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Comparison of the triglyceride lipase of liver,

adipose tissue, and postheparin plasma

John C. LaRosa,* Robert I. Levy, Herbert G. Windmueller, and Donald S. Fredrickson
Molecular Disease Branch, National Heart and Lung Institute, Bethesda, Maryland 20014

Abstract Heparin-released triglyceride lipase from three
sources, adipose tissue, liver, and postheparin plasma, was
compared. Heparin-released triglyceride lipase from liver dif-
fered in several major respects from that in adipose tissue.
These differences included response to inhibitors and to high
deunsity lipoprotein in the incubation media. Heparin-released
triglyceride lipase from liver, when compared with that from
adipose tissue, was relatively inactive against lipoprotein sub-
strates. The triglyceride lipase from postheparin plasma ex-
hibited properties more like those of liver. These studies raise
the possibility that triglyceride lipase in postheparin plasma
may be heterogeneous and that levels of the enzyme in post-
heparin plasma may not accurately reflect the capacity for
clearance of triglyceride from the plasma.
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LIPOPROTEIN LIPASE, a triglyceride lipase present in
adipose tissue, heart, lung, and other tissues, is thought to
require lipoprotein-bound triglyceride as substrate.
Activity of the enzyme is generally considered to be es-
sential for a normal rate of clearance of triglycerides
from the plasma. It is believed that lipoprotein lipase is
active mainly in the capillary endothelium. It is not
present in plasma except transiently after administration
of heparin or similar polyanions (1) and perhaps after
dietary fat loads as well (2).

Although the TGL activity in postheparin plasma is
often considered to be identical with that of lipoprotein

Abbreviations: TGL, triglyceride lipase; HDL, high density
lipoprotein; LDL, low density lipoprotein; VLDL, very low den-
sity lipoprotein.

* Address reprint requests to Dr. LaRosa at the George Wash-
ington University Medical Center, Department of Medicine, 2150
Pennsylvania Ave., Washington, D.C. 20037.
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lipase, a number of observations have not been compatible
with this hypothesis. The TGL activity extracted from
adipose tissue, heart, and certain other tissues is com-
pletely inhibited by sodium chloride and protamine sul-
fate (1, 3). On the other hand, TGL activity in post-
heparin plasma is variably altered by these substances
(4-6). Sodium chloride appears to irreversibly inactivate
TGL extracted from rat heart (7), but the effects of
sodium chloride and protamine on TGL in plasma are
reversible and are dependent on the manner in which the
substrate is prepared (4).

Total TGL activity in postheparin plasma also does
not always correlate well with plasma triglyceride con-
centrations. In at least one patient who phenotypically
represents type I hyperlipoproteinemia (8) and who is
therefore presumably deficient in lipoprotein lipase,
postheparin TGL activity has been normal when mea-
sured by a conventional assay (5). Conversely, subjects
receiving estrogens may have activity well below normal
yet have normal plasma triglyceride concentrations (9).

Experiments undertaken to determine possible hetero-
geneity in TGL activity are described in this report.
They indicate that heparin releases or activates from
liver a TGL activity that has different properties from
the TGL obtained from adipose and other tissues. Post-
heparin plasma contains TGL activity with properties
that resemble most closely those of the TGL from liver.

MATERIALS AND METHODS

Standard triglyceride lipase assay

The standard assay was carried out by a modification
of a previously described system (6). Substrates were pre-
pared by first adding 14 nmoles of [1-1C]trioleate (5.5 X
10% dpm, Nuclear-Chicago) in benzene to a 20-ml count-
ing vial. Benzene was removed under nitrogen. 0.01 M
Tris—HCI buffer, pH 8.6, in 0.15 M NaCl (referred to as
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TABLE 1. Ingredients of TGL assay systerns

A
14 nmoles [“C]ltriolein in benzene

benzene evaporated

6.0 ml standard buffer

0.2ml 1% albumin

0.1 ml 1:100 Triton X-100
sonication

3.0-ml aliquot

—

3.0-ml aliquot

+
0.15 ml human or rat postheparin plasma or
rat liver perfusate

B
14 nmoles [“C]triolein in benzene

benzene evaporated

6.0 ml standard buffer
0.2 ml 19 albumin
0.1 ml 1:100 Triton X-100
0.1 ml heparin solution, 100 units/ml
0.2 ml preheparin plasma®
sonication

N

3.0-ml aliquot 3.0-ml aliquot

+
0.5 ml NH;OH-NH,CI or Krebs-Ringer
extract
@ plasma triglyceride = 80 mg/100
ml; plasma HDL = 50 mg cholesterol/
100 ml (approx 1.25 mg protein/ml)

C

14 nmoles [¥C]triolein in benzene
125 nmoles unlabeled triolein

benzene evaporated

6.0 ml standard buffer
0.2ml 19%, albumin
0.1 ml 1:100 Triton X-100
0.1 ml heparin solution, 100 units/ml
0.4 ml varying amts of HDL
solution (20 mg HDL protein/ml) or
standard buffer (see Fig. 5)
sonication
N

3.0-ml aliquot 3.0-ml aliquot

—

+
0.15 ml rat liver perfusate or 0.5 ml
NH OH-NH,CI tissue extract

D

1.0 ml 1:10 dilution® of Ediol

2.0 ml 209% albuminin 0.1 M NH,SO4, pH 8.4
0.5 ml heparin solution, 100 units/ml

1.0 m! preheparin plasma

1.0 ml NH,OH-NH.CI tissue extract

E

3.0ml 0.1 » NH,OH-NH,C! buffer
containing 0.3 ml 109}, Intra-
lipid®

0.5 ml heparin solution, 100 units/ml

1.0 m! preheparin plasma

F

1.0 ml VLDL or chylomicron prepa-
ration?

1.0 ml 209, albumin

0.5 ml heparin solution, 100 units/ml

2.0 ml NHOH-NH,C(I tissue extract

1.0 mI NH,OH-NH,CI tissue extract

b containing 5 mg of triglyceride/ml

¢ containing 10 mg of triglyceride/ml

4 containing 250 mg of triglyceride/ml

standard buffer), a 19, albumin solution, and a 1:100
dilution of Triton X-100 solution were mixed in the
counting vial in the proportions summarized in Table
1, A. This mixture was sonicated for 1 min with a Bran-
son Sonifier, and 3.0 ml was pipetted into each of two
duplicate counting vials. To each vial was added 0.15
ml of postheparin plasma or liver perfusate, which served
as a source of enzyme, unlabeled triglyceride, and HDL
cofactor.

Unless otherwise stated, all incubations were carried
out in a Dubnoff shaking water bath at 27°C for 1 hr.
In some experiments, aliquots were removed at 15-20-
min intervals for determination of “C-labeled or total
fatty acids.

After incubation, fatty acids were extracted from 1.0
ml of the incubate by the method of Dole and Meinertz
(10) and isolated on ion-exchange resin by the method
of Kelley (11). All results were calculated in terms of
nmoles of labeled fatty acid liberated per milliliter of
enzyme source per hour. With this assay system, plasma
enzyme activity has been demonstrated to increase
linearly with time, as shown by Greten, Levy, and Fred-
rickson (6). Under similar conditions of assay (described
below), enzyme activity proceeded linearly when liver
extracts or perfusates or adipose tissue and heart extracts
were used as enzyme source. Although concentrations
of substrate were suboptimal, the assay method was
suitable for comparative studies of the effects of inhibitors
of enzyme activity. In addition, enzyme activity in-

creased in a linear fashion when enzyme concentration
was increased over the range used in these experiments.’

Modifications of the standard TGL assay

In some experiments, the assay system was modified to
differentiate between TGL activities.

Ionic strength was varied by diluting 0.01 M Tris—-HCI,
pH 8.6, with 0.01 M Tris-HCI (pH 8.6) in 5M NaCl to a
total volume of 6.0 ml and substituting this for standard
buffer (see Table 1, A and B). Protamine sulfate was
added by mixing 0.6 ml of 0.1 M Tris—HCI, pH 8.6, con-
taining 0.15 M NaCl and 3.0 mg/ml of protamine sulfate,
with 5.4 ml of standard buffer. The final concentration
of protamine sulfate was 300 pg/ml. Sodium pyrophos-
phate was added to a final concentration of 10 nmoles/
ml by addition of 0.6 ml of 0.1 mm sodium pyrophos-
phate (in 0.01 M Tris, 0.15 m NaCl) to 5.4 ml of standard
buffer. In some studies, the pH of the standard buffer
was adjusted with either NaOH or HCI (and these solu-
tions were then substituted for the standard buffer).

In experiments in which NH,OH-NH,CI extracts of
acetone~ether powders or Krebs-Ringer extracts were
used as enzyme sources (see below), sodium heparin and
preheparin plasma were added before sonication (Table
1, B). When HDL was evaluated for its ability to en-
hance enzyme activity, unlabeled triolein (Hormel

! LaRosa, J. C. Unpublished observations.
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Institute) and different amounts of HDL were added in
place of preheparin plasma (Table 1, C).

Substrates other than [“C]triolein were used in some
experiments to assay tissue extracts. These included
artificial triglyceride emulsions and lipoproteins. The
former were either Ediol (Riker Laboratories, North-
ridge, Calif.) or Intralipid (109, Vitrum, Stockholm,
Sweden). In a modification of a previously reported
assay system (5), Ediol was incubated with albumin,
heparin, preheparin plasma (added as a source of HDL
cofactor), and tissue extracts (Table 1, D). Intralipid
was prepared in 0.1 M NH;OH-NH,CI buffer containing
109, albumin, as described by Boberg and Carlson (12},
and incubated with heparin, preheparin plasma, and
tissue extracts (Table 1, E).

Chylomicrons were prepared (13) from the plasma of
two patients with type I hyperlipoproteinemia who were
eating ad lib. VLDL were obtained (14) from a patient
with type IV hyperlipoproteinemia whose diet for the
preceding week had contained only 5 g of fat per day.
Triglycerides were determined by the method of Kessler
and Lederer (15). The lipoproteins were incubated with
heparin, albumin, and tissue extract (Table 1, F). In-
crements in fatty acid concentration were determined by
the method of Dole and Meinertz (10).

Sources of enzyme activity

Postheparin plasma. Human postheparin plasma was
collected from normal subjects 10 min after intravenous
administration of sodium heparin, 10 units/kg of body
weight. The blood was placed in tubes containing hep-
arin (1 unit/ml) as anticoagulant (5). Rat plasma was
obtained from NIH Osborne-Mendel rats (250-300 g)
maintained on standard chow ad lib. The rats were
anesthetized with ether and given 100 units of heparin
in a femoral vein. 10 min after injection, the animals
were killed by exsanguination from the aorta; the blood
samples were immediately centrifuged at 4°C, and the
plasma was decanted. Plasma samples were then either
stored at —20°C or used immediately (see Table 1, 4).

Tissue triglyceride lipases. TGL activity was obtained
from rat tissues by four different methods.

Acetone—ether powders of heart, lung, kidney, spleen,
liver, adipose tissue, and intestine were prepared as pre-
viously described (6). They were either stored in vacuo
at 4°C for up to 72 hr or were used immediately. 5 mg
of powder was homogenized in 1.0 ml of 0.025 M
NH.,OH-NH,CI, pH 8.6, in a Potter-Elvehjem homog-
enizer for 2—-4 min at 4°C. The suspension was centri-
fuged, and aliquots of the supernatant layer were used
as enzyme source (see Table 1, B—F).

Adipose tissue was also extracted directly by homog-
enizing 20 g (wet wt) of tissue in 20 ml of the NH,OH-
NH,Cl buffer for 5 min in a Sorvall Omni-Mixer at 0°C.
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The suspension was centrifuged, the fat layer was re-
moved from the top of the tube, and aliquots of the in-
franatant layer were used as enzyme source (Table 1, B).

Rat epididymal fat pads or liver slices were placed in
Krebs-Ringer phosphate buffer, 100 mg wet wt of
tissue/ml, and incubated at 37°C. The buffer contained
sodium heparin, 0.2 unit/ml; it was previously deter-
mined that this increased the yield of lipase 3—4-fold.
The incubation medium was decanted at the end of 1 hr,
and aliquots were used as a source of enzyme. In these
assays, additional heparin was not added to the medium
(Table 1, B).

Lipase was also obtained in heparin-containing per-
fusates of rat liver (16). The donor rats were males
weighing approximately 300 g; they had been fed stan-
dard chow ad lib. The perfusate was from rat blood,
which was immediately defibrinated by stirring with a
glass rod, cooled to 4°C, and diluted with an equal
volume of Krebs-Ringer bicarbonate buffer containing
39, bovine serum albumin (fraction V) and 0.19, glucose
and adjusted to pH 7.4 with NayCOj; The mixture
(hematocrit of 229%;) was filtered through a column of
glass wool. It was then warmed to 37°C, and a 110-ml
portion was trarsferred to each oxygenator-reservoir
of the perfusion apparatus where it was continuously
gassed with a humidified O-CO, mixture (95:5, v/v).
The livers were perfused at a constant rate of 20.4 ml/
min. For the first 90 sec of perfusion, effluent from the
livers was collected and discarded. Thereafter, the per-
fusate was recycled back to the oxygenator-reservoir.
The recycling volume was therefore 80 ml. The perfasate
was sampled (10 ml) 30 min after the start of perfusion.
Then, 1 ml of 0.99, NaCl containirg 10,000 units of
heparin sodium was added to the perfusate reservoir.
In control perfusions, the NaCl solutions contained no
heparin. The perfusion was continued for 30 additional
min, and then the perfusate was sampled again. Perfusate
samples were immediately chilled in ice and centrifuged
to remove the cells. The plasma was virtually free of
hemoglobin, and 0.15-ml samples were assayed for lipase
activity. The livers maintained a normal appearance
throughout the period of perfusion.

Mixing of adipose tissue and plasma

Equal volumes of an NH,OH-NH,Cl extract of
acetone—ether powder from rat adipose tissue and either
pre- or postheparin rat plasma were incubated for 30
min at 4°C, and 0.3-ml aliquots of this mixture were
used as enzyme (see Table 1, B).

Preincubation with NaCl

In certain experiments, enzyme extracts were in-
cubated with NaCl before assay. The NH,OH-NH,CI
extracts of acetone—ether powder of liver and adipose
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tissue were mixed with an equal volume of a solution con-
taining 2 M NaCl in 0.01 » Tris-HCl, pH 8.6, and shaken
gently at 4°C for 30 min. 0.5 ml was added to substrate
prepared in 0.01 M Tris (Table 1, B). The final concentra-
tion of NaCl was approximately 0.15 M.

Plasma or liver perfusate samples were similarly in-
cubated with an equal volume of the NaCl solution.
0.15 ml of the mixture was added to substrate prepared
in the standard buffer (Table 1, 4) such that the final
salt concentration was approximately 0.2 M NaCl.

Preparation of HDL

Plasma HDL (d 1.063-1.21) was obtained as pre-
viously reported (14) from three normal subjects. The
preparations were examined immunochemically with
appropriate antisera (17) for the presence of albumin,
LDL, and other plasma protein contaminants. Except
for trace amounts of LDL in some preparations, they
appeared to be pure. HDL protein determinations were
performed by the method of Lowry et al. (18).

Preheparin plasma. 'T'wo units of plasma were obtained
in standard citrate blood packs (Fenwall Laboratories,
Morton Grove, Ill.) from a normal female donor who
had fasted overnight. Triglyceride levels were 80 mg/
100 ml and HDL (expressed as a-lipoprotein cholesterol
[8]) was 50 mg/100 ml. The plasma was kept frozen in
small aliquots for use as a source of unlabeled triglyceride
and HDL cofactor. The same plasma was used in all
experiments-calling for preheparin plasma (see Table 1).
No TGL activity was detected in this plasma.

RESULTS

Effects of inhibitors on TGL from different sources

TGL activity from postheparin plasma, adipose tissue,
and liver was compared with respect to the influence of
three inhibitors of lipoprotein lipase: NaCl, protamine
sulfate, and pyrophosphate.

Postheparin plasma. TGL activity in human and rat
postheparin plasma differed considerably in its response
to these inhibitors. The effect of increasing ionic strength
by increments in NaCl added to the incubation mixture
is illustrated in Fig. 1. Data from plasma samples taken
from nine normal human subjects are presented as well
as those from plasma samples from two rats. Two peaks
of TGL activity were obtained when ionic strength was
changed (conductivity from approximately 0 to 100
mmbhos). The initial peak was obtained at approximately
9 mmbhos (0.15 m NaCl). The activity in both human and
rat samples was 409, less at 25 mmhos (0.5 M NaCl),
and again increased at 45-75 mmbhos (1.0-2.0 M NaCl).

The effect of adding protamine sulfate or pyrophos-
phate is also illustrated in Fig. 1. Data from five human

200 r R

Human postheparin plasma

PERCENT TGL ACTIVITY AT 0.15 M NaCl

O 1 1 L L 1 1 1 L 1
Protamine Sodwm
Pyrophosphate
Rot #2
Rot#1 Rat#1
100 -
Rat ¥2 r
Rat postheparin plasma
0 1 1 1 ul L 1 L ] 1
0 10 20 30 40 50 60 70 80 90 100 Protamine Protamine‘
CONDUCTIVITY iN MILLIMHOS

Pyrophosph Pyroshosph

Il 1 J

0 0I5 05 30

10 20
MOLARITY OF NaCl

Fic. 1. Effect of inhibitors on plasma postheparin TGL. On the
left, the effect of increasing ionic strength is depicted. Data from
the postheparin plasma of nine normal human subjects (mean =+
sp) and of two rats are shown. On the right, the effects of prot-
amine (300 upg/ml) and pyrophosphate (10 nmoles/ml) on the
same plasma samples are shown. The data represent five human
subjects (means and sp) and two rats. For ease of comparison and
because absolute levels of TGL varied markedly, results are plotted
as percentage of activity in 0.15 M NaCl (conductivity = 9 mmbhos).

plasma samples are represented; no appreciable inhibi-
tion by protamine or pyrophosphate was observed.
Activity in plasma from both rats was decreased by the
addition of pyrophosphate. All of these incubations were
carried out at constant ionic strength in 0.15 M NaCl.
Postheparin samples that were not inhibited by the con-
centrations of protamine or pyrophosphate shown in Fig.
1 also were not inhibited when these concentrations were
increased tenfold.

Postheparin plasma was also extracted with petroleum
ether—diethyl ether 9:1 (6) in a manner similar to that
used to obtain lipid-free enzyme from adipose tissue.
The extracted residue contained approximately 509,
of the TGL activity of the starting plasma; the response
of this activity to changing ionic strength or to addition of
protamine or pyrophosphate was similar to that of un-
extracted plasma.

Adipose tissue TGL. TGL activity in adipose tissue
was reproducibly decreased when either NaCl, prot-
amine, or pyrophosphate was added to the incubation.
In Fig. 2 are shown the activities obtained in NaCl at
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Fic. 2. Effect of inhibitors on adipose tissue TGL. For purposes
of comparison, all data are expressed as percentage of activity at
0.15 M NaCl (9 mmbhos).

various ionic strengths. Essentially the same results were
obtained with enzyme activity derived from five different
acetone—ecther powders as well as two obtained by extrac-
tion with NH,OH-NH,CI and two obtained by incuba-
tion of adipose tissue in Krebs-Ringer-heparin solution,
Only one maximum of activity appeared, at 9 mmhos
(0.15 M NaCl). At a conductivity of 45 mmhos (1.0 M
NaCl), activity was only 109, of the maximum and de-
clined further with increasing ionic strengths.

Each of the enzyme preparations obtained by acetone-
ether or NH,OH-NH,Cl extraction was inhibited more
than 909, by either protamine (300 ug/ml) or pyro-
phosphate (10 nmoles/ml). The enzyme extracted in
Krebs-Ringer phosphate buffer was inhibited approxi-
mately 70%.

TGL from rat liver and other tissues. In Fig. 3 are il-
lustrated the effects of inhibitors on TGL obtained from
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0 10 20 30 40 5 60 70 80 90 100 Protemine  Pyrophasphate
CONDUCTIVITY IN MILLIMHOS 300 pg/ml 10 nMoles/mi

Fic. 3. Effect of inhibitors on rat liver TGL. All data are pre-
sented as the percentage of activity obtained at 0.15 m NaCl (9
mmbhos). :
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rat liver by perfusion, by incubation of the whole tissue
in Krebs-Ringer phosphate, or by acetone—ether extrac-
tion. Two liver perfusates and several of each of the other
preparations were tested; the results were qualitatively
the same. Liver TGL activity responded similarly to
postheparin plasma. There was a bimodal curve of
activity as ionic strength was increased. There also was
no convincing inhibition by either protamine or pyro-
phosphate. Lipase activity from other rat tissues was
also examined. Rat heart, lung, kidney, spleen, and
intestine all contained heparin-extractable TGL activity
with properties identical with those of adipose tissue
triglyceride lipase (Fig. 4). Two rat livers that were
perfused without heparin released essentially no TGL
activity, but substantial activity was released from livers
perfused with heparin.

Further comparisons of TGL from adipose
tissue and liver

Effect of HDL. One of the most important criteria
employed for the identification of lipoprotein lipase
has been the requirement for HDL as a cofactor (7).
In two experiments, adipose tissue TGL activity was
markedly enhanced by the presence of HDL in the in-
cubation media (Fig. 5). Activity progressively increased
with each increment of HDL. The final HDL concentra-
tion tested was roughly half that in normal human
plasma. TGL activity from liver, on the other hand, was
inhibited by increasing the quantity of HDL in the
medium (Fig. 5).

Hydrolysis of different triglyceride substrates. In one
experiment, acetone—ether powders of liver and adipose
tissue TGL having equivalent activity against [4C]-
triolein were incubated with four:other substrates. The

o—o Liver O iwer
140 =0 Kidney B3 Kidney
130 o0 Hear! E3 Hear!
120 o0 Lung

&< Spleen

1o o -0 /nfestine

PERCENT TGL ACTVITY AT 0.5M NaCl

1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90100 Protamine  Pyrophosphate
CONDUCTIVITY IN MILLIMHOS 300 pg/ml 10 hMoles/ml

Fic. 4. Effect of inhibitors’on TGL from six different rat tissues.
All data are prescntcd!as’the percentage of activity at 0.15 M
NaCl.
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Fic. 5. Effect of HDL on lipase activity in adipose tissue and
liver. The incubation mixture contained no plasma. Adipose
tissue activity was obtained from extracts of acetone—ether pow-
ders; rat liver TGL was obtained from both acetone-ether powders
of whole rat liver and a heparin perfusion of rat liver. FA = fatty
acid.

preparations were equally active against the artificial
substrates, Intralipid and Ediol. Only adipose tissue
TGL promoted significantly the hydrolysis of triglyc-
erides in chylomicrons or VLDL (Fig, 6). wd

Preincubation with NaCl. Preincubation of adipose
tissue with NaCl inhibited lipase activity as effectively
as the addition of NaCl to the assay medium. The TGL
activities in liver or postheparin plasma, however, were
not inhibited by NaCl (Fig. 7). Results obtained with
liver perfusate are shown. Similar data were obtained
with NH,;OH-NH,CI and Krebs-Ringer extracts of rat

liver.
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Fic. 6. Relative hydrolysis of different substrates by adipose
tissue and liver. On the left are depicted hydrolysis rates of the
same acetone—ether extractions of adipose tissue and liver against
[“Cltriolein, Ediol, and Intralipid. On the right, the results of
incubation with chylomicrons and VLDL are shown. FA = fatty
acid.
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Fic. 7. TGL activity after preincubation of postheparin plasma,
liver perfusate, and adipose tissue extracts with NaCl. Only
adipose tissue is significantly altered by preincubation with NaCl.
FA = fatty acid.
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Fie. 8. Mixing of adipose tissue and pre- and postheparin
plasma. For comparison, data are presented as percentage o
control. The conductivity of the medium was identical in the con-
trol, protamine, and pyrophosphate incubations.

Liver TGL activity was completely inactivated by
incubation at 37°C for 75 min. This is comparable to
TGL activity in both postheparin plasma and adipose
tissue.

Mixing of adipose tissue and plasma. The properties of
adipose tissue and TGL in postheparin plasma were not
altered by the mixing experiment shown in Fig. 8. There
appears to be no transferable factor in plasma or adipose
tissue which alters the properties of TGL from either.
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DISCUSSION

These studies confirm and considerably extend earlier
observations that the properties of TGL activity in
adipose tissue and postheparin plasma are not identical
(4, 5). Adipose tissue TGL activity is completely in-
hibited by NaCl, sodium pyrophosphate, and protamine
added to the incubation mixture, and by preincubation
in solutions of high ionic strength. Plasma TGL activity
is not completely inhibited and may be enhanced under
these same conditions. In its response to alterations in
ionic strength and to other inhibitors, TGL activity in
postheparin plasma resembles TGL activity present in
liver. Other workers have detected triglyceride lipase
activity in liver (19-25). Whether this activity is identical
with that of lipoprotein lipase remains conjectural.
Some investigators (7, 21-23) have observed up to 50%,
inhibition of hepatic lipase with 1 M NaCl or protamine
sulfate. Spitzer and Spitzer (24), on the other hand,
have reported enhancement of lipase activity from rat
liver perfusions in the presence of protamine. The present
experiments have further defined the effect of NaCl on
liver TGL activity with the demonstration of enhance-
ment of activity at higher ionic strengths. Other differ-
ences between hepatic lipase and tissue “lipoprotein
lipase” have also been demonstrated. HDL, which
activates adipose tissue TGL, has been found to inhibit
liver TGL activity. Liver TGL, moreover, has been
shown to be ineffective in catalyzing hydrolysis of tri-
glycerides in lipoproteins as opposed to those in artificial
emulsions. During the course of our work, experiments
by Hamilton (25) were brought to our attention. He also
found that heparin perfusates of dog liver catalyzed the
hydrolysis of artificial triglyceride emulsions but not of
chylomicrons. This TGL activity was resistant to prot-
amine.

It might be inferred from the present experiments that
postheparin plasma contains no TGL with the properties
of the adipose tissue enzyme. There are data, however,
that suggest that heparin causes release of TGL activity
into plasma from heart and adipose tissue (26) as well as
from the liver. Moreover, by adding large amounts of
HDL to the incubation mixture, one can demonstrate
that some of the TGL present in postheparin plasma
undergoes alteration in its properties. Its activity at low
ionic strengths increases, and it becomes more susceptible
to inhibition by high ionic strengths, protamine sulfate,
or sodium pyrophosphate. These findings have been
reported in preliminary form (27).

Other workers have concluded that there are no differ-
ences between TGL activity in adipose tissue and in post-
heparin plasma. Boberg and Carlson (12), using Intra-
lipid as substrate, have found TGL activity in post-
heparin plasma to be reproducibly and completely
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inhibited by salt. Datta and Wiggins (4) have observed
that the activity in postheparin plasma is inhibited more
by salt when the assay employs triglyceride emulsions
stabilized with lecithin, such as Intralipid, than when
the substrate is an emulsion prepared by sonication and
stabilized by nonionic detergents, as was the triolein
used in our studies. As originally suggested by Korn (7),
differences in responses of lipases to salt that are related
to the substrate or other assay conditions per se might be
circumvented by preincubating the enzyme in a solution
of high ionic strength and then performing the assay at
physiological ionic strength. Korn (7) found that TGL
activity in rat heart is inactivated whether it is pre-
incubated with salt or assayed with salt in the media.
We have shown this to be true of adipose tissue TGL and
have observed that TGL in postheparin plasma and rat
liver perfusates are not inhibited under either condition.

A more intriguing and unresolved question is whether
these and similar studies are concerned with more than
one triglyceride lipase or a single enzyme whose proper-
ties are variably altered by methods of assay and prepara-
tion and other possible factors. Some crude attempts
have been made to determine whether methods of
preparation might induce different properties to TGL
activity obtained from different sources. Extraction of
adipose tissue or liver by acetone—ether or of plasma by
petroleum ether—diethyl ether (6) does not alter the
effects of inhibitors on the TGL activity obtained. The
cross-incubation experiments described in Fig. 8 also
indicated that no readily transferable factors in plasma
or adipose tissue can influence the properties of the TGL
activity regularly found in these tissues. These experi-
ments, of course, do not exclude transformation of the
same enzyme to different forms either within tissues or
upon extraction. Such transformations could conceivably
be related, for example, to the availability of heparin or
other polyanions. Mayes and Felts (28), for example,
have reported that TGL in rat liver homogenates were
more sensitive to the inhibitory action of sodium chloride
when additional heparin was added to the assay system.
Nevertheless, these studies raise the possibility that TGL
in postheparin plasma may be heterogeneous and that
its measurement may not accurately reflect the capacity
for removal of triglyceride from the plasma.
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