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Coichicine Inivbition of the Heparin-Stimulated Release of Clearing-Factor Lipase from Isolated Fat-Cells
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When isolated fat-cells are incubated at 25°C in serum-based media containing glucose,
insulin and heparin, the rise that occurs in the clearing-factor lipase activity of the incuba-
tion medium is inhibited by colchicine. The rise in the fat-cell clearing-factor lipase
activity that occurs during similar incubations in the absence of heparin is not affected by
colchicine.

The function of the enzyme clearing-factor lipase
(lipoprotein lipase) is to hydrolyse the plasma tri-
glycerides and thereby facilitate the uptake of their
constituent fatty acids by the extrahepatic tissues of
the body. It normally exerts this action on the plasma
triglycerides at the luminal surfaces of the endo-
thelial cells lining the blood capillaries of such tissues
(see Robinson, 1970). However, in adipose tissue the
enzyme is also present in association with the fat-cell
component of the tissue, and current evidence,
reviewed previously (Robinson & Wing, 1971; Cryer
et al., 1975a), suggests that the fat-cell enzyme is the
precursor of the functional enzyme at the endothelial
cell surface. Moreover, it seems that hormonal
control of the activity of the enzyme in adipose tissue
is normally exerted on this precursor (see Robinson &
Wing, 1971).
Although the nature of this hormonal control has

received considerable attention (Robinson & Wing,
1971; Cryer et al., 1975a), the mechanism oftransport
of the enzyme from the fat-cell to the endothelial
cell in adipose tissue remains unknown. The enzyme
is, however, released by heparin from tissues in which
it is present both in vivo and in vitro (Robinson, 1970),
and Chajek et al. (1975a,b) have shown that this
release is inhibited by colchicine. Because colchicine
is known to interfere with the secretion of a number
ofcell proteins (see under 'Discussion'), these authors
have suggested that itmay act in such a situationeither
directly by interfering with the release of the enzyme
from the endothelial cell or indirectly through an
effect on the transport of the enzyme from its pre-
cursor site to the endothelial cell. On present evi-
dence this precursor site in adipose tissue is the fat-cell,
and it has already been shown that increases in
clearing-factor lipase activity occur when isolated
fat-cells are incubated in media containing glucose
and insulin. Moreover, in appropriate circumstances,
these increases are entirely due to enzyme that is
released into the incubation medium (see Robinson
& Wing, 1971; Stewart & Schotz, 1974; Cryer et al.,
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1975b). It was therefore decided to investigate the
effects of colchicine in such incubation systems. The
present paper reports the results of such a study.

Materials and methods

Animals and tissue preparations. Male albino rats
ofthe Wistar strain, maintained on Oxoid pasteurized
diet 41B (H. Styles Ltd., Bewdley, Worcs., U.K.),
were used throughout. All the animals weighed
170-190g in the fed state, and, before use, they were
starved for 24h from between 9:00 and 10:00h the
previous day. After starvation, the epididymal
fat-pads were removed while the animals were under
light ether anaesthesia. Fat-cells were isolated from
the fat-pads as described previously (Cryer et al.,
1975b).

Incubation offat-cells. In all the experiments, the
cells were incubated in the serum-based medium
described previously (Cryer et al., 1975b). In cases
where heparin was omitted from the medium, the
volume of water present was adjusted accordingly.
When present, freshly prepared solutions of cyclo-
heximide and colchicine also replaced equivalent
volumes of water. The colchicine was present in the
medium at a concentration (0.1 mM) that previous
work has shown is generally without effect on protein
synthesis (Ehrlich et al., 1974; Redman et al., 1975).
The sources of all other materials were as described
previously (Cryer et al., 1975b). Colchicine was
obtained from Sigma Chemical Co., London S.W.6,
U.K.
Assay of clearing-factor lipase. Assays of the

enzyme in fat-cells and in incubation media were
carried out as described previously (Cryer et al.,
1975b). The assays of the enzyme in the medium were
performed immediately after the end of the incuba-
tions. Those of the fat-ell enzyme were carried out
in homogenates of acetone-ether-dried preparations
made at the end of the incubations and then stored
overnight at -20°C. The final heparin concentration
in all the assays was 0.7 unit/ml. Colchicine had no
detectable effect on the assay ofenzyme activity.
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Results

When fat-cells are incubated in the presence of
glucose and insulin in a serum-based medium at
25°C, the total clearing-factor lipase activity' of the
incubation system rises progressively over aperiod of
several hours (Robinson & Wing, 1971). If heparin is
also a component of the incubation medium, all of
the rise in total activity is accounted for by the
activity of enzyme that appears -in the incubation
medium and the cell activity remains essentially
unchanged. In the absence of heparin, on the other
hand, although the extent of the rise in the total
enzyme activity of the incubation system is similar,
much less enzyme appears in the medium and most
of the increase in activity takes place in the fat-cells
(Cryer et al., 1975b).
The results in Fig. 1(a) show that there is a marked

diminution in the rise in the enzyme activity in
the medium that occurs during incubations carried
out in the presence of heparin when colchicine is also
present in the incubation medium. The. effect is
evident within 1 hand persists for at least 3 h. Although
the results of only a single experiment ar} shown in
Fig 1, the findings have been confirmed-in additional
experiments carried out under similar incubation

conditions.- Thus in four separate experiments, each
of which involved the incubation of fat-cells from
12 fat-pads in the presence of heparin, the enzyme
activity present in the medium after 3h at 25°C was
4.4 ± 0.33 (mean ± S.D.) units (umol of free fatty
acidfh)/fat-pad equivalent when colchicine was
absent and 1.3 ± 0.28 units/fat-pad equivalent in its
presence. The diminution in the rise in enzyme
activity in the medium when colchicine was present
was significant at theP 0.001 level.

Experiments have also been carried out that are
identical with those in Fig. l(a) except for the
absence of heparin from the incubation medium. In
these the much lower activity appearing in the
medium was not affected in the presence ofcolchicine,
activities in the mediun after 3h being respectively
1.4± 0.2 and 1.3 + 0.2 units/fat-pad equivalent in the
presence of colchicine (mean± S.). for three separate
experiments).
At concentrations that have been shown to inhibit

protein synthesis in the fat-cell by more than 90°,
cycloheximide inhibits the rise in total clearing-factor
lipase activity that occurs during fat-ell incubations
such as those -described above (Cryer et al., 1975b).
However, its action is restricted to an effect on the
activity of the enzyme in the fat-cell. Thus, during
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Fig. 1. Effects ofcokhicino on the increases in clearing-factor lipase activity in the Medium occurring duringfat-cell incubations
at 250C in the#bsence and in the presence oftcycloheximide

All the- incubation media contained glucose (13.3mM), insulin (12m-i.u./ml), heparin (2.4units/ml) and dialysed serum
(48%, v/v). The composition has been described in detail previously (Cryer et al., 1975b). Colchicine (0.1 mM) was either
absent from (o) or present in (@) the media. Figs. l(a) and 1(b) respectively refer to incubations carried out in the absence
and in the presnce of cyloheximide (lOpglml). In each incubation, fat-cells derived from 12 fat-pad& were used and the
volume of the medium was 36ml. Portions ofthe media were removedqat intervals, and the clearingfactor lipase activity was
determined after removal of the fat-cells by flotation in the centrifuge (1 min at lOOOg). The values shown are the means of
duplicate asays in each case. Figs. 1(a) and 1(b) show the results of a single set of incubations -whirh constituted a single
experiment, T nwmbr are of experiments eried out described der: 'Results:.
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incubatlons in the presence ofUheparin and _yclo.
heximidO, the fat-cell activity falls instead of minain-
ing constant, but the rise in the activity in the Wicuba-
tion medium is unchanged. The results in Fig. 1(b)
show that this rise in activity in the m}ediui, like
that whih occurs in the abseme of cycioheximide
(Fig. la), is also considerably diminished when
colchicine is present in the medium. Thus. for three
separate experiments, carried out essentially as
above, but in the presence of cyclohexilide and
heparin, colchicine diminished the activity in the
medium fronm 4.0±0.4 to 1.1±0.3 units/fat-pad
equivalent (P<0.001).
During incubations in the absence of heparin,

cycloheximide again affects only the cell ativity.
Thus it diminishes the inQrease in cell activity that
occurs in its absence, but is without effect on the
much lower activity that appears in the incubation
'medium (Cryer et al., 1975b). This lowuctivity is also
unchanged when colchicine is present. For example,
in experiments identical with those in Fig. 1(b) except
for the .omission of heparin,. the activities in the
medium at 3h were respectively 1.3 and 1.1IUnits/fat-
.pad.equivalent in the presence and in the absence of
colchicine (mean values oftwo separate experiments).
The cdearing-factor lipase activitis of the fat.cells

were also determined in the above experiments. In
all cases colchicine had no marked effect on these.
Thus the rise in the fat-cell activity that occurred
during incubations in the absence of heparin also
took place when colchicine was present in the
incubation medium, the cell activities after 3 h incuba-
tions in the absence and in the presence of colchicine
being respectively 133 and 138% of the initial values.
During incubations in the presence of heparin, the
cell activity remained constant whether colchicine
was present or absent, the activities after 3 h being
respectively 104 and 100% of the initial ones. Col-
chicine also had no effect on the cell activities during
incubations in the presence of cycloheximide. In the
absence ofheparin they remained constant, and in the
presence of heparin they fell after 3h incubations in
the absence and in the presence of colchicine respec-
tively to 85 and 87% of the initial values.

Discussion

The inhibition by colchicine of the secretion of a
variety of proteins from cells is widely attributed to
its ability to interfere with intracellular transport
mechanisms involving the microtubular system of the
cells (Lacy et al., 1968; Butcher & Goldman, 1972;
Rossignol etal., 1972; Le Marchand etal., 1973,1974;
Ehrlich et a!., 1974; Stein eta!., 1974; Redmanlet al.,
1975). Recent work has shown the existence of such
systems in isolated fat-cells (Soifer et al., 1971). The
present findings that the release of clearing-factor
lipase from the fat-cell that occurs during incubations
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caried out in ther ce of heparin is inhibited by
colchicine is thO'toe conenst,nt with mikrotubule
involvement in this process. Moreover, the possi-
bility that the action of colchicine is secondary to an
effect on protein gynthesisisexcliidedbytgpefsistence
during incubations. carried out under conditions
where protein synthesis is almost entitely inhibited.

Recent studies have shown that in a variOty of
tisssues colchicdtie may interfere w.ith intracellular
processes other than thoSe involving microtubules
(Mizel & Wilson, 1972; Orr et at., 1972; Douglas &
.Sorimachi, 1972; Trifaro et a!. 1972). However, no
marked inttacellular metabolic effects have ben
observed in work with' fat-ces at colchicine con-
centrations similar to those used here (Soifer et al.
1971; Loten & Jeanrenaud, 1974; Schimiel, 1974;
Cheng & Katsoyannis, 1975).- Moreover, in the
present study colchicine was without effect on the
increase in cellular clearing-factor lipase activity that
occurred during fat-cell incubations in the absence of
heparin. Although further evidence 'for direct
microtubule involvement in the release of the enzyme
from the fat-cell in response to heparin is clearly
Fequired, therefore, it does appear that the effect of
colchicine now observed is specilically on the
transportofthe enzyme out ofthe fat-cell. This would
not be inconsistent with the work ofSimmel (1974)
and Cheng & Katsoyannis (1975), which focuses
attention on the fat-cell plasma membrane as the site
of colchicine's actions.
The present findings also suggest that the action of

colchicine in diminishing the release of clearing-
factor lipase from the endothelial cell by heparin (see
the introduction) is an indirect one that is exerted on
the transport of the enzyme from its cellular pre-
cursor site. Whether the release of clearing-factor
lipase from the fat-cell and from the endothelial cell
by heparin occurs by identical mechanisms is not
clear. However, it is noteworthy that there is already
good evidence that heparin has a general affinity for
the enzyme (Robinson, 1970).
The fact that, when the release from the fat-cell is

inhibited by colchicine during incubations in the
presence of heparin, there is no build-up of enzyme
in the cell, such as occurs during incubations in
heparin's absence, also requires explanation. It may
be that the changes in the activities in the cell and in the
medium are not directly related, as has previously
been suggested (Cryer et al., 1975b), and in this
connexion it is important to emphasize that different
forms of clearing-factor lipase have been identified
both in intact adipose tissue (Schotz & Garfinkel,
1972; Garfinkel & Schotz, 1973; Davies et al., 1974)
and in isolated fat-cells (Cryer et al., 1975b). The
possibility that the form of the enzyme that is capable
of being released by heparin may be different from
that which accumulates in the cell can clearly not be
excluded (Cryer et al., 1975a).
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