
plasma was quite variable, but higher- 
than-normal values were encountered in 
many cases (Fig. 2). The production 
of small amounts of parathyroid hor- 
mone may be a common characteristic 
of these tumors, although clinical hyper- 
parathyroidism, with its attendant hy- 
percalcemia, hypercalciuria, and hypo- 
phosphatemia, develops only relatively 
rarely. 

In the absence of a standard prepa- 
ration of the human hormone, accurate 
values for absolute concentrations can- 
not be presented. However, based on 
the assumption that human PTH reacts 
no more strongly than bovine PTH in 

competing against bovine I131-PTH for 
antibodies to the bovine hormone, it 
can be stated that the standard plasma 
used in this study contains at least 60 

m,ug of parathyroid hormone per milli- 
liter. Plasmas used as standards can be 

stockpiled and stored frozen and can 

eventually be standardized against puri- 
fied human PTH when it becomes avail- 
able, at which time absolute values can 
be assigned to all plasmas that have 
been assayed with reference to a stand- 
ard plasma (8). 
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Lipolysis in Homogenates of Adipose 
Tissue: An Inhibitor Found in 
Fat from Obese Rats 

Abstract. The presence of a lipid- 
bound inhibitor in adipose tissue of 
rats with hypothalamic obesity may ex- 
plain the failure of the tissue to re- 
lease fatty acids on epinephrine stimula- 
tion. Aqueous extracts of tissue from 
obese animals showed no deficiency of 
lipase activity, but when whole homog- 
enates of epididymal fat from lean 
and obese animals were mixed, 25 per- 
cent tissue from obese animals re- 
duced by 73 percent the release ex- 
pected from tissue of lean controls. 

Excess fat accumulation can be in- 
duced in experimental animals by place- 
ment of bilateral electrolytic lesions in 
the ventromedial nuclei of the hypo- 
thalamus. Such lesions apparently af- 
fect appetite control; this type of 

obesity has, therefore, been termed 

regulatory obesity (1). Several metabolic 
alterations have occurred in rats so 
treated (2, 3). Prominent among these 
are a change (virtually complete within 
3 weeks of treatment) in the fatty acid 

composition of depot fat, and impair- 
ment of release of free fatty acids by 
isolated slices of epididymal fat. Im- 

pairment precedes both the change in 
tissue composition and accumulation of 
bulk fat. We have studied the mecha- 
nism of the impairment and have found 
an inhibitor of lipolysis. 

Male albino rats were prepared as 
described by Kennedy and Mitra (4). 
A control of the same age was kept 
for each animal with brain lesions. Epi- 
didymal fat tissue was taken either by 
biopsy, while the animal was under 
ether anesthesia, or after the animal 
was killed. Two assays for lipolytic ac- 

tivity were used. Assay A was similar 
to that described by Vaughan (5), in 
that the animal's own fat served both 
as substrate and as enzyme source; 
after removal from the animal, paired 
slices of fat pad weighing about 100 mg 
were incubated for 1 hour in 1.0 ml 
of Krebs-Ringer bicarbonate buffer, 
pH 7.2, containing 4 percent bovine 
serum albumin of low fatty acid con- 
tent. Epinephrine (0.5 ,g) was added 
to one of each pair of tubes, and incu- 
bation was continued for 5 minutes. 
The fat was then transferred to 2.5 ml 
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slices of fat pad weighing about 100 mg 
were incubated for 1 hour in 1.0 ml 
of Krebs-Ringer bicarbonate buffer, 
pH 7.2, containing 4 percent bovine 
serum albumin of low fatty acid con- 
tent. Epinephrine (0.5 ,g) was added 
to one of each pair of tubes, and incu- 
bation was continued for 5 minutes. 
The fat was then transferred to 2.5 ml 
of fresh medium and homogenized. One 
milliliter of homogenate was incubated 
in a tube for 1 hour at 37?C; an equal 
portion was pipetted into a second tube 
containing 10 ml of Dole extraction 

of fresh medium and homogenized. One 
milliliter of homogenate was incubated 
in a tube for 1 hour at 37?C; an equal 
portion was pipetted into a second tube 
containing 10 ml of Dole extraction 

mixture (6) but was not incubated. 
After incubation of the first tube, the 
same volume of Dole mixture was 
added and the fatty acids were isolated 
and titrated (7). The amount of fatty 
acids released during the experimental 
period was taken to be the difference 
between the amounts in the incu- 
bated tube and the tube that was not 
incubated. Release due to epinephrine 
was computed as the excess of fatty 
acid appearing during the experimental 
period in tubes containing homogenates 
of stimulated tissue. 

Assay B was designed to measure 
extractible lipolytic activity; an artificial 
substrate was used. One gram of epi- 
didymal fat was homogenized with 3 
ml of 0.01M phosphate buffer, pH 7.2. 
The fat cake was removed by a 10- 
minute centrifugation (10,000g, 3?C), 
and the aqueous fraction was then 
filtered, centrifuged, and separated from 
residual fat. The substrate was triolein 
(99 percent pure, Hormel), prepared as 
a 0.02M suspension in 10 percent gum 
arabic with an ultrasonic probe (Bran- 
son). The incubation mixture contained 
in a total volume of 2 ml: 0.3 ml of 
extract of adipose tissue, 2.0 /xmole 
of triolein, 0.1 mmole of MgCl,, 0.012 
mmole of phosphate buffer (pH 7.2), 
and 5 percent bovine serum albumin 
of low fatty acid content. Incubation 
at 37?C lasted 1 hour. The reaction 
was stopped with 10 ml of Dole ex- 
traction mixture, and 20 lg of hen- 
eicosanoic acid (a 21 carbon saturated 
acid obtained from Hormel Foundation) 
was added as an internal standard. The 
fatty acids were then isolated by alka- 
line extraction, methylated with freshly 
distilled diazomethane (8), and meas- 
ured by gas-liquid chromatography. 
Oleic acid was released during the ex- 
periment, and the quantity was taken 
as the difference between the amounts 
of methyl oleate recovered from the in- 
cubated tube and from the tube that 
was not incubated. 

In comparing five lean and five obese 
animals by assay A, we found that fat 
from lean animals released a mean of 
4.77 + 1.02 tumole of free fatty acid 
because of stimulation with epinephrine 
per gram of tissue; none was released 
from tissue of the obese animals. In 
fact, this tissue usually removed small 
amounts from the incubation system 
(Table 1). Assay B was used to deter- 
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by Lochaya et al. (9) in adipose tissue 
of genetically obese mice or whether it 
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Table 1. Release of free fatty acids from homogenates of adipose tissue. Figures for free 
fatty acid release represent the means ? standard errors of five or more separate experiments. 
All values for inhibition are calculated from the changes in free fatty acid release due to 
epinephrine. The difference between free fatty acids released from tissues of lean and obese 
animals is taken as 100 percent; values for inhibition in mixed tissue experiments and those 
with PGE, are relative to this total difference. 

Weight of fat (mg) FFA release (,umole/g per hour) 
Inhibition 

Change due to (%) Lean animal Obese animal Unstimulated epinephrine epinephrine 

Unmixed tissue 
100 4.96 ? 0.63 4.77 + 1.02 0 

100 2.29 ? 0.44 -1.08 ?- 0.70 100 

Mixed tissue 
50 50 4.08 ? 0.47 -0.98 ? 0.40 98 
75 25 4.12 ? 0.83 0.50 + 0.32 73 

Prostaglandin E/, 0.1 /ig/ml added 
100 2.19 + 0.71 0.46 ? 0.32 74 

was a characteristic of the endogenous 
substrate. Lipolytic activity extractible 
from adipose tissue of the animals with 

hypothalamic obesity was greater than 
that recovered from lean controls of the 
same age. While aqueous extracts of 
tissue from four lean animals yielded 
52.4 ?_ 11.1 m,mole of oleic acid per 
mg protein, those from tissue of four 
obese rats yielded 148.8 ? 38.6 mtumole 
of free fatty acid from the triolein sub- 
strate. Recombination of aqueous ex- 
tracts with the fat cakes from which 

they had been separated gave results 

essentially similar to those of assay A 

(Table 1). 
The presence of an adequate lipase 

in extracts of adipose tissue from treat- 
ed animals suggests that there may be a 
fat-bound inhibitor of lipolysis in the 

lipid fraction. Therefore, we used as- 

say A to study mixtures of fat from 
lean and obese animals. Before the tis- 
sue was homogenized, weighed por- 
tions of epinephrine-stimulated fat from 
a lean and an obese animal were mixed. 
The homogenate was then prepared and 
incubated (Table 1). The adipose tissue 
from obese animals had a marked in- 

hibitory effect on the epinephrine- 
stimulated release of free fatty acids 
from tissue of lean animals. Even when 

only 25 percent of the tissue mixture 
was from an obese animal, the in- 
hibitory effect was present. 

In a previous communication, we 
have emphasized the importance of de- 

pression of free fatty acid release for 
the development and maintenance of 

hypothalamic obesity in the rat (10). 
The present study gives information 
concerning the mechanism of this de- 

pression. Using the assay where adipose 
tissue acts as both enzyme source and 
substrate, it appeared that the depot 
fat of obese animals was deficient in 

lipase. When, on the other hand, lipo- 
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lytic activity was measured with an 
aqueous extract of fat tissue as enzyme 
source and purified triglyceride as sub- 
strate, adequate enzymatic activity was 
found in the tissue extract of obese ani- 
mals. This type of preparation leaves 
a large part of the lipolytic activity 
in the fat cake, but there is now no 
satisfactory method of separating the 
bulk of the enzyme from the fat. It 
is unlikely, however, that a tissue poor 
in lipase would simultaneously bind 
the enzyme weakly and thus yield ex- 
tracts with normal lipolytic activity. 
Instead, the experiments on mixtures 
suggest that the tissue of the obese 
animal contains a potent inhibitor of 

lipolysis. The inhibitor appears to be 
fat-bound since its effect disappears 
when the endogenous fat cake is re- 
moved from aqueous extracts of tissue 
and replaced with pure triglyceride. Pre- 
liminary studies substituting organic 
solvent extracts (80 percent ethanol, 
followed by petroleum ether) for the 

homogenates of tissue from obese ani- 
mals were carried out according to the 
design of Table 1. These confirmed the 
lipid nature of the inhibitor and indicat- 
ed that it is not a lipoprotein. It has 
been shown (11) that free fatty acids 
themselves are inhibitors of lipolysis. 
The measurements of free fatty acids 
in the tubes that were not incubated 
(assay A) demonstrated that the tissues 
of the obese animals studied have con- 
tained no more of these substances 
than tissues of lean controls and, there- 
fore, could not be the suppressing 
factor. 

Because the inhibitory effect of 
fat from obese animals is most 
marked on epinephrine-stimulated tis- 
sue, the suppressor could be operating 
at the level of the cyclic 3', 5'-adeno- 
sinemonophosphate activating system. 
The prostaglandins constitute a class 

of inhibitors having these properties. 
They are fat soluble, and inhibit 
epinephrine-stimulated fatty acid re- 
lease from adipose tissue (12). In addi- 
tion, material with some of the biologi- 
cal properties of prostaglandin E1 
(PGE1) has been recovered from epi- 
didymal fat pads of intact rats (13). 
Addition of PGE1 (0.1 ,g/ml) (14) 
to a homogenate of adipose tissue from 
lean animals (assay A) depressed fatty 
acid release in a manner similar to that 
seen when tissue from obese animals 
was added (Table 1). 

These studies suggest that the depres- 
sion of free fatty acid release from 
adipose tissue of rats with hypothalamic 
obesity is due to the presence of an 
inhibitor. This substance, because of 
its apparent fat solubility and effect on 
the epinephrine-sensitive lipase system, 
may be similar to one of the pros- 
taglandins. 

Study of inhibitor content of adipose 
tissue from animals with obesity re- 
sulting from force feeding, or from 
hormonal or genetic influences, will be 
necessary to determine whether its ac- 
cumulation is peculiar to the obesity 
of hypothalamic injury. It is possible 
that an unusual accumulation of in- 
hibitor substance may be a common 
feature of several forms of obesity be- 
cause depressed fatty acid release is 
not limited to the hypothalamic type 
(3). 
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