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SUMMARY

Enzymatically isolated rat liv ) arenchymal oegls secreted labeled triacyl-
glycerols when incubated with f HTglycerol or [“Hloleic acid. The presence of
albumin or serum did not affect the secretion, but it was strongly inhibited
by cycloheximide, colchicine, EDTA and by incubating at 4°C instead of at 37°C.
Analyses of incubation media by agarose gel electrophoresis and by ultracentri-
fugation showed that the labeled triacylglycerols were 1in particles with the
properties of very low density lipoproteins.

INTROBUCTION

The liver contributes the major part of the non-chylomicron triacylglycerols

of blood plasma in the form of VLDZ-lipopPDteins (1). The experimental systems
most frequently used in studies on their formation and secretion by rat liver
are the intact animal, the perfused organ and tissue slices. In studies on the
biosynthesis of lipids by enzymatically isolated rat liver parenchymal cells
{2,3), it was of interest to know whether this preparation retains the capacity
of lipoprotein formation and secretion, especially since the system is metabo-
lically superior to liver slices and have experimental advantages compared to
organ perfusion. Suspended rat liver cells were therefore incubated with label-
ed glycerol or oleic acid and the release of labeled lipids into the medium

was examined.

MATERIAL AND METHODS

Cell isolation and incubation. Male Sprague-Dawley rats (Anticimex AB, Sweden)

weighing 200-350 g were fed a balanced diet ad libitum. Liver parenchymal cells
were prepared according to Berry and Friend (4) as described elsewhere (2). Bi-
carbonate-free Hanks” solution buffered with 10 mM phosphate (pH 7.4) was

used as the basic incubation medium. Where indicated 2 % delipidated (5)

and dialyzed bovine serum albumin (Fraction V, Serva Heidelberg), with or

1Supp0rted by the Swedish Medical Research Council (03X-3858 and 03X-3869). The
skilful technical assistance by Miss Elisabeth Nilsson and Miss Gertrud Olsson
is greatfully acknowledged.

2VLD(L), very low density (lipoproteins}, d < 1.0086.
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Figure 1 (left). Rat liver parenchymal cells were incubated with[aH]glyceml
for the time indicated. The incubation medium contained 10 % rat serum. The
figure shows the proportion of total glycerolipid radicactivity in the medium
(a) and the total incorporation of added [ Higlycerol into glycerolipids of
medium (@) and cells + medium (@—@) (b). The results shown are typical
of about ten separate experiments.

Figure 2 (right). Rat liver parenchymal cells were incubated with [3H]oleic
acid in 2 % albumin in modified Hanks” buffer. The figure shows the propor-
tion of total triacylglycerol radioactivity in the medium (a) and the total
triacylglycerol radioactivity in medium (W— ), cells (&—A) and cells
plus medium (&—d ) (b).

without bound oleic acid (6), or 10 % dialyzed rat serum previously heated
for 30 min at 56°C was included in the incubation medium. Each incubation
contained approx. 5 x 108 cells {2.9-5.0 mg protein)and 0.1 pmole [1[3)—

3H]glycerml or 0.5 wmole [9,10—3H2] oleic acid (Radiochemical Centre, Amer-
sham) in a final volume of 1 ml in a 25 ml siliconized Erlermeyer flask.

The flask was shaken (B0-80 oscillations per min) at 37°C for 180 min, un-
less otherwise stated and the incubation was terminated by cooling on ice.
Rat plasma (0.1 ml) was added and the cells were sedimented by centrifuga-

tion (150 x g for 5 minl). An aliquot (3/4) of the supernatant was sucked
off for analysis,
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TABLE I. Distribution of [3H]g1ycerol among lipid classes in cells and media.

TG, PE, PC and LPC represent triacylglycerols, phosphatidylethanolamines,
phosphatidylcholines and lysophosphatidylchelines, respectively.

Lipid Incubation medium
class
Modified Hanks” + 2 % albumin and + 10 % serum In vivo
buffer 1 mM oleic acid expariment
Cells Medium Cells Medium Cells Medium Liver Serum
2 per cent of glycerolipid radioactivity
TG 50.0 94.9 86.2 93.7 70.2 95.6 48.5 97.7
PE 10.4 1.0 2.2 0.6 5.5 0.4 19.4 0.3
PC 39.4 3.5 11.5 2.3 24.0 3.2 28.2 1.7
LPC 0.2 0.6 0.2 3.4 0.3 0.9 0.8 0.3

1Lipid extracts of liver and ngum from a male rat killed 45 min after the
intraperitoneal injection of Hlglycerol (1.5 mCi).

2Including 1.0-2.0 % diacylglycerols.

Lipid analysis. Lipids were extracted by 6 vol. chloroform-methanol (1:1

v/v). The chloroform phase, obtained by adding to the extract 1 % NaCl (la-
beled glycerol) or 0.1 M acetate buffer (pH 5.0) (labeled oleic acid), was
washed three times with methanol-1 % NaCl (1:1 v/v) saturated with chloro-
form. Lipids were separated by thin-layer chromatography on silica gel H;
developing solvents:light petroleum (b.p. 40-50°C)-diethyl ether-acetic
acid (75:25:1 by vol.) for neutral lipids and chloroform-methanol-4 M NH4OH
(60:30:5) for polar lipids.

Analysis by centrifugation. All analyses were performed in a 3 x 5 ml swing-

out rotor in an MSE Superspeed 50 TC instrument at 4-69C. For the flotation
of lipid droplets (SF > 3000) from incubation media, 0.3 ml of the low-speed
supernatant (see above) was mixed with 0.1 ml rat serum and 0.1 ml of a sus-
pension of hepatic lipid droplets (7).NaCl,0.9 % and 1 M sucrose was added
to give a final sample volume of 2 ml, 0.2 M in sucrose. The sample was over-
layered with }.5 ml distilled water and centrifuged at 20,000 x By (15.000
rpm) for 20 min. Three fractions were collected from above (0.5, 0.5 and 2.5
ml) with a syringe equipped with a bent needle. When [3H]glycerol~1abeled
lipid droplets or rat serum (see below) were analyzed, they were substituted

for the corresponding nonlabeled addition.

For the isolation of VLDB-lipoproteins 0.2 ml incubation medium was mixed with
0.2 ml rat serum and diluted to 1.2 ml with a solution of KBr (final density

= 1.063). The sample was underlaid with 0.5 ml KBr (d = 1.21) and overlayered
with 3.2 ml 0.9 % NaCl containing Na,EOTA (0.1 mg/ml). After centrifugation st
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TABLE II. Flotation of lipid droplets from cell homogenates and incubation

media after incubation with [3H]g1yper01.

Fractian Incubation medium
Modified Hanks” + 2 % albumin and In vivo experiment
buffer 1 mM oleic acid
CH1 MZ CH1 M2 Liver Serum  Hepatic
homoges droplets
3
nate
per cent of glycerolipid radicactivity
1 (Top) 14.0 0.3 10.9 0.6 12.6 0.3 86.8
2 4.0 4.4 2.2 8.5 - 4.8 3.7
3 82.0 95.3 86.9 90.9 87.4 94.6 9.5
1

Cell homogenate. The cell pellet was vigorously shaken in a Vortex mixer for
5 min and subjected to recentrifugation (150 x g for 5 min). The supernatant
was designated cell homogenate.

2Incubation medium.

3Total liver homogenate in 0.2 M sucros.

100,000 x g_, (34,000 rpm) for 16 hours, the top fraction (1 ml) was collect-
ed by tube slicing. The remainder was sucked off in three fractions (1.3 ml

each).

Gel electrophoresis. An aliquot of the incubation medium was mixad with an
HEDTA (pH 7.0; 1 mg/ml) and was sub-

Jected to agarose gel electrophoresis (B8) as described by Johansson (3). Af-

equal vol. of rat plasma containing Na

ter fixation in 5 % trichloroacetic acid five bands were cut out from the
gel, corresponding to albumin, a-protein, the region between o- and g-protein,
8-praotein and the origin, respectively. Lipids were extracted from the gel as

described above.

Preparation of [3H]glycerol—1abeled hepatic lipid droplets and rat serum.

A rat was injected intraperitoneally with 1.5 mC [3H]g1ycerol and killed 45
min. later. The liver was homogenized in 10 vol. 0.25 M sucrose and lipid
droplets were isolated from the homogenate by centrifugation (20000 x g,y for
60 min) (Ref. 7). OFf the lipid radicactivity in this fraction 98 % was in
triacylglycercls, 1.4 % in diacylglycercls and 0.6 % in polar lipids. Blood
was collected from the aorta and serum was prepared by centrifugation for 20
min at 3000 rpm. Sodium EDTA (pH 7.0, 1 mg/ml) was added and the serum storec
at 2-4°C.

Other methods were as previously described (2}.
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TABLE III. Flotation of VLD-lipoproteins from incubation media after incu-
bation with [3H]g1ycerol.

Fraction Incubation medium (in modified Hanks” buffer)

10 % serum 2 % albumin and 1 mM oleic acid

per cent of triacylglycercl radioactivity

1 (d < 1.006) 93.1 93.3
2 1.2
3 3.3 2.3
4 3.6 3.2

TABLE IV. Analysis of incubation media by agarose gel eléctrophoresis.

Rat liver parenchymal cells were incubated with [3H]glycerol for 150

min.

Zone Incubation medium In vivo experiment
Modified Hanks” + 2 % albumin and serum
buffer 1 mM oleic acid

albumin 8.7} 8.6 0.2 6.7}

o 5.7 5.6 3.9 2.6

a-B 58.8 68.5 80.6 59.5

) 11.6 8.7 7.8 19.5

origin 15.2 8.6 7.5 11.7

lPer cent of taotal glycerolipid radicactivity.
zPer cent of total triacylglycerol radicactivity.

RESULTS ANB DISCUSSION

As shown in Figure 1 a sizeable portion of the lipids synthesized from label-
ed glycerol hy the liver cells appeared in the incubation medium. By using

a low concentration of glycerol (0.1 mM) maximal incorporation into cellular
lipids was reached within 30 min. Experiments with higher amounts of labeled
glycerol showed that the rate of glycerolipid synthesis is linear over at
least 2-3 hours (3). A comparable release of labeled triacylglycerols were
seen after incubation with albuminbound [3H]oleic acid (Fig. 2). Triacylgly-
cerol was the principal labeled glycerolipid released into the medium after
incubation with Iakaglycerol (Table I) as well as [3Pﬂoleic acid,in accordan-

ce with what is found in viva.

In the experiments with laheled glycerol the proportion of total glycerolipid
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TABLE V. Effect of agents and of incubation temperature on glycerolipid secre-

tion from isolated rat liver parenchymal cells.

Rat liver parenchymal cells were incubated with [3H]g1ycerol and the glycero-
lipid secretion was determined as the proportion of total glycerolipid radio-
activity in the medium. Data from at least two separate experiments are in-
cluded. The figures shown represent mean percentage * S.0. of corresponding
controls (number of observations), Incubation time was B0-180 min after iso-
tope addition.

Addition [BFﬂglycerol in cellular + Glycerolipid secretion
medium lipids (% of control) (% of control)

Cycloheximide1

(0.035 m1) 102.2 = 12.8 27.2 = 4.2 (B6)

Colchicinel

(0.025 m1) 101.5 + 7.8 22.2 + 6.8 (4)

NaZEDTA (3 mM) 145.8 + 8.7 14.3 + 3.4 (4)

CaEDTA (1.5 mM) +

MegEDTA (1.5 mM) 108.7 + 14.3 93.9 + 12.2 (4)

Incgbﬁtion at

+4°7C 105.5 = 21.7 7.2 + 4.6 (4)

1The cells were preincgb ted for 60 min in the presence or absence of the
inhibitor, prior to [ Hjglycerol addition.

2 Incubation with [3H]g1yceml at 37°C for 30 min then at +4°C for 150 min.

radioactivity found in the medium has been used as a measure of the glycero-
lipid release. This proportion was the same whether the cells were incubated
in buffer, 2 % bovine serum albumin or 10 % rat serum. The composition of
labeled lipids in the medium was also the same in these media (Table I),
except for a certain release of labeled lysophosphatidylcholine in the pre-
sence of albumin. Incubation under a gas phase of oxygen did not enhance the

release of labeled lipids.

Different approaches were applied to ascertain that the release of labeled
lipids was due to secretion of plasma lipoprotein and not to cell disintegra-
tion. Centrifugation at 100,000 x g for 90 min of the low-speed supernatant
from cell incubations led to the sedimentation of less than 5 % of the labeled
lipids, indicating that contamination with labeled cellular membranes was small.
This conclusion is further supported by the fact that triacylglycercls were the
major labeled lipids in the medium, irrespective of the distribution OF[ 3H]g1y'
cerol among cellular lipids (Table I). Ancother effect of cell disintegration
could be the release of triacylglycerol-rich lipid droplets, which occur in the
cytoplasm of liver cells and appear as a floating layer after centrifugation of

a liver homogenate (7,10)}. These droplets are larger than the lipoproteins
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secreted by liver and therefore flotate more rapidly during centrifugation. A
procedure in which the droplets are flotated through a layer of distilled wa-
ter (7) was adopted for the analysis of incubation media. Under conditions
where lipid particles of SF > 3000 would move into the upper part of the water
layer {Table II and Ref. 11) only a negligible fraction of the labeled lipids
in incubation media or in serum did so. Disrupting the cells after incubation,
on the other hand, released labeled lipid droplets in amounts similar to those
in homogenized rat liver labeled with glycerol in vivo (Table II). Thus, la-
beled cell components formed due to cell disintegration do not seem to contri-

bute significantly to the labeled lipids recovered from incubation media.

Analysis of incubation media by density equilibrium centrifugation (Table III)
showed that labeled triacylglycerols released from the cells were almost en-
tirely associated with particles of d < 1.006. This fact and the SF—value of
less than 3000 strongly indicate that the particles were VLD-lipoproteins. In
accordance with this the majority of them, like plasma VLDL, had pre-g-mobili-
ty on agarose gel electrophaoresis (Table IV).

Direct evidence that the release of VLDL was due to active secretion was ob-
tained by the use of inhibitory agents (Table V). Cyclcheximide inhibits pro-
tein synthesis and the secretion of VLD-lipoproteins by the perfused liver,
without inhibiting glycerolipid synthesis (12). Neither in the isolated hepa-
tocytes was the incorporation of labeled glycerol into cellular lipids de-
pressed after preincubation with cycloheximide, but the proportion released
into thé medium was drastically lowered. Colchicine had a similar effect on
the release of labeled lipids, in accordance with recent suggestions of a role
for the microtubular system in lipgprotein secretion (13,14). Furthermore, the
binding of bivalent cations by NaZEDTA strongly inhibited glycerolipid release.
When equimolar amounts of Ca2+ and Mg2+ were bound to the EDTA prior to addition

the inhibition was completely reversed.

The formation and secretion aof intact plasma lipoproteins in vitra has previous-
ly been demonstrated in perfused liver and in: liver slices (1), while synthesis
of the protein moiety occurs in less complex systems requiring cofactor additions,
such as mechanically dispersed rat liver cells (15), rat liver microsomes and
isolated ribosomes (16). The present results indicate that plasma VLDL are syn-
thesized and secreted by enzymatically isclated rat liver parenchymal cells.
Furthermore, the rate of VLOL secretion, as judged from the fractional release

of labeled lipids (Figures 1 and 2), is of the same order as that found in 1i-
ver perfusion experiments (17-19).
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