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Abstract

Lipoprotein lipase activity in adipose tissue and muscle is modulatesy words
by changes in the pattern of food intake. We have measured tet@rdiac lipoprotein
lipoprotein lipase activity in adipose tissue and muscle of male Wistdipase
rats (N = 6-10), weighing 200-250 g (~12 weeks), during the refeed?dipose tissue lipoprotein
ing/fasting state following 24 h of fasting. Lipoprotein lipase activity liPase
in tissue homogenates was evaluated usirigiletfiolein-containing * S.keletal r.nus.de
. lipoprotein lipase
substrate, and releasé#]-free fatty acids were extracted and quan- Fasting
tified by liquid scintillation. Adipose tissue lipoprotein lipase activity  —~
did not completely recover within 2 h of refeeding (60% of refeéd
libitum values). Cardiac lipoprotein lipase activity remained increased
even 2 h after refeeding (100% of regatlibitumvalues), whereas no
significant changes were observed in the soleus and diaphragm muscles.
Adipose tissue lipoprotein lipase activities were consistently higher
than the highest skeletal muscle or heart values. It is therefore likely
that adipose tissue, rather than muscle makes the major contribution to
triacylglycerol clearance. There was concomitant relatively high lipo-
protein lipase activity in both adipose tissue and cardiac muscle during
the first few hours of refeeding, therefore cardiac muscle may contri-
bute significantly to triacylglycerol clearance during this period. The
results suggest that during fasting, increased lipoprotein lipase activity
provides a complementary source of free fatty acids from circulating
triacylglycerol, allowing the heart to maintain its continuous, high-
energy expenditure.

Lipoprotein lipase (LPL; EC 3.1.1.34) proteoglycan chains on endothelial cells (1).
hydrolyzes the triacylglycerol (TAG) mol- Attached to the endothelium, the enzyme
ecules present in circulating lipoproteins tdhydrolyzes TAG-rich lipoproteins and this
provide free fatty acids (FFA) and monoacf{raction of the enzyme is referred to as the
ylglycerol to be utilized by tissue. LPL is functional fraction and can be released from
synthesized in the parenchymal cells of exits binding sites by heparin (2-5). LPL activ-
tra-hepatic tissues, including adipose tissudty can be altered in a tissue-specific manner,
cardiac and skeletal muscle, and is translavhich is physiologically important because
cated to its physiological site of action in thet directs fatty acid utilization according to
capillaries, where it binds to heparan sulfatéhe demands of individual tissues, so that the
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degradation of TAG-rich lipoproteins can befor 2 h (in order to synchronize the eating
targeted to specific sites. The highest activipatterns of all animals) and sacrificed 0 (N =
ties are found in tissues that oxidize (heai®) or 4 h (N = 6) after refeeding (fasted/refed
and red skeletal muscle) and esterify (adi® h or fasted/refed 4 h). LPL activity was
pose tissue) large quantities of fatty acidsneasured in epididymal adipose tissue and
(5). in soleus, diaphragm and heart muscle ho-
Of the several hormones involved in LPLmogenates (12) using &H]-triolein-con-
modulation, insulin has been shown to cortaining substrate emulsified with lecithin (13)
relate positively with enzyme activity in adi- and containing 24-h fasted rat plasma as a
pose tissue and negatively with its activity insource of apo £ The reaction was stopped
skeletal muscle and heart (4). Other studidsy the addition of a mixture of chloroform-
also have shown that LPL regulation is oftermethanol-heptane (14), and releas#d]-[
opposite in adipose tissue and muscle iRFA were separated and quantified by liquid
response to the same nutritional treatmenscintillation. Activity was expressed as pmol
Starvation is associated with a decrease IRFA released-h mg proteirt. Protein con-
LPL activity in adipose tissue (2-9) and artent of the homogenates was measured by
increase in heart and oxidative skeletalhe method of Lowry et al. (15).
muscle (2-6,8). However, this common re- The results of the present study confirm
ciprocal regulation of LPL may not be aand extend earlier observations concerning
general rule since cardiac muscle LPL activthe effect of fasting/refeeding on LPL activ-
ity was shown to be regulated in the samiy in muscle and adipose tissue. As can be
direction as the adipose tissue LPL activityseen in Figure 1A, LPL activity decreased in
in underfed ewes (10) and was unaffected irat epididymal adipose tissue following a
starved guinea pigs (11). Although an in24-h fast and extending the starvation period
crease in skeletal muscle LPL activity infrom 24 to 48 h did not produce any further
starved rats has been generally reported (2hanges. After rats were refeed for 2 h, their
8), a lack of variation has also been deLPL activity increased to 36% that of starved
scribed (4,6,7,10,11) depending on experirats independently of whether the animals
mental conditions, and noticeably for starvawere sacrificed immediately or 4 h after
tion duration (9). The evidence that LPLrefeeding, suggesting that LPL activity can
activity is an important determinant of thequickly be increased to handle and store the
ability of tissues to remove TAG from theingested lipid. However, it was apparent that
circulation has been reviewed extensivelyl. PL in epididymal adipose tissue was resis-
however, most of these studies examinetant to complete re-activation within 2 h of
adipose and muscle LPL regulation at onlyefeeding (Figure 1A). It is likely that alter-
one point in time after long-term refeedingations in LPL specific activity contribute to
or food restriction. Thus, the present studyhe observed effects, since it was demon-
was designed to compare heart, skeletakrated that LPL degradation is faster in adi-
muscle and adipose tissue LPL activitiepocytes of starved rats (~19 h) compared
during short- and long-term fasting/refeedwith fed rats, and the synthesis of the en-
ing periods. zyme was unchanged during this time (9). In
Male Wistar rats weighing 200-250 gaddition, insulin is thought to be of major
were sampled in the fed state at the end of thmportance in eliciting the macronutrient-
dark phasedad libitumfed controls, N = 10), specific changes in LPL activity in response
after starvation (fasted 24 h, N = 10 ando food intake and a striking correlation be-
fasted 48 h, N = 6), or after starvation for 24ween the pattern of changes in adipose tis-
h followed by the provision of standard chowsue LPL activities and plasma insulin con-
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centrations has been reported (4,8). 15 .
The activity of the cardiac enzyme re- A Adipose tissue B Heart
mained significantly higher (similar to fast- 12 o 5

ing values) after 2 h of refeeding and signifi- L I

cant suppression of enzyme activity was elic 9l ==
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heart during this period. Recent evidenc
suggests that the ability of the heart vascule Ls- .
endothelium to bind LPL changes with fast- C Soleus >[D Diaphragm

ing (16). These studies showed that the frau
tion of injected'?d-labeled bovine LPL that

bound in the heart was higher in fasted tha ~ o9}
in fed rats in isolated hearts and this wa
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within 1 h after fat feeding (17). These stud 00

ies suggest that during short-term refeedin '

the functional fraction of cardiac LPL is still [ Starved for 48 h B Refed/fasted 4 h
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active in the capillary endothelium.
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Variations in the LPL activities of soleus

and diaphragm muscles were not so clear

and no significant differences were Obsewe&'gure 1. Lipoprotein lipase (LPL) activities in epididymal adipose tissue (A) and in heart (B),
soleus (C) and diaphragm (D) muscles during progressive starvation and refeeding after 24-

independemly of faSting/refeeding state (Figﬁ starvation. Tissue LPL activities (mean + SEM) were measured in homogenates obtained
ure 1C,D). One mediator that may be posturom Wistar rats starved for 48 h (N = 6), starved for 24 h (N = 10), refed/fasted 0 h (N = 6),

lated to regulate LPL activity during differ- refed/fasted 4 h (N = 6), and refed ad libitum (N = 10). *P<0.05 for starved vs refed groups;

-, L . . **P<0.05 vs other groups (unpaired Student t-test).
ent nutritional states is insulin (4,18), and it groups (unp )

is possible that postprandial fluctuations in
insulin concentrations may have to reach
some threshold of magnitude to affect muscleue LPL activity after 24 h of starvation and
LPL activity. This is supported by the factthe partial restoration of enzyme activity
that ingestion of a high-fat diet, which elicitswithin 2 h of refeeding occurred concomi-
a smaller insulin increase than a high-carbdantly with unchanged cardiac LPL activity a
hydrate diet, was followed by much smallefew hours after refeeding. Therefore, during
changes in LPL in the muscle tissues exanthis period, the activities in adipose tissue
ined (18). Taken together, the results suggeand heart are comparable and cardiac muscle
that skeletal muscle LPL is less sensitive thPL may contribute significantly to TAG
common regulatory factors than cardiac LPLclearance during the first few hours of re-
Interestingly, the decline in adipose tisfeeding following 24 h of starvation.
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