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S- - Wninistraticm of glucagon (10 ug/rat) to the intact animal increased 
the levels of lipoprotein lipase activity by 92% in the heparin-non-releasable 
fraction of the heart. At the sane tima, cardiac levels of triacylglyQrols 
were reduced 47% and free fatty acids were increased about 2-fold. In contrast, 
the adninistration of a lmer dose of glucagm (0.5 ug/rat) resulted in an 80% 
reduction in lipoprotein lipase activity in theheparinperfusedqxxardim. 
At the same time, triacylglycemls were increased 44% and free fatty acids 
were decreased 69%. These resultsprovide circumtautialevidence thatlipo- 
protein lipase is involved in the regulation of endogenous triacylglyoarols 
such that higher levels of enzyma activity result in cardiac lipolysis and, 
amversely, lmrlevels result in triacylglycerolpmduction. 

Lipoprotein lipase (LPL) in the heart exists in tm distinct fractions: a 

heparin-releasable fraction (capillary bound) and a heparin-non-releasable 

fracticm (tissue bound) (1,2). Inthe anme of studies attempting topmvids 

an explanation for a rise in myocardial free fatty acids (FFA) seen 24 h after 

exercise in previously untrained rats (3), it was noted that both LPL activity 

and FFA were elevated in the heparin-non-releasable fraction. These results 

raised the possibility that IPL, in addition to its well docmantedmle as a 

"clearing-factor lipase" responsible for the hydrolysis of plasma triacyl- 

glycerols (1,2,4-8), might fuuctim as a mobilizing enzyms capable of hydro- 

lyzingendogenous triacylglycerols in the heart. In thepresentstudy, this 

possibility was tested using glucagon, instead of exercise, as the inducing 

stjnnllus. Although preliminary studies showad thatboth agentswere capable of 

elevating LPL activity in the heart, the magnitude of the increase seen with 

honrone (10 ug/rat) was much greater than that seen with exercise. Neverthe- 

less, the results obtained led us to test a second possibility that LPL might 

be involvedin the regulation ofenC@enous tiiacylglycerols in ratheart. 
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METHOJX 

Animal care - Male rats of a Wistar strain (Charles River), weighing 
approxinetily~0 g, ware used. Theywere providedunrestrictedaccess to a 
diet of Purina rat chm and water. Theanirr~lroanwasmaintainedatatem- 
perature between 21 and 23OC and lighted between 7:30 a.m. and 7:30 p.m. Rats 
were sacrificed between 9:00 a.m. and 9:30 a.m. after an overnight fast. 

Tissue preparation and assay m&hods -Toaeasureheparin-non-releasable 
LPL amty, the heparin perfused heart was homogenized in 0.025 N NH3-NH4C.l 
buffer at pH 8.1 using a Dual1 ground glass grinder (Kontes Glass Co., 
Eivanston, IL.). The tissue concentraticnofthehcxogenateswas 5Omg/ml. 
The ccmpositian of the assaymediumandtheprocedures forinc&ation,extrac- 
tion, and n-eas uren-ent of unesterified FFA released into the assay medium have 
been described (12). Lipolytic activities of the hearts had the characteris- 
tics of LPL, e.g., the reactionwas inhibitedin the absenceof senrnandin 
the presence of 1 M NaCl. Enzyms activities are expressed as units + SE, 
1 unit representing 1~1 of unesterified fatty acids released into?he assay 
rfediun/h of incubation. 

Triacylglycerols were extracted frcxn the heart, that had been carefully 
cleaned free of any adherent adipose tissue and connectivetissue,with alco- 
hol-ether 3:l (v/v) according to the mathcd of Bkenman (13). The concentra- 
tion of triacylglyrxrols was datermined as described by Fletcher (14). FFA 
were measured using the mathod of Trout et al. (15). The buffer used and the 
tissue ccnoentration of the homogenates were the sama as that used for the 
assay of IPL. 
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Figure 1. Rats were injectedwith glucagcn; control rats wer-a injectedwith 
0.9% NaCl. Infomxation regarding glucose feeding, and procedures for iso- 
lation and perfusion of the heart are given under "Table 1". Assays for 
lipoprotein lipase activitywere carriedout~hepariIIperfUsed tissue as 
described under Wkhcds". Each point is therrean for hearts frun 9 rats. 
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FGXJLTS 

Heparin-ncm-releasable LPL activity - An intraperitoneal injection of 

glucagon (10 ug/rat) increased LPL activity from 73 + 0.8 units to 140 + 1 - 

units neasured in the heparin-non-releasable fraction of the heart (Figure 1; 

P<O.OOl). In contrast, a lower dose of hormone (0.5 pg/rat) decreased IPL 

activity from 73 LO.8 units to 15 LO.5 units (Figure 1; P<O.OOl). To &a- 

termineifenzym activitywas proportionalto concentration of inducing stinr 

ulus, rats were injected with 0.5 ug/rat or 1 pg/rat of glucagon. Figure 1 

shms that heparin-non-releasable LPL activity increased frcm 15 + 0.5 units 

to 31 + 0.9 units. Injections of glucagon of 3 ug/rat, 5 pg/rat, and 75 m/rat 

yielded values of IPL activity of 79 + 0.3 tits, 123 + 2 units, and 132 + 1 - - 

units, respectively (Figure 1). 

Triacylglycercl and FFA - Table 1 shms that intraperitoneal injection of 

glucagcm (10 pg/rat) resulted in a 47% reduction in the concentration of tri- 

acylglycerols of the qmmrdi~~~. At the samtirre,FPAincreased approxi- 

mtely 2-fold. A 1-r dose of glucagon (0.5 fig/rat), on the other hand, 

resultedin a significant rise in the triacylglycerolcontentof the heart 

(Table 2). FFA under these conditions decreased 69% (Table 2). men the dose 

of gltxoagon was increased from 0.5 m/rat to 1 ug/rat, tissw triacylglyoarols 

decreased from 3.69 5 0.10 ml/g tissue to 3.12 + 0.10 pi/g tissue (P<O.Ol). 

DISCUSSION 

The existence of a "clearing-factor lipase" in tissue with properties of 

the enzyne present in post-heparin plasma was first described about 25 years 

ago by Rx-n (16,17). In the intervening years, the concept has develcpedthat 

LPL factions exclusively as a "clearing-factor lipase" responsible for the 

hydrolysis of triacylglycerols frun plasma chylanicrons and very lm density 

lipoproteins (1,2,4-8). Presmably, LPLis fomdor activatedwithin tissue 

cells (1,2,18-22) and then transported to the lmenal surface of endothelial 

cells of capillaries (23,24), the site of plasma triacylglyasrol hydrolysis 

(1,2,4-8). Intheheart, it is possible todistinguishLPLboundt.othe cap- 
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Triacylglycerols and free fatty acids in the heart aftergluca~ treatment to 

the intact rat 

Injection Triacylglyceml Free fatty acid 

ml/g tissue 

Saline 2.57 2 0.08 4.32 + 0.12 

Glucagon 1.36 + 0.08* 9.00 - + 0.13* 

Values axermaans+SE forhearts fran9 rats. *Glucagmversus saline 

txeati, P(O.001. 

Pats ware injected intraperitaxxlly with glucagm (10 w/rat). Contxol 
rats ware injectedwith aueguivalentwlm~ of 0.9% NaCl. At the sane tine, 
animals weere force fed 3 ml of a glucose solution (60% w/v). Glucose was used 
tostirmrlateinsulinrele~whichhasbeen~toha~apawerfulanti- 
lipolyticeffect cm the honmne-sensitive lipase systemof adipose tissue (9) 
evan though such a lipase systemhas neverbeenidentified in theheart (10). 
It has been shcam that ingested glucose has no effect cnmyocardiallipopmtein 
lipase activity in glucagm treated rats (11). tirtyminlater, heartswere 
isolated and perfused for 120 s at a rate of 3 ml/30 s with Krebs-Pinger 
biczbonate buffer (pH 7.4) cmtaining 5% (v/v) rat serun and 5 units heparin/ 
ml. The mdiun [amtinually gassed with 02 + CD2 95:5 (v/v)] was drawn fmn a 
reservoir,thenperfusedthroughtheheartina nonrecirculatixy systembya 
Gilson minipuls 2 peristaltic pm+ At the endof the 2minperfusionpericd, 
perfusates were triacylglyarol, free fatty acid, and lipoprotein lipase free. 
Assays for triacylglyaamls and free fatty acids ware carried out as c?escrihed 
under Y4shIds". 

TABLE2 

Triacylglyoaxols and free fatty acids in theheart afterglucagon treatmantti 

the intact rat 

Injection Triacylglymml Free fatty acid 

&ml/g tissue 

saline 2.57 + 0.08 4.32 + 0.12 - - 

Gluca~ 3.69 5 0.10" 1.35 + 0.06* 
-- -- 

Values aremaus + SE forhearts fmn 9 rats. *Glucx~mversus saline 

treated, P<O.OOl. 

Pats were injected intraperitmeally with glucagm (0.5 ug/rat). Cmtrols 
were injectedwith meguivalentvolmk? of O.g%NaCl. Infomationregarding 
glucose feeding, andprocedures for isolation andperfusicm of theheart are 
given under "Table 1". Assays for triacylglyoamls and free fatty acids were 
carriedout onhepaxinperfusedtissua as describedunder "kMhcds". 
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illary walls fran that bound to tissue by the forner's property of being re- 

leasable fmn tissue by action of heparin (1,Z). 

In thepresentstidy, treaW?ntwithglucaqon (10 w/rat) resultedin a 

markedrise in LPLneasuradin the heparin-ncm-releasable fraction of the 

heart. The rise in enzym activitywas accanpaniedby areductian in the con- 

uantrationofcardiac triacylglycerols andamrkedincrease inFE'A. These 

results provide suggestiveevidence that IPL fuuctions as anr%ilizingenzyme 

capable of hydrolyzing endoqenous triacylglycemls. The adninistration of a 

1-r &se of glucaqon (0.5 pg/rat), on the other hand, markedly lcxered LPL 

activity in theheparin-non-releasable fractionof theheart. Thelmerlevels 

of enzynxa activity were amonpanied by elevated levels of triacylglyaxols and 

lcwsr levels of tisma WA. These results provide cirrxmstantial evidena that 

IPLis involved in the regulation ofendoqenous triacylglycemls in the heart. 

It is involved such thatlmerlevels of LPL activity result in the endcgenous 

production of triacylglycerols and, conversely, higher levels of enzyme activ- 

ity result in cardiac lipolysis. 

As mantioned earlier, lipolytic activities of the heparin perfused tissue 

had the characteristics of LPL. For exaa!@e, triacylglycerol lipolysis was 

inhibitedinthe absmceofsenm. Therefore, if WL is capable of hydrolyzing 

intramusculartriacylglycemls,as ourresults seemto indicate, then tissue 

cellsmusta3ntain a protein neaxsary for lipolyticactivitysimilartothat 

fomd in the senm (17). 

It should be mentioned that Borensztajn et al. (11) reported that glucagon 

(75 &rat) administered at intervals over a 3 h long period elevated LPL 

activitymasured inwhole homogenates of the heart. Results of the present 

study support this findinqandextenditto showthatglucaqon at a Iwrdose 

(0.5 ug/rat) markedly red-s enzynta activity. Taken together, the results 

provide evidence thatglucaqonparticipates in the regulation 0fLPL in the 

rat heart. 
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