr in the absence of 
GH (21). Therefore, other aliquots of adipose tissue 
were transferred to KRB buffer without hormones, 
PGF, or [U-'4C]glucose and were preincubated for 3 hr 
prior to transfer to fresh KRB buffer containing 5.5 



mMglucose with [U-'4C]glucose added as the tracer in 
the presence of hormones or PGF and incubated for an 
additional 1 hr at 37°C. The reactions were terminated 
by adding 0.5 ml of 1 N H2S04. The 14C02 liberated 
was trapped in tightly coiled strips of filter paper in 
suspended polyethylene collection cups (Kontes, Ev- 
anston, IL) containing hyamine hydroxide 10-X 
(Sigma, St. Louis, MO) as described previously (22). To 
measure the amount of lipid synthesized, the incubated 
adipose tissue was homogenized and extracted for total 
14C lipids using Dole's extraction mixture (hep- 
tane:isopropanol: 1 N H2S04; 40: 10: 1) (32). Radioactiv- 
ity was counted in a Tri-Carb 460 liquid scintillation 
spectrometer (Packard Instruments, Downers Grove, 
IL). 

Antilipolytic Effect. To measure antilipolytic ef- 
fects, tissue segments were preincubated in KRB buffer 
(containing 1% BSA, 1 mg/ml glucose) for 3 hr as 
described above. Following the preincubation period, 
the tissue segments were transfered to fresh control 
medium (KRB buffer, 4% BSA, 1 mg/ml glucose) or 
to medium containing epinephrine (50 ng/ml) alone 
(to stimulate lipolysis), or to medium containing a 
combination of epinephrine with either PGF (5-  150 ng 
eq/ml), hGH (1 pg/ml), or insulin (100 microunits/ 
ml). All incubations contained 0.1 mg/ml ascorbate to 
prevent the oxidation of epinephrine. The incubations 
were continued for 1 hr at 37°C in a shaking water bath. 
The reaction was terminated by quickly placing the 
assay flasks on ice and removing the tissue segments 
from the flasks with forceps. Glycerol released into the 
medium during incubation was used as an index of 
lipolysis. The assay medium was diluted 1 /3 with KRB 
buffer and glycerol analysis was performed using an 
enzymatic flourometric method originally described by 
Wieland (33) and modified by Nilsson and Belfrage 
(34). The advantage of using glycerol over free fatty 
acids is because of its stability and it cannot readily be 
metabolized by the adipose tissue and therefore gives a 
more reliable indication of lipolytic activity (35). 

Lipolytic Effect. Whereas the in vitro insulin-like 
effects of GH can only be observed in tissues from GH- 
deficient rats or in tissues from normal rats after prein- 
cubation for 2 to 3 hr to remove refractoriness, anti- 
insulin effects of GH, including lipolysis, can be meas- 
ured in tissues from normal rats without preincubation 
( 1 1,23, 36). Adipose tissue was removed and incubated 
for 3 hr in the absence or presence of various concen- 
trations of hGH (1 0- 1000 ng/ml) or PGF ( 10- 100 ng 
eq/ml) in KRB buffer containing 4% BSA and 1 mg/ 
ml glucose. The adipose tissue was then transferred to 
a fresh hormone-free medium containing 0.3 ng/ml 
theophylline for an additional hour at 37°C. Glycerol 
released into the medium was used as an index of 
lipol ysis. 

Binding Studies. Adipocytes were isolated from 

epididymal fat pads of normal rats using the method of 
Rodbell (37) with some modifications. The fat pads 
were cut into small pieces and transferred to plastic 
beakers in KRB buffer containing 4% BSA, 1 mg/ml 
glucose, 1 mg/ml collagenase (Cooper Biomedical Di- 
agnostics, Freehold, NJ). The beakers were thoroughly 
gassed with 95% 02-5% C02 and sealed with Parafilm 
(American Can, Greenwich, CT) and incubated for 30 
min in a shaking water bath at 37°C. The cells were 
filtered through four layers of buffer-wetted cotton 
gauze. Visible clumps of cells were discarded and the 
adipocytes were collected after centrifugation for 1 min 
at 400g at room temperature. The cake-like layer of 
cells was washed three to four times with KRB buffer 
containing 1% BSA and 1 mg/ml glucose, then resus- 
pended in KRB buffer and the concentration of adi- 
pocytes was determined with a hemocytometer. 

To determine if PGF competitively inhibits insulin 
binding to adipocytes, 3 X lo5 cells/ml were incubated 
with 1 X lo5 cpm of porcine '251-insulin (37 pCi/pg; 
New England Nuclear, Boston, MA) with increasing 
concentrations of insulin (2-100 ng/ml) or PGF (2- 
100 ng eq/ml) for 1 hr at 37°C. Separation of bound 
hormone from free hormone was achieved by centrif- 
ugation of adipocytes over dinonyl phthalate (38) in 
plastic microtest tubes (Sarsdedt, Princetown, NJ) fol- 
lowed by cutting the tube below the upper phase con- 
taining the cell layer with a hot razor blade. Nonspecific 
binding (NSB) was defined as the amount of 1251-insulin 
bound in the presence of a large excess of unlabeled 
insulin (25 pg/ml). Total binding was defined as the 
amount of labeled hormone bound in the absence of 
unlabeled hormone. Specific binding was obtained by 
subtracting the NSB from total binding and was ex- 
pressed as a percentage of the total radioactivity added 
to each tube. 

Competitive binding studies using adipocytes, 1251- 
hGH (6 x lo4 cpm, 60 pCi/pg), and hGH or PGF were 
also conducted. The procedures and the calculations of 
IZ51-hGH binding were the same as those described for 
the insulin binding studies. 

Statistical Analysis of Data. All data are presented 
as the mean & SE. The dose-response curves were 
analyzed by logarithmic regression and the competitive 
displacement curves for the binding studies were ana- 
lyzed by logit-log regression. The data for the various 
treatment groups were subjected to Student's t test and 
P values less than 0.05 were considered statistically 
significant. 

Results 
Glucose Metabolism. Consistent with previous 

reports (21, 22) adipose tissue removed from normal 
rats was resistant to the insulin-like actions of hGH 
added to the incubated tissue within the first hour after 
removal. Preincubation for 3 hr removed the refracto- 
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riness of the adipose tissue to the insulin-like action of 
hGH (Fig. 1 ). Remarkably, PGF stimulated significant 
increases in glucose oxidation when added to adipose 
tissue directly after removal from the rats as well as 
when added after preincubation (Fig. 1). The potency 
of PGF in stimulating glucose metabolism is notewor- 
thy as 32 ng eq/ml stimulated a response which was 
not significantly different from that produced by 1 pg/ 
ml of hGH in tissues that had been preincubated for 3 
hr prior to the addition of hormone. Furthermore, the 
data in Figure 2 show that PGF stimulated the rate of 
glucose oxidation as well as the incorporation of I4C 
from glucose into total lipids of adipose tissue segments 
in the first hour of incubation in a dose-dependent 
manner. A dose of as little as 25 ng eq/ml stimulated a 
significant (P < 0.05) increase in glucose oxidation and 

C incorporation into lipids. These results clearly dem- 
onstrate that PGF has distinct insulin-like activities 
when added directly to adipose tissue in vitro and that 
refractoriness to GH did not affect the insulin-like 
actions of PGF. This supports our earlier observation 
that injections in PGF in normal rats produced acute 
increases in glucose and leucine metabolism in adipose 
tissue and skeletal muscle (27). 

Inhibition of Epinephrine-Induced Lipolysis. 
Among the direct insulin-like actions of GH is its ability 
to inhibit epinephrine-stimulated lipolysis in adipose 
tissue. However, as in the case of glucose oxidation, 2- 

14 

i 

1” HOUR 

T 
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Figure 1. Effect of hGH, insulin, or PGF on glucose oxidation in 
adipose tissue from normal rats. Adipose tissue was removed from 
normal male rats, cut into small segments, which were either placed 
directly in assay medium containing [U’4C]glucose with hGH (1 pg/ 
ml), insulin (100 microunits/ml), or PGF (32 ng eq/ml) for 1 hr (first 
hour), or preincubated in the absence of hormones or PGF for 3 hr 
before being transferred to the assay medium containing [U-’4C] 
glucose and hormones in the final hour of incubation (fourth hour). 
Oxidation of [U-’4C]glucose to 14C02 in adipose tissue was measured 
as described in Materials and Methods. The data are expressed as 
mean _C SE of quadruplicate samples and are the results of three 
separate experiments. Asterisks indicate statistically significant dif- 
ferences in the rate of glucose oxidation vs the control (P < 0.05). 
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Figure 2. Effect of increasing doses on stimulation of glucose me- 
tabolism in adipose tissue from normal rats. Adipose tissue was 
removed from normal male rats, cut into small segments, and placed 
directly into assay medium containing [U’4C]glucose in the presence 
of buffer alone (control) or PGF (5-100 ng eq/ml). The rates of [U 
’‘C]gIucose oxidation to 14C02 and 14C incorporation into lipids in 
adipose tissue were measured as described in Materials and Meth- 
ods. The data are expressed as mean f SE of quadruplicate samples 
and are the results of two separate experiments. Upper panel, [U- 
’‘C]grucose oxidation to 14C02 in adipose tissue. Lower panel, 14C 
incorporation into lipids of adipose tissue. Addition of PGF produced 
a highly significant (P < 0.05) dosedependent increase in glucose 
oxidation and 14C incorporation into lipid of adipose tissue. At con- 
centrations of 25 ng eq/ml and above, PGF produced significant 
increases over the control (P < 0.05). 

3 hr of preincubation are required to allow tissues to 
escape from refractoriness to this action of GH (39,40). 
In order to ensure sensitivity to GH, we preincubated 
adipose tissue segments for 3 hr prior to the addition 
of hormones or PGF. The data in Figure 3 show that 
insulin ( 100 microunits/ml) inhibited epinephrine- 
stimulated lipolysis by 33% (P < 0.05) and hGH (1 pg/ 
ml) inhibited lipolysis by 29% (P < 0.05) when com- 
pared with control tissue to which only epinephrine 
was added. Addition of increasing concentrations of 
PGF also resulted in a dramatic inhibition of lipolysis 
and 10 ng eq/ml of PGF caused a level of inhibition 
(24%) which was significantly (P< 0.05) different from 
the control and of similar magnitude as that produced 
by 1 pg/ml of hGH. At 100 ng eq/ml of PGF, the 
magnitude of the inhibition was not significantly differ- 
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Figure 3. Effect of hGH, insulin, and PGF on epinephrine-induced 
lipolysis in adipose tissue from normal rats. Adipose tissue segments 
were removed from normal male rats and incubated for 3 hr in buffer 
alone. The tissues were then transferred to a fresh medium containing 
50 ng/ml of epinephrine alone (control), epinephrine plus insulin (100 
microunits/ml), epinephrine plus hGH (1 pg/ml), or epinephrine plus 
PGF (5-150 ng eq/ml) for 1 hr. The amount of glycerol released into 
the medium in the final hour of incubation was measured as described 
in Materials and Methods. The data are the mean f SE of quadrupli- 
cate samples and are the results of a single representative experiment 
from three separate experiments. Asterisks indicate statistically sig- 
nificant differences in glycerol production vs the control (P < 0.05). 

ent from that produced by 100 microunits/ml of insu- 
lin. Therefore, the presence of antilipolytic activity 
confirms that PGF has intrinsic insulin-like activities. 

Stimulation of Lipolysis. Preincubation is not nec- 
essary to demonstrate anti-insulin activities of GH as 
tissues from normal as well as hypophysectomized rats 
are sensitive to the lipolytic action of GH when it is 
added directly to tissue (1 1). The data in Figure 4 show 
that the lowest concentration of hGH used (10 ng/ml) 
stimulated a significant increase in lipolysis and that 
the response was dose related ( r  = 0.95) through the 
highest dose of hGH (1000 ng/ml). The highest dose of 
PGF (100 ng eq/ml) did not produce an increase in 
lipolysis when compared with the control tissue. These 
data suggest that the direct actions of PGF do not 
include lipolytic activity. 

Binding Studies. The ability of PGF to competi- 
tively inhibit 1251-insulin and '"I-hGH binding to adi- 
pocytes from normal rats was also tested. In the current 
experiments specific binding (total binding-NSB) for 
'251-insulin ranged from 3 to 4% of the total radioactiv- 
ity added to each tube and specific binding for 1251- 
hGH was 2 to 3% of the total radioactivity added. 
Nonspecific binding averaged 25 % of total binding for 

insulin and 30% of total binding for Iz5I-hGH. The 
data in Figure 5 show no concentration of PGF inhib- 
ited the binding of '251-insulin to its receptors on rat 
adipocytes. The fact that PGF binds to GH receptors 
in rats (7) is verified by its ability to competively inhibit 
specific binding of 1251-hGH to its receptors on rat 
adipocytes (Fig. 6 ) .  It is clear from the data that PGF 
was less potent in displacing Iz5I-hGH from rat adipo- 
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Figure 4. Effect of hGH and PGF on lipolysis in adipose tissue from 
normal rats. Adipose tissue was removed from normal male rats and 
placed directly into medium containing buffer alone (control), hGH 
(10-1000 pg/ml), or PGF (10-100 ng eq/ml) for 3 hr. The tissues 
were then transferred to fresh medium containing theophylline alone 
and incubated for 1 hr. The amount of glycerol released into the 
medium in the final hour of incubation was measured as described in 
Materials and Methods. The data are the mean f SE of quadruplicate 
samples and are the results of a single representative experiment 
from three separate experiments. Addition of hGH in vitro produced 
a dose-dependent increase in lipolysis with r = 0.95. Asterisks 
indicate statistically significant (P < 0.005) differences vs basal glyc- 
erol production (control). 

cytes than it was in the rabbit liver membrane RRA. 
However, these results suggest that the insulin-like ac- 
tivities of PGF, like those of hGH, are initiated by 
binding to somatotrophic receptors rather than to in- 
sulin receptors. 

Discussion 
These studies provide evidence that preparations 

of PGF possess intrinsic insulin-like activity when 
added directly to adipose tissue from normal rats. The 
fact that tissues from normal rats were sensitive to PGF 
but were refractory to hGH during the first hour of 
incubation suggests the possibility that PGF might act 
via the insulin receptors. Contrary to this idea, PGF 
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Figure 5. Competitive inhibition of '251-insulin binding to adipocytes 
from normal rats. Adipocytes (3 x lo5 cells/ml) were prepared from 
normal male rats and incubated for 90 min in a medium containing 

I-insulin alone or '251-insulin with either unlabeled insulin (0.2 to~l00 
ng/ml) or PGF (2 to 100 ng eq/ml). Binding assays were performed 
as described in Materials and Methods. The ordinate represents the 
"51-insulin specifically bound (after correcting for NSB) to the adipo- 
cytes. In this experiment, specific binding was 2.3% and NSB 0.6% 
of the total radioactivity added to each tube. The doses of PGF on 
the abscissa were based on binding activity determined in a previous 
RRA as described in Materials and Methods. The data shown repre- 
sent the mean of duplicate samples from a single assay but are 
representative of three separate experiments. No dose of PGF used 
displaced 1251-insulin from its receptors on adipocytes. 
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Figure 6. Competitive inhibition of 1Z51-hGH binding to adipocytes 
from normal rats. Adipocytes (3 x 1 O5 cells/ml) were prepared from 
normal male rats and incubated for 90 min in a medium containing 
lZ51-hGH alone or in the presence of either unlabeled hGH (0.6 to 100 
ng/ml), PGF (2.5 to 67 ng eq/ml), or a single dose of insulin (12,000 
ng/ml). Binding assays were performed as described in Materials and 
Methods. In this experiment, specific binding was 1.7% and NSB 
was 0.8% of the total radioactivity added to each tube. The doses of 
PGF on the abscissa were based on binding activity determined in a 
previous RRA, as described in Materials and Methods. The data 
shown represent the mean of duplicate samples from a single assay 
but are representative of four separate experiments. Addition of PGF 
displaced "51-hGH binding to hGH receptors on adipocytes in a dose- 
dependent manner with r = 0.96. Insulin did not competitively displace 
lZ51-hGH binding to adipocytes. 

did not compete for insulin receptors but did competi- 
tively inhibit binding of I2%hGH to its receptors on 
adipocytes. These data are interpreted to mean that 
PGF induces direct effects on adipose tissue via a GH 
receptor. However, the responses of adipose tissue to 
PGF and hGH were distinctly different. 

It is well known that freshly isolated tissue from 
normal rats is insensitive to the insulin-like effects of 
GH. The underlying mechanisms responsible for this 
lack of sensitivity is thought to be a result of the 
influence of endogenous GH. The possibility that re- 
fractoriness is due to a lack of GH receptors seems 
unlikely to be the only explanation as several groups 
have shown significant levels of specific binding to GH 
to adipocytes that were unresponsive to its insulin-like 
activities (23, 26). Other evidence suggests that subse- 
quent to receptor binding and activation of a trans- 
membrane signal, the antilipolytic effect shared by in- 
sulin and GH is the result of initiation of common 
metabolic pathways in adipose tissue (42). Since the 
same tissue which is insensitive to the insulin-like effects 
of GH is fully responsive to insulin seems to suggest 
that refractoriness to GH may be due to the GH recep- 
tors not being coupled to the appropriate effector mech- 
anism in the plasma membrane (26). 

Results of the current work clearly show that PGF 
specifically bound GH receptors and produced distinct 
insulin-like effects in adipose tissue from normal rats. 
Whereas we have no data regarding the differences 
between hGH and PGF which allowed PGF to circum- 
vent the refractoriness of normal adipose tissue to the 
insulin-like effects of GH, it is clear that tissues from 
normal rats which had not been preincubated were 
highly sensitive to PGF in the same manner as observed 
with insulin. This suggests that refractoriness may be 
due to some aspect of the interaction of GH with its 
receptor and not the result of deficient receptors or any 
defect in the membrane effector system for GH as 
previously suggested (26). Recently, modified forms of 
hGH were shown to interact differently with receptors 
and to produce different responses in rat adipose tissue 
(43). These data support the possibility that the differ- 
ential effects of GH on adipose tissue could be mediated 
by different receptors or by separate signaling mecha- 
nisms that interact with different components of the 
GH-receptor complex. Evidence for the presence of a 
functional membrane receptor effector system for GH 
in refractory adipose tissue is demonstrated by reports 
which show that when normal rats were subjected to 
stress, GH could stimulate insulin-like responses in 
adipose tissue which had not been preincubated (2 1 ,  
22). Considering the apparent difference in potency of 
PGF in binding the GH receptor on adipocytes and 
initiating insulin-like responses in adipose tissue, the 
current data could be explained if PGF binds a putative 
"insulin-like" GH receptor but is unable to bind a 
putative "anti-insulin" GH receptor. 
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It is clear from the current work, as well as previous 
reports, that PGF can mimic some, but not all, of the 
actions of GH (1-10, 13-17, 44). The most obvious 
difference is found in the inability of PGF to duplicate 
the anti-insulin actions of GH (3, 13). It is possible that 
a distinct peptide domain of GH is responsible for its 
anti-insulin activities and is also required for GH to 
induce refractoriness to its own insulin-like activities. 
If PGF does not share the putative anti-insulin sequence 
it cannot induce refractoriness and tissues are imme- 
diately sensitive to its insulin-like actions. 

The potency of PGF in producing insulin-like re- 
sponses in these studies warrants attention. The quan- 
titation of PGF for these studies was determined based 
on its ability to displace '251-hGH in a RRA and is 
expressed in ng eq of the hGH standard. The actual 
mass and its activity in other assays may be much 
greater (or less) than its ability to displace I2ThGH 
from its receptors in rabbit liver. In support of this is 
our earlier report that showed that 50 ng eq/day in- 
duced a significant weight gain response in hypophy- 
sectomized rats and 400 ng eq/day stimulated a maxi- 
mal growth response (2). From the current data, it is 
important to note the dose-dependent nature of the 
insulin-like responses to PGF and that doses of PGF as 
low as 25 ng eq/ml significantly increased glucose me- 
tabolism and 10 ng eq/ml significantly inhibited epi- 
nephrine-induced lipolysis, yet doses of PGF up to 10 
times this amount did not stimulate lipolysis when 
compared with control. The opposite of this relation- 
ship has been observed with GH. In order to produce a 
maximal insulin-like response in sensitive adipose tis- 
sue 100 to 300 ng/ml of GH is required (21, 23), but 
the lipolytic action of GH is observed at concentrations 
as low as 1 ng/ml and maximal responses are attained 
at concentrations of 3 to 30 ng/ml of GH (10, 24). 
Furthermore, refractoriness to the insulin-like actions 
of GH added in vitro is conferred by preincubating 
tissues with GH at concentrations of 3 ng/ml, with total 
refractoriness achieved at 30 ng/ml of GH (21, 23). In 
light of these facts, it seems reasonable to suggest that 
PGF is devoid of lipolytic activity. In support of this 
hypothesis are previous reports which show that chronic 
exposure to PGF results in accelerated growth with 
dramatic increases in fat stores of normal ( 1 ,  14) and 
hypophysectomized animals ( 1 3) but does not increase 
the level of plasma free fatty acids in hypophysecto- 
mized rats ( 1  3). 

PGF specifically displaced hGH from receptors on 
adipocytes from normal rats and adipose tissue seg- 
ments which were refractory to the insulin-like actions 
of hGH showed no such insensitivity to PGF. These 
results suggest that there is no defect in the membrane 
signaling system for GH in normal adipose tissue but 
that refractoriness may be caused by some aspect of the 
GH-receptor interaction that PGF is not able to dupli- 
cate. 
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