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Abstract-We examined the effects of the in uiuo administration of ethanol on lipolytic activities assayed 
in rat post-heparin heart effluents, that hydrolyse tri-, di- and monoacylglycerol. Properties 
of triacylglycerol lipase (TAGL) are typical of lipoprotein lipase (LPL) whereas diacylglycerol (DAGL) 
and monoacylglycerol (MAGL) lipase activities hydrolyse sequentially the products of LPL action. After 
15 days of ethanol intake, TAGL, DAGL and MAGL activities in post-heparin heart effluents were 
decreased respectively by 25, 38 and 22%; after 30 days, the decreases amounted to 81, 79 and 71%. 
After 30 days, but not after 15 days, ethanol increased the levels of triacylglycerol in plasma. Ethanol 
intake concomitantly decreased TAGL and DAGL activities in post-heparin effluents and in heart tissue 
extracts, whereas MAGL activity was decreased only in the latter extracts. We conclude that ethanol 
intake causes a marked impairment in heart LPL and in two closely-related heparin-releasable activities, 
seemingly by altering the production of a catalytically active enzyme. A distinct heparin-unreleasable 
MAGL appears to exist in heart, that could be ethanol-insensitive. Overall, the results suggest that a 
LPL-related alteration in fatty acid supply could contribute to the toxicity of ethanol in heart. 

Fatty acids circulating in plasma either as free acid 
or as triacylglycerol represent major substrates for 
myocardial energy metabolism [l, 21. The removal 
of acyl chains from circulating triacylglycerol is 
regulated via the activity of lipoprotein lipase (EC 
3.1.1.34, LPL), a triacylglycerol acylhydrolase 
synthesized in myocardial parenchymal cells [3,4]. 
The functional fraction of this secretory emzyme 
exerts its catalytic activity as the luminal surface of 
the vascular endothelium, from which it can be 
released by heparin [5]. LPL preferentially splits the 
ester bond at the position sn-1 of its triacylglycerol 
substrate but seems to be also active toward other 
fatty esters (61. This apparent broad specificity is 
consistent with the assay in post-heparin heart 
effluents of three activities that are located at the 
same endothelial site, where they catalyse sequential 
reactions in the hydrolysis of triacylglycerol [7]. 
Triacylglycerol lipase (TAGL) exhibits all of the 
highly regulatory properties of LPL, whereas 
diacylglycerol (DAGL) and monoacylclycerol 
(MAGL) lipase activities exhibit a lesser functional 
dependence on nutritional stimuli [8]. The three 
activities appear to have similar properties in male 
and female animals. 

Chronic alcoholism is associated with numerous 
disorders in many organs. Alterations resulting from 
ethanol metabolism are invoked as a possible cause 
for chronic alcohol-associated diseases via the 
initial and highly reactive metabolite of ethanol, 
acetaldehyde, or other oxidative products [9]. 
Alternatively, ethanol can interact directly with the 
cell membrane [lo], resulting in alterations of 
membrane functions, namely changes in activities of 
membrane-bound enzymes such as (Na,K)-ATPase 
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[ 111, adenylate cyclase [12] or monoacylglycerol 
lipase [ 131. 

In the present experiments, we have searched for 
an influence of the in vivo administration of ethanol 
on the TAGL, DAGL and MAGL activities released 
from isolated heart preparations upon heparin 
infusion. We have also investigated an alcohol effect 
on the residual lipolytic activities assayed in heart 
tissue homogenates. 

MATERIALS AND METHODS 

Isolated rat heart preparation. Female Sprague- 
Dawley rats (IFFA-CREDO, 69120 L’Arbresle, 
France) weighing approximately 160 g were main- 
tained at 22” on a 1200:1200 light-dark cycle. They 
were fed food pellets (A04, UAR, 91360 Epinay 
sur Orge, France) containing, by weight, 5% lipid, 
49.5% carbohydrate and 25% protein; rats were 
allowed to acclimate to their environmental 
conditions for at least 2 weeks before beginning 
ethanol administration. All animals were food- and 
water-deprived for 24 hr at the start of the 
experiments, in order to improve the subsequent 
ingestion of ethanol-supplemented drinking water 
[14]. At the end of the deprivation period, the rats 
were divided in two groups. In group A, rats had 
free access to the standard diet and to a drinking 
solution of ethanol in water at 10% (v/v) for 5 days, 
then at 20% for 10 or 25 additional days, as indicated. 
The volumes of drinking solution ingested were 
measured daily; on average, they mounted to 27 & 5 
vs 32 2 4 ml/day in ethanol-fed and control animals, 
respectively. On this basis, we estimated the average 
ethanol intake to be 12 f 3 g/kg body weight per 
day and per animal at the 20% regimen. Control 
groups were treated identically except that ethanol 
was not added to the drinking water. A current 
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practice is that in experiments where rats receive 
ethanol mixed with a totally liquid diet, the 
control animals are supplemented isocalorically with 
carbohydrates. With our standard food regimen and 
during the relatively short periods (15-30 days) of 
ethanol feeding, body weight gains were similar in 
the two rat groups. The mean food intakes, estimated 
to be equivalent to 48 * 7.2 and 5.5 ‘- 8.9 kcal per 
day and per animal in control and treated rats, 
respectively, did not significantly differ (P > 0.05). 
As observed by others [ 151, pair feeding the animals 
turned out to be inappropriate because ethanol-fed 
rats tended to consume their diet steadily throughout 
the 24 hr period while animals fed the control 
diet consumed it during the first hours after 
administration. Such changes in feeding schedule 
might alter LPL activity, that is known to be 
diminished postprandially in heart and muscle 
compared with adipose tissue [16]. 

During alcoholic treatment, mean (* SD) plasma 
levels of ethanol measured at the end of the feeding 
period (between 9 and 11 a.m.) was 9.6 ? 6.9 mM 
(N = 12). At the end of the experimental period, 
rats were killed by decapitation under light 
anesthesia (pentobarbital 25 mg/kg body weight, 
intraperitonally) after a 12 hr fast during which 
animals were given only ethanol-free drinking water. 
This deprivation period before killing aimed at again 
preventing any change in heart LPL activity, which 
could be due to nutritional factors. 

After killing, the hearts were immediately removed 
and perfused (5 mL/min) without recycling via the 
aorta in the Langendorff mode [17] at a constant 
temperature of 37” and a constant pressure of 80 mm 
Hg, in order to rinse the vascular bed. The perfusion 
medium was a Krebs-Henseleit buffer at pH 7.4 
(KHB) containing 1% (w/v) serum albumin. After 
4 min. a recirculating perfusion (flow rate, 10 mL/ 
min) was continued for another 4 min with 5 mL of 
buffer KHB containing 16 units/ml heparin (160 
units/ml, Schuchart, Buchs. Switzerland). The 
heparin effluent was collected, centrifuged at 4” for 
3 min at 2000 g and immediately assayed for lipase 
activities. During all the perfusion procedure. the 
release of lactic dehydrogenase [18] in the effluents 
did not exceed 1% of the total heart tissue activity. 
In some experiments, the heparin-perfused hearts 
were chilled, trimmed of adherent fat, weighed and 
homogenized in buffer KHB (4 mL/g). Homogenates 
were centrifuged (9000 g for 20 min at 4”), and the 
supernatants were used as the enzyme sources. No 
ethanol was detectable in the heart effluents or in 
the heart tissue preparations used for the enzyme 
assays. 

Assay of enzymatic actiuities. Tri-(9,10-3H]- 
oleoylglycerol (1.0 Ci/mmol) and [9,10-3H]oleic 
acid (10 Ci/mmol) were purchased from Amersham 
International (Amersham. U.K.). Di-[9,10-3H]- 
oleoylglycerol and mono-[9,10-3H]oleolylglycerol 
were synthesized and purified in the laboratory by 
conventional methods. Radiolabelled fatty esters 
used as the substrates were obtained >98% 
radiochemically pure as checked by scanning in a 
Berthold TLC-Trace master model LB 282 (BAI. 
Elancourt, France). Dioleoylglycerol had a com- 
position of about 40% 1,2- and 60% 1.3-diacyl-sn- 
glycerols: monooleoylglycerol was - 90% l(3) 

monoleoyl-sn-glycerol. Prior to assay, the substrate 
mixtures were sonicated (approx. 30 W) at room 
temperature [7]. 

TAGL activity was assayed for 1.5 min in Fain’s 
medium [19] containing 20 mM Hepes instead of 
sodium phosphate, to which was added 1% (w/v) 
defatted albumin (fraction V. Boehringer, 
Mannheim, F.R.G.) at pH 8.0 (buffer A). To this 
medium were addedemulsified tri-[3H]oleoylglycerol 
(1 mM) as the substrate and 0.1 mL of heart perfusate 
(- 0.05 mg protein) or 0.05 mL of heart tissue extract 
(- 0.3 mg protein) as the enzyme sources. in a final 
volume of 1 mL at 37”. TAGL assays were 
concomitantly performed with and without addition 
of fasted rat serum (10% by vol) inactivated for 
20 min at 55” as source of cofactor apolipoprotein 
C-II [6]. After 20 min of incubation, the amount of 
[3H]oleic acid released was extracted by a liquid- 
liquid partition system and quantified as previously 
described [20]. Differences between the rates of fatty 
acid release in serum-activated and serum-free media 
expressed serum-dependent TAGL, referred to as 
LPL activity. DAGL and MAGL lipase activities 
were assayed for 15 min at 37” in buffer A 
containing emulsified di-[3H]oleoglycerol or mono- 
(3H]oleoylglycerol. respectively, as the substrates 
(1 mM) at pH 7.4: for these assays no serum was 
added as cofactor. After incubation, the assay media 
were treated as for the TAGL assay. All assays were 
linear with time and were carried out at least in 
duplicate. One milliunit (munit) of lipase activity 
corresponds to the release of one nmole of acid per 
min. 

Other experimental procedures. Protein con- 
centration was determined by the method of Lowry 
et al. [21]. Triacylglycerol. ethanol and insulin 
concentrations were determined by enzymatic 
procedures (respectively Diagnostica-Merck. Darm- 
stadt, F.R.G.; Sigma Diagnostics, St Louis. MO, 
U.S.A. and CIS international. Saclay. France). 

Expression of results. Results were expressed as 
mean + SD. Values obtained for the ethanol-fed 
and control groups were compared by the Dunnett’s 
t-test, using the statistical analysis program Statview 
512 (Brain Power Inc.. Calabasas, CA. U.S.A.). P 
values CO.05 were considered as significant. 

RESULTS 

Ethanol-fed rats initially exhibited a slight (<lo%) 
decrease in body weight gain but at the end of the 
experiments, there was no significant difference in 
body weight between ethanol-fed and control 
animals, whether ethanol had been administered for 
15 or 30 days. The ratio of heart weight to body 
weight was unchanged in rats treated with ethanol 
for 15 days but was slightly increased after 30 days 
(0.42 vs 0.46% in control rats, P < 0.01; N = 6). 
Compared to control values, ethanol administered 
for 30 days produced an increase in plasma 
triacylglycerol levels from 0.46 ? 0.09 to 
0.65 + 0.11 g/L (P < 0.001, N = 6) but no increase 
was observed after 15 days (Fig. 1). Control values 
for TAGL, DAGL and MAGL activities were 
56 ? 8.9, 46 2 7.3 and 36 ? 1.7 mUnits/mL of post- 
heparin heart effluent, respectively: the intake of 
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Fig. 1. Mean (& SE) changes in plasma triacylglycerol 
concentration after ethanol intake for the number of days 
indicated under each column are expressed as per cent of 
a control (C) value of 0.46 rt 0.09 mg/mL. Six rats 

~ntributed to each group. *, P < 0.01 vs C value. 
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Fig. 2. Mean (2 SE) changes in triacytglycerol (TAGL), 
diacylglycerol (DAGL) and monoacylglycerol (MAGL) 
activities measured in post-heparin heart effluents after 
ethanol intake for the number of days indicated in each 
column. Values are expressed as per cent of control (C) 
values. Six rats contributed to each group. *, P < 0.05; **, 

P < 0.01; ***, P < 0.001 vs C value. 

ethanol decreased the values respectively by 25, 38 
and 22% after 1.5 days and by 81, 79 and 71% after 
30 days (Fig. 2). 

It could be excluded that the activity decreases 
represented a physiological response to a nutritional 
stimulus: the ethanol-fed rats were well in fasted 
state at the time of killing, as ascertained by 
measuring their mean plasma insulin concentration, 
which was similar to that of control animals (87 2 11 
vs 83 + IOpM, respectively; P>O.l, N = 6). To 
explore the possibility that ethanol could diminish 
the amount of heparin-releasable activities by acting 
directly on the enzyme at its endothelial site, ethanol 
was infused (10 mL/min) for 5 min to the perfusion 
system at concentration up to 0.1 M in buffer A. 
The ethanol perfusion neither released by itself any 
one of the three activities, nor reduced their Ievels 
as assayed in the heart -effluents following the 
perfusion of heparin (16 units/ml) immediately after 
completion of the ethanol infusion (data not shown). 

Another potential mechanism for producing 
changes in heparin-released activities was ethanol- 
induced alterations of synthesis and/or processing 

TAGL DAGL 
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Fig. 3. Mean (rt SE) changes in lipolytic activities assayed 
in heart tissue extracts after 30 days of ethanol intake. 
Abbreviations as in the legend of Fig. 2. Six rats contributed 
to each group. *, P < 0.01; **, P < 0.001 vs C values; N.S., 

not significant. 

of the enzyme in heart tissue. We therefore 
determined the amounts of lipolytic activities in 
heart tissue extracts prepared immediately after 
heparin infusion in rats exposed to ethanol for 30 
days. Compared to control levels, TAGL and DAGL 
activities in the homogenates were found to be 
decreased by respectively 65 and 58%, whereas 
MAGL activity was unchanged (Fig. 3); the results 
were similar whether the values were expressed per 
mg protein in the extracts or per g heart tissue. 
Finally, it was ascertained that ethanol added directly 
to the assay medium at concentration up to O.lM 
had no effect on TAGL, DAGL or MAGL activities. 

DISCUSSION 

Our knowledge of the effects of alcohol on LPL 
is very ~a~entary. In human subjects, LPL activity 
assayed toward t~a~yl~ycero1 in adipose tissue [22] 
or in post-heparin plasma [23-251 has been reported 
to be unchanged after acute administration of 
ethanol; in one study after chronic intake [26], LPL 
activity has been found to be increased in post- 
heparin plasma. In rat heart, no alcohol-induced 
changes have been reported in LPL activity as 
assayed either in tissue homogenates after acute 
administration [U] or in acetone powders after 
chronic intake [28]. 

For the first time, the influence of ethanol on 
heart LPL has been explored using a heart 
preparation which may be regarded as an integrated 
model approaching physiolo~cal conditions more 
closely than do tissue extracts. Moreover, the ethanol 
effect was measured comparatively on three closely 
related activities of the LPL system. The results 
unequivocally indicate that the administration of 
ethanol impairs the efficiency of the whole enzyme 
complex since the three activities assayed in the 
post-hepa~n heart effluents were lower in ethanol- 
fed than in control rats. Clearly, these decreases 
were not merely caused in the assay systems by a 
nucleophilic competition of ethanol toward the 
formation of the enzyme-substrate complex, as was 
described for alcohols added to hydrolytic reaction 
mixtures [29]. We have verified that: (1) the lipolytic 
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assays were performed in the absence of detectable 
amounts of ethanol, and (2) exogenous ethanol 
added to the assay medium at concentration up to 
0.1 M had no effect on any of the three activities. 

It is noteworthy that, after 30 days of ethanol 
intake, the activity decreases were associated with 
an increase in triacylglycerol concentration in blood. 
This latter change is one of the most frequent 
metabolic side effects induced by alcohol, mainly 
via the increased hepatic production of triacyl- 
glycerol-rich very low-density lipoproteins [30]. Since 
the heart LPL levels are physiologically low when 
triacylglycerol-rich lipoproteins increase post- 
prandially [16], the ethanol-induced enzymic changes 
could have been related to the triacylglycerol 
increase. However. the enzymic decreases were 
clearly measurable after 15 days of ethanol 
administration, at which time no triacylglycerol 
change occurred in blood, suggesting that there is 
no direct and causal relationship between the two 
metabolic events. 

Alternatively, the data indicate that ethanol intake 
decreased in a comparable manner TAGL and 
DAGL activities in post-heparin effluents and in 
heart tissue, suggesting that ethanol primarily impairs 
the production of LPL in heart. There is little 
knowledge of the mechanisms that govern the 
production of catalytically active LPL in cardio- 
myocytes. From current studies carried out in 
adipocytes, LPL is thought to be localized in an 
inactive form in the endoplasmic reticulum, and 
then activated via the acquisition of N-linked 
oligosaccharide chains in the Golgi apparatus 
[31,32]. The overall mechanism of the trans- 
endothelial enzyme export remains largely unknown. 
Hence, the question of how ethanol may alter the 
production of these lipolytic activities in the heart 
cannot be at present answered. Interestingly, 
experimental ethanol feeding has been shown to 
produce in liver acetaldehyde-induced impairment 
of the protein secretion as well as alterations in 
enzyme activities, possibly due to binding with 
critical functional groups [9]. Whether a comparable 
mechanism may operate in heart is at present 
uncertain, although decreased protein synthesis has 
been described in alcoholic cardiomyopathy [33]. 

In contrast to TAGL and DAGL, MAGL appears 
to respond to ethanol differently as assayed in post- 
heparin effluents, where it is decreased, and in tissue 
extracts, where it is unchanged. This difference is 
consonant with other physical and kinetic features 
that tend to differentiate MAGL form TAGL and 
DAGLin heart [7,8,34,35]. MAGLactivityassayed 
in heart tissue extracts might correspond, at least in 
part, to the lipase characterized long ago in heart 
by Yamamoto and Drummond [36] that hydrolyses 
specifically monoacylglycerol and is not releasable 
by heparin. In turn, MAGL activity in post-heparin 
effluents seems to represent an intrinsic activity of 
LPL, that amounts to approx. one-third of its TAGL 
activity [7,37]. Thus, the occurrence in heart of two 
different MAGL enzymes is likely to explain the 
observed difference in response to ethanol. 

This study examined heart lipolytic activities in 
rats treated for 15 and 30 days. It is certainly possible 
that activity levels could be modified to different 

degrees after more prolonged ethanol administration. 
In any case, we have observed that the activity 
decreases persist at least after 2 months of ethanol 
administration, although to a slightly lesser extent 
than after 1 month (data not shown). 

Chronic alcoholism causes myocardial dysfunction 
[9,38,39]. The present results, obtained with blood 
levels of ethanol well within those compatible with 
life (generally < 0.1 M) suggest that alteration in the 
fatty acid supply due to impairment of the LPL 
system could be, among others a possible factor of 
the cardiac toxicity of alcohol. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Neely JR and Morgan HE, Relationship between 
carbohydrate and lipid metabolism and the energy 
balance of heart muscle. Annu Rev Physiol 36: 413- 
459, 1974. 
Palmer WK and Kane TA, Hormone-stimulated 
lipolysis in cardiac myocytes. Biochem J 216: 241-243, 
1983. 
Blanchette-Mackie EJ, Masuno H. Dwyer NK, 
Olivecrona T and Scow RO, Transport of lipoprotein 
lipase in heart of young mice: electron-microscopic 
immunolocalization of the lipase in myocytes and 
capillary endothelium. Am J Physiol256: E818-E828, 
1989: 
Camps L. Reina M. Llobera M. Vilaro S and Olivecrona 
T. Lipoprotein lipase: cellular origin and functional 
distribution. Am J Physiol258: C673-C681, 1990. 
Borensztajn J and Robinson DS, The effect of fasting 
on the utilization of chylomicron triglyceride fatty acids 
in relation to clearing factor lipase (lipoprotein lipase) 
releasable by heparin in the perfused rat heart. J Lipid 
Res 11: 111-117. 1970. 
Nilsson-Ehle P. Garfinkel AS and Schotz MC, Lipolytic 
enzymes and plasma lipoprotein metabolism. Annu 
Rev Biochem 49: 667-693, 1980. 
Benkirane M, Meignen JM, Boyer J and Verine A, 
Lipoprotein lipase in rat heart. I. Characterization of 
tri-. di- and monoacylglycerol lipase activities in post- 
heparin effluents. Comp Biochem Physiol94B: 13-18, 
1989. 
Verine A, Benkirane M. Meignen JM and Boyer J. 
Lipoprotein lipase in rat heart II. Influence of 
apolipoproteins and nutritional factors on tri-. di- and 
monoacylglycerol lipase activities in post-heparin 
effluents. Comp Biochem Physiol94B: 19-25. 1989. 
Lieber CS, Biochemical and molecular basis of alcohol- 
induced injury to liver and other tissues. N EnglJ Med 
319: 1639-1650. 1989. 
Taraschi TF and Rubin E, Effects of ethanol on 
the chemical and structural properties of biologic 
membranes. Lab Invest 52: 120-131. 1985. 
Zysset Y. Polokoff MA and Simon FR, Effect of 
chronic ethanol administration on enzyme and lipid 
properties of liver plasma membranes in long and short 
sleep mice. Heparology 5: 531-537, 1985. 
French SN, Palmer DS, Narod ME, Reid PE and 
Ramey CW, Noradrenergic sensitivity of the cerebral 
cortex after chronic ethanol ingestion and withdrawal. 
J Pharmacol Exp Ther 194: 319-326. 1975. 
Somma-Delptrd C. Gastaldi M, Verine A. Campistron 
M and Boyer J, Increased monoester lipase activity of 
red blood cells in alcoholism. Alcoholism: Clin Exp 
Res 10: 602-605, 1986. 
Le Bourhis B, Auf&e G and Choquart D, Study of 
alcohol dependence in the rat. In: Biological Effects of 
Alcohol (Ed. Begleiter H), pp. 339-358. Plenum 
Publishing Corp. New York, 1980. 



Ethanol on heart lipoprotein lipase 2009 

15. Branchey MH and Buydens-Branchey L, Are the Modifications of plasma post-heparin lipolytic activity 
effects of chronic ethanol administration on erythrocyte and tissue lipoprotein lipase activity induced in the rat 
membrane mediated by changes in plasma lipids? Drug by acute administration of ethanol or propan-2-01. Chin 
Alcohol Devend 25: 67-71. 1990. Sci Mel Med 48: 153-156, 1975. 

16. Kuwajima M, Foster DW and McGarry JD, Regulation 
of lipoprotein lipase in different rat tissues. Me~abol~m 
37: 597-601, 1988. 

17. Neely JR and Rovetto MJ, Techniques for perfusing 
isolated rat hearts. Teflon Enzymol39: 43-60, 1975. 

18. Stolzenbach F, Lactic dehydrogenases (crystalline). 
Methods Enrymol9: 278-288, 1962. 

19. Fain JN, Effects of dexamethasone and growth hormone 
on fatty acid mobilization and glucose utilization in 
adrenalectomized rats. Endocrinology 71: 633-637, 
1962. 

ethanol intake on lipoprotein lipase activity in adipose 
tissue of fasting subjects. Lipids 13: 433-437, 1978. 

23. Nikkilii EA, Taskinen MR and Huttunen JK, Effect 
of acute ethanol load on postheparin plasma lipoprotein 

20. V&me A, Salers P and Boyer J, Effects of apoproteins 
C on lipoprotein lipase activity bound to rat fat cells. 
Am J Physiol243: El?%E181, 1982. 

21. Lowry OH, Rosebrough NJ, Farr AL and Randall RJ, 
Protein measurement with the Folin phenol reagent. f 
Biot Chem 193: 265-275, 1951. 

22. Nillson-Ehle P, Carlstrom S and Belfraae P, Effects of 

28. Parkes JG, Auerbach W and Goldberg DM, Effect of 
alcohoionlipoproteinmetabolismI1. Lipolyticactivities 
and mixed function oxidases. Enzyme 43: 47-55,199O. 

29. Seydoux F and Yon J, ~om~tition nucl~ophile dans 
les reactions d’hydrolyse enzymatique. Eur J Biochem 
3: 42-56, 1967. 

30. Lieber CS, Hepatic and metabolic effects of alcohol 
(1966-1973). Gasrroenterotogy 65: 821-846, 1973. 

31. Semb H and Olivecrona T, The relation between 
glycosylation and activity of guinea pig lipoprotein 
lipase. J Biol Chem 264: 4195-4200, 1989. 

32. Vannier C and Ailhaud G, Biosynthesis of lipoprotein 
lipase in cultured mouse adipocytes II. Processing, 
subunit assembly, and intracellular transport. J 3ioZ 
Ckem 264: 13206-13216, 1989. 

Studies on Cardiac Structure and Metabolism (Eds. 
Harris P, Bing RJ and Fleckenstein A), Vol. 7, pp. 
431-442. University Park Press, Baltimore, 1976. 

34. Stam H, Broekhoven-Schokker S and Hiilsmann WC, 

33. Schreiber SS, Oratz M and Rotschild MA, Alcoholic 
cardiomyopathy: the effect of ethanol and acetafdehyde 
on cardiac protein synthesis. In: Recent Advances in 

lipase and hepatic lipase activities and intravenous fat Characterization of mono-, di- and triacylglycerol lipase 
tolerance. Harm Metab Res 10: 220-223. 1978. activities in the isolated rat heart. Riochim Riovkvs & , 

Acta 875: 76-86, 1986. 24. Schneider J, Liesenfeld A, Mordasini R,‘Schubotz R, 
Zofel P, Kabel F, Vandre-Plozzitzka C and Kaffarnik 
H, Lipoprotein fractions, lipoprotein lipase and hepatic 
triglyceride lipase during short-term and long-term 
uptake of ethanol in healthy subjects. Arheros~Zeros~s 
57: 281-291, 1985. 

25. Harley Hartung G, Foreyt JP, Reeves RS, Krock LP, 
Patsch W, Patsch JR and Gotto A, Effect of alcohol 
dose on plasma lipoprotein subfractions and lipolytic 
enzyme activity in active and inactive men. Metabolism 
39: 81-86, 1990. 

26. Taskinen MR, Valimaki M, Nikkila EA, Kuussi T, 
Enholm C and Ylikahri R, High-density lipoprotein 
subfractions and post-heparin plasma lipases in 
alcoholic men before and after ethanol withdrawal. 
~erffbo~~rn 31: 1168-1174, 1982. 

27. Giudicelh Y, Nordmann R and Nordmann J, 

35. Benkirane M, Meignen JM, Mercier L, Boyer J and 
Verine A, Lipoprotein lipase in rat heart, fI1. Effects 
of sex steroid hormones on tri-, di- and monoacylglycerol 
lipase activities in post-heparin effluents. Comp 
Biockem Pkysiof 948: 27-30, 1989. 

36. Yamamoto M and Drummond GI, Monoglyceride- 
hydrolyzing activity of rat myocardium. Am J Pkysiol 
213: 1365-1370, 1967. 

37. Twu JS, Nilsson-Ehle P and Schotz MC, Hydrolysis of 
tri- and monoacylglycerol by lipoprotein lipase: 
evidence for a common active site. Biochemistry 15: 
1904-1909, 1976. 

38. Rubin E, Alcoholic myopathy in heart and skeletal 
muscle. N Engl J Med 301: 28-33, 1979. 

39. Knochel JP, Cardiovascular effects of alcohol. Ann Int 
Med 98: 849-854, 1983. 


