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Journal of Clinical Investigation
Vol. 44, No. 5, 1965

The Liver and Postheparin Plasma Lipolytic Activity in
Dog and Man *

ROBERTE. CONDON,t HILLEL TOBIASt AND DHARAMV. DATTA§
(From the Medical Unit, Royal Free Hospital, London, England)

The intravascular injection of heparin results
in the rapid appearance in the blood of a lipolytic
enzyme capable of clearing lipemic sera and hy-
drolyzing artificial triglyceride emulsions (1, 2).
This enzyme has been termed clearing factor (3),
lipoprotein lipase (4), clearing factor lipase (2),
or postheparin plasma lipolytic activity (PHLA)
(5). A lipolytic enzyme with characteristics
nearly identical to those of PHLAhas been identi-
fied in relatively high concentration in tissue ex-
tracts of heart (4), adipose tissue (6), and
mammary gland (7, 8). Lower concentrations
of this lipolytic enzyme have been found in tissue
extracts of thoracic and abdominal viscera, in-
cluding the liver (3, 4, 9).

Release of PHLA from tissue sources into the
circulation has been demonstrated in perfusion
studies of limbs and abdominothoracic viscera (3,
10, 11). However, perfusion of the isolated rat
liver with heparinized blood has been reported
by several observers (10, 12-14) to result in net
loss of PHLA and no release of lipolytic activity
by the liver. Boberg, Carlson, and Normell (15),
on the other hand, have reported recently in an
abstract that the isolated perfused canine liver
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is capable of producing lipolytic activity in re-
sponse to heparin. LeQuire, Hamilton, Adams,
and Merrill (16) also found increases in lipolytic
activity of blood drawn from the inferior vena
cava after injection of heparin into the portal
vein. The relative importance in intact animals
of various tissues as sources of PHLA has not
been clearly established.

Studies in man have shown a decrease in the
efficiency of hepatic removal of lipolytic activity
in patients with cirrhosis (17). This has been
confirmed in animals subjected either to carbon
tetrachloride induced necrosis or to functional
hepatectomy (17-19). Thus it would appear that
the maximal levels of PHLA should be higher
or the same in cirrhotic patients as compared with
normal controls. However, when PHLA was
determined by improved assay techniques, signifi-
cantly lower levels of lipolytic activity were found
in cirrhotic patients than in normal subjects (19-
21).

A possible explanation for the finding of lower
levels of PHLA in cirrhotic patients lies in the
hypothesis that the liver serves as an important
source of PHLA in the normal individual, and
this source is compromised in patients with cir-
rhosis. In this investigation of the effect of hep-
arin injection on hepatic venous PHLA in in-
tact dogs and man, we have shown that the liver
can release PHLA in animals and man and that
the liver may be an important source of this
enzyme.

Methods

Four groups of healthy mongrel dogs were used (Table
I). Heparin was injected into the portal vein in ani-
mals with an intact liver (protocol A) and at a com-
parable site after total hepatectomy (protocol B). The
effect of heparin injected into the peripheral circulation
was studied in animals with an intact liver (protocols
C and D), and also in an animal after hepatectomy (pro-
tocol E).
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Two patients were studied during the course of clini-
cally indicated hepatic vein catheterizations.

Patient A.B. was a 52-year-old white man, who had
histologically confirmed postnecrotic cirrhosis and who
appeared very fit on clinical examination. A hard liver
was palpable approximately 5 cm below the xiphoid in
the epigastrium. The spleen was very firm and palpable
6 cm below the left costal margin. No ascites, hepatic
fetor, or asterixis was detected. Esophageal varices
were revealed radiographically by barium swallow, and
an extensive portosystemic collateral circulation was dem-
onstrated by splenic venogram. The intrasplenic pressure
was 25 mmHg and the wedged hepatic vein pressure
35 mmHg. Laboratory studies showed a hematocrit
of 47, serum total bilirubin 0.7 mg per 100 ml, albumin
3.3 g per 100 ml, alkaline phosphatase 11 King-Armstrong
units per 100 ml, aspartate transaminase 21 international
units per L, and prothrombin time 13 seconds (control
12 seconds).

Patient R.B. was a 40-year-old white man, who had
histologically confirmed postnecrotic cirrhosis. An end
to side portacaval shunt, which was functioning at the
time of our study, had been constructed 6 years previously.
He appeared chronically ill, was jaundiced, and had a
small amount of ascites. Laboratory investigations
showed a hematocrit of 31, serum total bilirubin 7.7 mg
per 100 ml, albumin 1.6 mg per 100 ml, alkaline phos-
phatase 27 King-Armstrong U per 100 ml, aspartate
transaminase 47 IU per L, and prothrombin time 18
seconds (control 14 seconds).

Preparation of animals. Dogs maintained on a normal
kennel diet and weighing 12 to 28 kg were fasted for 12
to 15 hours and lightly anesthetized with intravenous
pentobarbital. Anesthesia was then maintained with
equal volumes of nitrous oxide and oxygen through a
cuffed endotracheal tube. All operations were carried
out with aseptic precautions through a mid-line thoraco-
abdominal incision. Catheters were placed into the
main left hepatic vein via the right jugular vein, into
the portal vein via a distal ileal vein, and into the vena
cava and abdominal aorta below the renal vessels via the
right femoral vein and artery. All catheters were kept
patent with a slow infusion of 0.9% (wt/vol) sodium
chloride. The location of the tip of each catheter was
confirmed by palpation before any blood samples were
taken and further confirmed by dissection at the conclu-
sion of the experiment. In those animals subjected to
hepatectomy, a preliminary end to side portacaval shunt
was constructed and the liver then totally excised.

Injection of heparin. After drawing base-line speci-
mens, sodium heparin,' 10 U (0.1 mg) per kg body
weight was injected into the designated blood vessel
(Table I). Injections into the femoral artery (pro-
tocols D and E) were made through an additional catheter
that had been introduced percutaneously (22) into the
vessel for a short distance in a distal direction without
interfering with blood flow to the limb. During injec-
tion of heparin, the femoral artery was temporarily oc-

1Boots Pure Drug Company Ltd., London, England.

TABLE I

Outline of animal experiments

Site of heparin No. of
Protocol Liver status injection animals

A Intact Portal vein in the 6
hilum

B Hepatectomized Supradiaphragmatic 4
inferior vena cava

C Intact Abdominal aorta be-
low renal vessels

D Intact Femoral artery 4
E Hepatectomized Femoral artery I

cluded proximal to the site of injection. The beginning
of the heparin injection was taken as zero time, and in-
jection was completed within two seconds in all ex-
periments.

Circulation time. In two animal experiments, human
serum albumin labeled with 10 tc I' 2 in a volume of 1
ml was mixed with the heparin to be injected. Portions
of the aortic blood samples that were drawn subsequently
were assayed for radioactivity in a sodium iodide crystal
well-type scintillation counter to determine the circula-
tion time to the aorta from the point of injection.

Handling of blood samples. Blood within the catheter
"dead space" was aspirated and discarded just before
withdrawal of each specimen. Five-ml specimens of
blood were withdrawn simultaneously from each of the
catheters into siliconized syringes. The samples were
immediately transferred to cold plastic tubes containing
15 U of heparin and placed in ice. The blood samples
were spun for 15 minutes at 3,000 rpm in a refrigerated
centrifuge at 00 C, and the plasma was separated. Plasma
was either assayed immediately or frozen for subsequent
estimation of lipolytic activity. Freezing of plasma and
storage for periods of up to 68 days does not affect
measurement of PHLA (21).

Assay for lipolytic activity. All estimations were done
in duplicate by a method described previously using 0.2
ml of plasma (20). The lipolytic activity of each speci-
men was expressed as the mean microequivalents of free
fatty acids (FFA) released per hour of incubation per
milliliter of plasma. The substrate consisted of 30%o
coconut oil emulsion stabilized with 1% polysorbate 60
and 1.5% glycerol monostearate. In this system of lipoly-
sis, zero-order enzyme kinetics could be observed for
120 minutes (21).

Characterization of lipolytic activity. The PHLA of
hepatic vein blood obtained from an intact dog within 5
seconds of heparin injection into portal vein, and before
the appearance of lipolytic activity elsewhere in the vas-
cular tree, was studied with regard to its ability to act
on chylomicrons and lipoproteins. Postheparin plasma
obtained from the hind limbs of another intact animal
on first circulation after femoral artery injection was
also studied in this manner.

2The Radiochemical Center, Amersham, England.
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Chylomicrons were obtained from a donor dog by thor-
acic duct cannulation after oral administration of corn

oil. Low density lipoproteins were obtained from the
donor dog plasma. Chylomicrons and low density lipo-
proteins were separated according to the method of
Korn (23). Free fatty acid release induced by post-
heparin plasma from the hepatic vein was determined
using 5 mg each of chylomicrons and lipoproteins, in
separate experiments. Final volume of assay system was

1.5 ml. FFA release after 1 hour was measured.
Clearing activity was also studied by measuring changes

in optical density of coconut oil emulsion at 570 A using
the method of Korn (23). 4.5 ml of postheparin plasma
was incubated with 0.3 ml of 2% coconut oil emulsion
for 1 hour at 37°. The effect of 1.0 MNaCl on lipolysis
and clearing was also determined.

Inhibitor evaluation. The possibility that demonstra-
tion of lower PHLA in hepatectomized dogs might be
due to accumulation of a plasma inhibitor normally re-

moved by the liver was investigated. Preheparin plasma

of a hepatectomized dog was mixed with postheparin
plasma of a dog with intact liver, and FFA release was

measured. Final volume of the assay system was kept
constant using Tris buffer.

Studies in man. The patients were fasted for 12 to 14
hours and received 200 mg secobarbital 2 hours before
study. A right hepatic vein was catheterized with a no.

9 Cournand catheter introduced via the basilic vein under
fluoroscopic control and patency maintained by a slow
infusion of 0.9% (wt/vol) sodium chloride. Arterial
blood was obtained from an indwelling polyethylene cath-
eter introduced percutaneously via the femoral artery
(22). Heparin was injected into the femoral vein in one

patient (A.B.) and into the aorta above the celiac axis
in the other patient (R.B.). Dosage of heparin and
handling and assay of blood samples were identical with
the techniques employed in the animal experiments.

The differences between means were analyzed by t test
using paired comparisons when applicable (24).

TABLE II

Postheparin plasma lipolytic activity (PHLA) (mean microequivalents FFA per hour per milliliter plasma)
after portal vein heparin injection in intact dogs (protocol A)

Vessel Exp. Base
sampled no. line 5 sec 15 sec 30 sec 1 min 2 min 7 min 10 min 20 min 30 min 45 min

Hepatic 1 0.43 9.26 12.53 16.92 9.64 6.95 2.71 1.38
vein 2 0.42 12.72 23.00 11.65 9.90 7.70 5.70 4.70 2.84 1.50 0.65

3 17.30 3.10
4 0.29 2.12 11.29 4.55 3.00 1.50 0.38 0.15
5 0.38 10.90 9.29 5.66 4.79 4.66 3.18 3.37 0.85 0.43 0.21
6 0.27 11.21 9.40 4.80 2.59 1.62 1.51 0.75 0.56 0.32

Mean 0.36 8.38 13.46 12.19 6.50 6.15 3.76 3.91 1.96 0.85 0.33
SE 0.33 2.28 2.44 2.23 1.70 1.51 0.88 0.92 0.43 0.24 0.11

Abdominal 1 0.21 0.24 3.85 9.47 9.04 8.87 4.29 1.98
aorta 2 0.45 0.37 4.75 7.02 7.82 7.10 7.10 3.67 2.70 1.22

3
4 0.29 0.26 0.47 1.76 1.44 2.70 5.52 3.76 1.59 1.03 0.40
5 0.50 0.58 3.79 5.62 8.08 6.50 4.10 3.43 1.33 0.83 0.41
6 0.40 0.11 1.83 2.64 3.27 2.32 2.05 1.21 0.89 0.54

Mean 0.37 0.31 3.22 5.14 4.99 5.72 3.98 5.04 2.42 1.49 0.64
SE 0.06 0.08 0.94 1.54 1.54 1.20 0.93 1.27 0.65 0.37 0.20

Portal 1 0.50 0.35 0.41 1.13 8.84 11.19 3.51 2.49
vein 2 0.55 0.28 0.29 5.50 6.45 6.32 7.51 4.42 2.85 1.51

3 3.52 4.73
4 0.29 0.29 0.15 0.64 1.76 1.85 4.85 3.61 1.61 1.11 0.64
5 0.10 0.21 0.64 3.80 6.16 4.60 3.77 3.90 1.60 1.00 0.39
6 0.29 0.27 1.00 1.92 3.27 3.72 2.48 2.00 1.19 0.62 0.40

Mean 0.35 0.28 0.50 2.75 4.41 5.07 3.70 5.64 2.84 1.61 0.75
SE 0.08 0.02 0.15 0.75 1.14 1.19 0.69 1.65 0.64 0.55 0.27

Inferior, 1
vena 2 0.40 0.52 0.40 1.20 3.05 5.07 6.62 4.05 3.17 1.77
cava 3

4 0.32 0.41 0.44 0.53 0.76 1.65 4.85 2.73 2.29 1.70 0.44
5 0.40 0.11 0.10 2.39 5.58 3.48 5.02 3.37 2.25 1.46 0.39

Mean 0.33 0.31 0.32 1.27 2.94 3.35 3.98 3.73 2.46 1.89 0.78
SE 0.05 0.10 0.07 0.39 1.00 0.69 0.95 1.00 0.59 0.65 0.33
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TABLE III

PHLA (mean microequivalents FFA per hour per milliliter plasma) in hepatectomized dogs (protocol B)

Vessel Exp. Base
sampled no. line 5 sec 15 sec 30 sec 1 min 10 min 20 min 30 min 45 min 60 min

Abdominal 1 0.20 0.13 0.34 0.10 0.45 0.89 1.00 0.73 1.10
aorta 2 0.30 0.51 0.63 0.46 1.32 4.00 3.10 2.83 2.00

3 0.00 0.28 0.26 0.30 0.30 1.31 1.40 1.40 1.16 1.12
4 0.10 0.10 0.36 0.24 1.37 2.74 3.13 2.44 1.65 1.46

Mean 0.15 0.26 0.40 0.28 0.86 2.24 2.16 1.14 1.69 1.15
SE 0.07 0.11 0.08 0.07 0.28 0.71 0.55 0.50 0.40 0.26

Portal 1 0.57 0.52 0.26 1.00 0.47 1.79 1.05 0.81 1.08
vein 2 0.21 0.14 0.90 1.39 1.79 3.95 3.30 2.16 2.93 2.60

3 0.33 0.28 0.14 0.19 0.71 1.31 1.40 1.40 1.36 1.37
4 0.13 0.00 0.26 0.24 0.52 2.86 2.72 2.30 1.46 1.23

Mean 0.31 0.24 0.39 0.71 0.87 2.48 2.12 1.67 1.71 1.30
SE 0.10 0.11 0.17 0.36 0.31 0.59 0.53 0.35 0.42 0.43

Inferior 1 0.05 0.18 0.05 0.23 0.60 0.97 0.71 0.92 0.71
vena 2 0.21 0.14 0.10 0.32 1.18 3.95 2.62 2.16 2.69 2.09
cava 3 0.35 0.26 0.09 0.12 0.12 1.50 0.56 1.40 1.33 1.09

4 0.36 0.41 0.24 0.26 2.95 2.84 3.00 2.30 2.09 1.68

Mean 0.24 0.25 0.12 0.23 1.21 2.32 1.72 1.70 1.71 1.22
SE 0.07 0.05 0.04 0.05 0.63 0.63 0.55 0.35 0.43 0.24

Results

Injection of heparin into the portal vein of dogs
with an intact liver (protocol A) resulted in an
increase in lipolytic activity of the blood leaving
the liver (Table II). Five seconds after injec-
tion, PHLA in hepatic vein had increased sig-
nificantly above its base-line value (p < 0.05).
The hepatic vein PHLA remained significantly
elevated (p < 0.05) above the PHLA of aorta,
portal vein, and inferior vena cava throughout
the initial 15 seconds after heparin injection.
Hepatic vein PHLA continued to be significantly
higher (p < 0.05) than that of portal vein or
inferior vena cava for at least 30 seconds after
injection into portal vein.

The appearance of PHLA in aorta lagged 15
to 30 seconds behind hepatic vein in all of these
experiments. The time of appearance in two
dogs (no. 4 and 5) of lipolytic activity in aorta
coincided with the time taken for radioactive al-
bumin simultaneously injected into portal vein
to circulate to abdominal aorta. At this time
there was still no increase in lipolytic activity of
blood from either the portal vein or the inferior
vena cava (p < 0.05). PHLA in both the portal
vein and inferior vena cava did not begin to rise
until 30 seconds after heparin injection.

The second group of animals (protocol B)
underwent total surgical hepatectomy (Table
III). Heparin was injected into the supradia-
phragmatic inferior vena cava just above the level
of the ligated hepatic veins. This injection site
was selected to provide conditions comparable
with portal vein injection in the intact animals.
The mean maximal arterial levels of PHLAwere
significantly lower in the hepatectomized animals
than in animals with intact livers (p < 0.05).
Rapid release of the enzyme, as had been found
in the dogs with an intact liver, was not seen
in these experiments (Figure 1).

Preheparin plasma of a hepatectomized dog
failed to inhibit lipolytic activity when incubated
with postheparin plasma of a dog with intact
liver. Thus the lower lipolytic activity seen after
hepatectomy was not due to the presence of in-
hibitor substances in plasma (Table IV).

The effects of heparin injection into the periph-
eral arterial circulation were followed in a third
group of animals (protocols C and D). In an
initial experiment (Table V) heparin injected
into the aorta below the renal arteries resulted
in rapid release of lipolytic activity from the liver.
In subsequent experiments in this group, in order
to avoid the possibility of heparin reaching the
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FIG. 1. MEANARTERIAL POSTHEPARINPLASMA LIPOLYTIC ACTIVITY (PHLA)
LEVELS IN INTACT AND HEPATECTOMIZEDDOGS.

liver directly by reflux via hepatic artery, heparin
was injected into the left femoral artery below
the groin while the artery proximal to the site of
injection was momentarily occluded (Table VI).
Under these conditions of administration heparin
would initially circulate through the hind limb,
allowing opportunity for the release of PHLA
from the limb, before reaching the liver via the
hepatic artery and portal vein.

Injection of heparin into the femoral artery
resulted in the release of small amounts of PHLA
from the hind limb, as indicated by an initial
positive difference between the mean lipolytic
activity in inferior vena cava as compared with
aorta (p < 0.05). During the initial 15 seconds
there was no change in the lipolytic activity in
hepatic vein. However, beginning 30 seconds

TABLE IV

Inhibitor studies; effect of preheparin plasma of a hepa-
tectomized dog on lipolytic activity of postheparin plasma

of a dog with intact liver

Preheparin Postheparin
plasma of plasma of

hepatectomized dog with FFA released
dog intact liver per hour

ml ml uEq
0.1 0.78
0.2 1.53

0.1 0.12
0.2 0.22
0.1 0.1 0.89
0.2 0.1 1.02

after heparin injection into the femoral artery
and presumably after heparin had circulated to
the liver, the level of lipolytic activity in the
hepatic vein rose above that of the vena cava

(Figure 2). Two minutes after injection of
heparin, the mean level of hepatic vein PHLA
was significantly greater than that of vena cava

(p < 0.05). This apparent release of PHLA
from the liver was associated with a reversal of
the gradient of lipolytic activity between vena cava

and aorta. The level of activity in the artery re-

mained above that of the vena cava during the
period from 1 to 7 minutes after heparin injection.

The effect of heparin injection into the femoral
artery also was investigated in one animal who
had had a hepatectomy (Table VII). Ten min-
utes after injection of heparin in the hepatecto-
mized animal, the levels of PHLA in both aorta
and vena cava were below the 95 % confidence
limits of the mean of the peripherally injected
intact animals, indicating a significantly lower
release of PHLA into the circulation in the ab-
sence of the liver. In addition, the lipolytic ac-

tivity in the vena cava remained above that of
the aorta throughout the first 10 minutes after
heparin injection, implying that the hind limb
tissues were the chief source of the small amounts
of PHLA released into the circulation under these
conditions.

With regard to hepatic removal of PHLA,
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TABLE V

PHLA (mean microequivalents FFA per hour per milliliter plasma) after heparin
injection into aorta in intact dog (protocol C)

Vessel Base
sampled line 5 sec 1S sec 30 sec 1 min 2 min 7 min 10 min 20 min 30 min 45 min 60 min

Hepatic 0.10 0.23 3.54 10.90 12.97 9.77 4.91 3.74 2.08 1.31 0.15 0.10
vein

Abdominal 0.10 0.29 0.43 2.45 6.60 6.14 4.61 3.91 2.51 2.11 0.86 0.40
aorta

Portal 0.25 1.00 1.03 1.65 6.14 5.48 4.34 5.08 2.48 1.72 0.60 0.29
vein

0.22 0.54 0.86 0.86 1.94 3.65 6.17 5.42 3.05 2.28 0.48 0.20

there is a negative PHLA gradient across the tact dogs are significant throughout this period
liver during the period from 20 to 45 minutes (p < 0.05).
after heparin injection in all intact animals studied Hepatic vein plasma, obtained in the first circu-
(protocols A, C, and D; Tables II, V, and VI). lation after heparin injection into the portal vein,
The pooled arterial-hepatic vein and portal vein- and inferior vena cava plasma, obtained in the first
hepatic vein mean activity differences of the in- circulation after heparin injection into the femoral

TABLE VI

PHLA (mean microequivalents FFA per hour per milliliter plasma) after femoral artery
injection of heparin in intact dogs (protocol D)

Exp. Base
no. line S sec 15 sec 30 sec

1 0.30 0.27 0.24 0.86
2 0.00 5.37
3 0.14 0.00 0.00 1.22
4 0.57 0.29 0.64

1 min 2 min 7 min 10 min 20 min 30 min. 45 min

0.67 8.49 7.70 5.75 1.49 0.54 0.40
11.43* 11.58 6.00 5.07

7.93 5.07 3.36 3.36
9.71 8.22 6.29 4.50

0.18 2.02 6.10 8.34 5.84 4.67
0.11 1.12 2.76 1.33 0.90 0.40

Abdominal 1 0.15 0.10 0.10 0.10
aorta 2 0.00 0.00 4.00

3 0.36 0.00 0.43
4 0.29 0.36 0.00

Mean 0.20
SE 0.07

0.62 1.78 9.70 7.21 2.71 1.49 5.94
8.43 7.22 8.86 5.37
1.79 3.65 5.50 3.08
2.86 5.37 5.72 8.00

0.12 1.13 3.43 4.51 7.45 5.92
0.08 0.96 1.72 1.17 1.08 1.09

1 0.10 0.10 0.64 0.27
2 0.00 0.71 0.36
3 0.14 0.00 0.43
4 0.00 0.00 0.14

Mean 0.06 0.34 0.30
SE 0.05 0.19 0.07

1 0.10 0.72 0.81 1.13
2 0.00 0.71 0.36
3 0.00 1.22 1.22
4 0.86 2.64 4.57

1.00
4.57
0.57
0.14

2.27 8.05 3.48 3.64 2.21 0.67
6.29 5.93 6.08
3.79 6.43 4.07
3.00 5.93 7.15

1.57 3.84 6.59 5.19
1.01 0.87 0.49 0.86

0.86 2.18 7.70 8.75 4.13 1.91 0.62
4.57 6.29 5.93 6.08
1.22 2.07 5.65 5.50
3.94 3.50 3.72 9.93

1.35 1.82 2.65 3.51 5.75 7.57
0.45 0.94 0.94 0.98 0.82 1.01

* Sample taken at 1 j minutes, value not included in mean.

Inferior
vena
cava

Vessel
sampled

Hepatic
vein

Mean 0.25
SE 0.12

Portal
vein

Inferior
vena
cava

Mean 0.24
SE 0.20
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FIG. 2. PHLA LEVELS AFTER PERIPHERAL ARTERIAL INJECTION OF HEPARIN IN

INTACT DOGS. Time scale is logarithmic. Symbols: 0-0, hepatic vein; *-*,
abdominal aorta; A-A, portal vein; X-X, inferior vena cava.

artery, were capable of effecting the optical clear-
ing of coconut oil emulsion. This clearing was

inhibited by 1.0 Msodium chloride (Table VIII).
These plasmas were also capable of hydrolyzing
chylomicrons and low density lipoproteins. The
chylomicron and low density lipoprotein lipolysis
was also inhibited by 1.0 M sodium chloride
(Table IX).

Both of the patients studied showed increases
in hepatic vein PHLA within 15 seconds after
heparin injection, whereas simultaneous samples
taken from the iliac artery showed little change in
PHLA levels. The level of hepatic vein PHLA
remained above that of arterial blood for at least
4 minutes after heparin injection (Table X).

Discussion

In our experiments, injection of heparin into
the portal vein of intact dogs resulted in release
of PHLA into the hepatic vein within 5 seconds.
A rise in PHLA in the aorta was not observed
until at least 15 seconds after heparin injection
into the portal vein and occurred at the same

time as the arrival in the aorta of radioactive
albumin that had been simultaneously injected
with the heparin. The lipolytic activity measured
in the aorta at this time represents, in our view,
the arrival of the bolus of PHLA that had been
released from the liver. It is probable that most
of the PHLA measured in the aorta during at

TABLE VII

PHILA (mean microequivalents FFA per hour per milliliter plasma) after femoral artery
injection of heparin in a hepatectomized dog (protocol E)

Vessel Base
sampled line S sec 15 sec 30 sec 1 min 10 min 20 min 30 min 45 min 60 min

Abdominal
aorta 0.10 0.10 0.10 0.39 0.27 0.54 0.54 0.58 0.77 0.20

Portal
vein 0.20 0.10 0.10 0.20 1.00 1.48 0.71 0.25 0.35 0.74

Inferior
vena 0.10 0.80 0.64 0.54 0.18 0.58 0.54 0.60 0.54 0.87
cava
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TABLE VIII

Optical clearing activity of lipase obtained
from liver and hind limb

Change in optical density
per hour of incubation

Plasma
plus

Plasma 1.0 M
Source of lipase alone NaCl

Hepatic vein 0.303 0.071
Inferior vena cava 0.294 0.053

least the first minute after portal vein injection of
heparin is derived from liver.

The possibility that the release of PHLA from
liver after portal vein injection of heparin was

merely secondary to a high local concentration of
heparin was excluded by injecting heparin into
the systemic arterial circulation. It is apparent
that even after heparin is injected peripherally,
the highest PHLA appears in the hepatic vein
rather than in the inferior vena cava, which is
draining that portion of the peripheral circulation
directly exposed to the injected heparin. The
maximal positive mean activity gradient between
aorta and vena cava at any time during this group

of experiments was less than half that of the
maximal positive mean activity gradient between
aorta and hepatic vein. It appears that the liver is
a relatively efficient site of PHLA release and
responds to heparin injection into the systemic
circulation.

Hepatectomy results in a marked decrease in
lipolytic activity released in response to heparin
and provides further evidence in support of our

view that liver is a major source of PHLA. If
the group of hepatectomized animals in which
heparin was injected into the supradiaphragmatic
vena cava are compared with the intact animals in
which heparin was injected into the portal vein,

TABLE IX

Comparative lipolysis of different substrates
(in microequivalents FFA released per hour)

Plasma source

Hepatic vein Inferior vena cava

Plasma Plasma
plus plus

Plasma 1.0 M Plasma 1.0 M
Substrate alone NaCl alone NaCl

Chylomicrons 1.62 0.44 0.80 0.16
Low density 1.89 0.41 0.85 0.14

lipoproteins

it can be seen that the release of PHLA in the
hepatectomized animals is slower, and that the
maximal mean arterial PHLA level reached is
significantly lower than in the intact animals.
Similarly, if the hepatectomized dog injected with
heparin into the femoral artery is compared with
the peripherally injected intact dogs, significantly
less PHLAwas released after hepatectomy. This
lower activity was shown not to be due to the
appearance of inhibitors in plasma of hepatecto-
mized dogs.

Our results are in accord with and extend the
observations of other investigators regarding tis-
sue sources of PHLA. Simultaneous injection of
heparin and a nondiffusible dye into a limb artery
results in rapid release of PHLA. Lipolytic ac-

tivity and dye appear together in the venous blood
from the limb (25) although the peak of lipo-
lytic activity may lag slightly behind the peak
dye concentration (26). Such experiments have
been interpreted as evidence that PHLA was

released from vascular endothelium or a tissue site
close to endothelium. Since the liver contains a

relatively large amount of vascular endothelium,
we expected that it might well release PHLA,
and this expectation was realized by our experi-
mental observations. Release of PHLA from

TABLE X

PHLA (mean microequivalents FFA per hour per milliliter plasma) after
systemic injection of heparin in man

Patient Vessel sampled Base line 15 sec 2 min 4 min 5 min 7 min 10 min

A.B. Iliac artery 0.26 0.32 2.09 1.68 3.56 3.36
Hepatic vein 0.26 1.93 3.77 3.84 3.28 4.39

R.B. Iliac artery 0.20 0.18 1.32 1.89 4.12
Hepatic vein 0.19 2.31 4.23 4.63 4.01
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the liver was very rapid and quite consistent with
the findings in a perfused limb.

Our findings are not inconsistent with the ob-
servations in animals of several workers (13, 14)
who have failed to demonstrate PHLA release
from a perfused liver. In those older studies,
blood samples were not obtained within the first
few minutes after heparin injection. Therefore
the rapid release of PHLA was not observed.

During the latter portions of the experiments
on dogs with intact livers, the removal of PHLA
from the circulation by the liver is apparent.
There is a significant net decrease in PHLAwhen
arterial and portal vein levels are compared with
hepatic vein levels during the period from 20 to
45 minutes after heparin injection. Our observa-
tions are in accord with the findings, in both
animals (13-15) and in man (17, 21), of in-
vestigators who have collected blood samples 10
minutes or later after heparin injection and have
demonstrated hepatic removal of PHLA. Avail-
able evidence indicates that the low activity ob-
served in hepatic vein blood 10 minutes after
heparin injection is not due to the presence of in-
hibitor substances (21, 25).

One of the patients (A.B.) had portal hyper-
tension with an extensive portasystemic collateral
circulation. It is probable that much of the por-
tal blood flow in this patient was shunted around
the liver via collaterals. The other patient (R.B.)
had had an end to side portacaval shunt. The
blood supply to the liver after this operation is
entirely arterial. The possibility of PHLA re-
lease from other portions of the splanchnic circu-
lation affecting the PHLA level in hepatic vein
is thus obviated. Both of the patients exhibited
an increase in hepatic vein PHLA in response
to injection of heparin into the systemic circula-
tion. Hepatic vein PHLA increased relatively
rapidly after heparin injection and remained above
the arterial PHLA level throughout the early
portion of the experiment, implying that the
enzyme was being released from the liver. The
pattern of response in man was similar to that
in the animals.

The peak levels of PHLA seen in both patients
were approximately one-tenth those found in
normal controls (21). This difference is probably
a reflection of a decrease in the functional capacity

of the cirrhotic liver to release PHLA. The
fundamental nature of the decreased capacity to
release PHLA remains obscure.

The lipolytic activity liberated from the liver
and hind limbs showed characteristics similar to
those of the clearing factor lipase of Robinson
and French (2), and the lipoprotein lipase of
Korn (4), in ability to hydrolyze chylomicrons
and lipoproteins and clear glyceride emulsion, and
in its sensitivity to inhibition by 1.0 M NaCl.
Inasmuch as lipoprotein lipase is thought to be
responsible for the hydrolysis of chylomicron tri-
glyceride that occurs during uptake of this lipid
by adipose tissue and heart, the demonstration of
hepatic release of lipolytic activity having the
characteristics of lipoprotein lipase suggests that
the liver may also have the capacity for extra-
cellular lipolysis before uptake of chylomicrons.
Currently the liver is thought to take up tri-
glyceride without prior hydrolysis (27). Our
findings raise the question as to whether another
mechanism, possibly involving prior lipolysis, may
be involved in the hepatic uptake of glyceride.

Summary
1) Postheparin plasma lipolytic activity was

measured simultaneously in hepatic vein, ab-
dominal aorta, portal vein, and inferior vena cava
in 11 intact and five hepatectomized dogs after
injection of heparin into the portal vein or a
systemic artery.

2) In the animals, significant postheparin lipo-
lytic activity was released from liver after portal
vein and systemic arterial injection of heparin
in intact dogs. This response was significantly
impaired after hepatectomy.

3) The lipolytic activity liberated from the liver
showed characteristics similar to those of lipo-
protein lipase.

4) Studies of postheparin plasma lipolytic ac-
tivity were also conducted in two cirrhotic pa-
tients undergoing hepatic vein catheterization.
Postheparin plasma lipolytic activity was also
apparently released from the liver in these patients
in response to heparin injection into the systemic
circulation.

5) Whether lipolytic activity liberated from
the liver plays some physiological role in hepatic
uptake of glycerides remains to be determined.
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