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Abstract The possibility that impaired removal of lipoprotein 
triglyceride from the circulation may be a participating factor 
in the hypertriglyceridemia of the obese Zucker rat was ex- 
amined. We found no significant differences in the heparin- 
released lipoprotein lipase (LPL) activities of the adipose tissue, 
skeletal muscle, and heart (expressed per gram of tissue) from 
the lean and obese Zucker rats. Furthermore, the kinetic prop- 
erties of adipose tissue and heart LPL from the lean and obese 
rats were similar, indicating that the catalytic efficiency of the 
enzyme was unaltered in the obese animals. The postheparin 
plasma LPL activities of lean and obese rats were also similar. 
However, the postheparin plasma hepatic triglyceride lipase (H- 
TGL) activity in the obese rats was elevated. The higher activity 
of H-TGL could not alleviate the hypertriglyceridemia in these 
animals. Since hypertriglyceridemia in the obese rats could also 
be due to the hepatic production of triglyceride-rich lipoproteins 
which are resistant to lipolysis, we therefore isolated very low 
density lipoproteins (VLDL) from lean and obese rat liver per- 
fusates and examined their degradation by highly purified human 
milk LPL. Although certain differences were observed in hepatic 
VLDL triglyceride fatty acid composition, the kinetic patterns 
of LPL-catalyzed triglyceride disappearance from lean and obese 
rat liver perfusate VLDL were similar. The isolated liver per- 
fusate VLDL contained sufficient apolipoprotein C-I1 for max- 
imum lip0lysis.l These results indicate that impaired lipolysis 
is not a contributing factor in the genesis of hypertriglyceridemia 
in the genetically obese Zucker rat. The hyperlipemic state may 
be attributed to hypersecretion of hepatic VLDL and consequent 
saturation of the lipolytic removal of triglyceride-rich lipoproteins 
from the circulation.-Wang, CS., N. Fukuda, and J. A. Ontko. 
Studies on the mechanism of hypertriglyceridemia in the ge- 
netically obese Zucker rat.J. Lipid Res. 1984. 2 5  571-579. 
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The  genetically obese Zucker rat (2 ,3)  is hyperlipemic, 
as characterized by markedly elevated levels of triglyceride 
and moderately increased concentrations of cholesterol 
in the blood. Both very low density lipoproteins (4) and 
chylomicron remnant particles (5 )  accumulate in the cir- 
culation of these animals. Previous studies have implicated 
increased hepatic production of very low density lipo- 

proteins (VLDL) in the development of this hypertri- 
glyceridemic state (6, 7). 

In addition to overproduction of triglyceride-rich li- 
poproteins by the liver, a decreased lipolytic system in 
the circulation may be a contributing factor, since lipolysis 
represents a rate-limiting step in the uptake of triglyceride 
fatty acids by extrahepatic tissues (8-1 1). Others have 
found a normal or elevated activity of total lipoprotein 
lipase (LPL) in muscle and adipose tissue in the genetically 
obese Zucker rat (1 2, 13). Since defective lipolysis could 
nevertheless result from a low level of functional LPL in 
the luminal surface of the capillary endothelium, from 
depressed hepatic triglyceride lipase (H-TGL), or from 
the hepatic production of VLDL which are resistant to 
lipolysis, we have examined these possibilities. The results 
indicate that overproduction of triglyceride-rich lipopro- 
teins by the liver is primarily responsible for the hyper- 
lipemia in this genetically obese syndrome. 

MATERIALS AND METHODS 

Anima 1 s 

Male lean and obese Zucker rats were obtained from 
Dr. Ruth Young at the University of Massachusetts. They 
were housed individually (room temperature, 22°C) and 
allowed free access to Purina laboratory chow and water. 
Lighting was controlled (6 AM-6 PM, light; 6 PM-6 AM, 
dark). Between 9:OO-9:30 AM, rats were anesthetized (7). 
The rats were 14-18 weeks of age. Blood was obtained 
by heart puncture just before inserting a cannula into 
the portal vein. Livers were removed for perfusion by 

Abbreviations: VLDL, very low density lipoproteins; LPL, lipo- 
protein lipase; H-TGL, hepatic triglyceride lipase: SDS, sodium dodecyl 
sulfate. 
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recirculation (7). Blood was allowed to clot for 5 hr at 
5°C. Serum was separated by centrifugation at 3,000 
rpm for 30 min at 5°C. 

Extraction of tissue LPL 

Tissues (adipose tissue, heart, and skeletal muscle) were 
removed from anesthetized rats (within 1 hr of Nembutal 
administration) and placed immediately in cold 0.15 M 
NaCI. Perirenal adipose tissue, the entire heart, and the 
entire right upper and lower leg skeletal muscles were 
obtained for analysis. The  tissues were rinsed three or 
four times with cold 0.15 M NaCI; they were then blotted 
with filter paper and placed in small sterile specimen con- 
tainers and frozen within 5 min after removal. All tissues 
were kept frozen until used (within 1 week). The  LPL 
activity was stable during this period of storage. The LPL 
in the heparin extract was unstable, however. Therefore, 
extraction of LPL was performed on the day of assay. 

On the day of analysis the frozen tissue was weighed, 
cut into 3-4-mm pieces, and extracted with Krebs-Ringer 
phosphate buffer (0.5 g of tissue/ml; at pH 7.4) containing 
1 mg/ml of heparin. The  tissues (approximately 1 g) 
were incubated in a shaking water bath at 25°C for 30 
min. The incubation mixture was removed from the tissue 
and centrifuged at 2000 rpm at 4°C for 15 min. The 
supernatant was removed and kept in an ice bath until 
LPL activity assay (within 10 min). Under these exper- 
imental conditions no lipase activity was observed in the 
heparin extracts without added serum, indicating that 
storage by freezing and subsequent thawing did not lib- 
erate significant intracellular lysosomal or hormone-sen- 
sitive lipase. 

Measurement of LPL activity from tissues 

The assay of LPL activity was performed in a final 
assay mixture (200 pl) in 50 mM NH40H-HCI buffer, 
pH 8.5, containing 60 mg/ml bovine serum albumin, 25 
mM (NH4)$04, 10 mM trioleoylglycerol (0.1 pCi/pmol 
tri [ l-'4C]oleoylglycerol), 2.5 mg/ml of Triton X-100, 
20 pl of rat serum as activator, and 80 pl of the tissue 
extracts. The rat serum utilized as activator contained 
no detectable endogenous lipase activity. Triton X-1 00 
was employed for emulsification (14), rather than phos- 
pholipid, since phospholipid may also be a substrate for 
LPL (15). The  incubation was performed at 37°C in a 
shaking water bath for 1 hr. The reaction was terminated 
by adding 3.2 ml of chloroform-heptane-methanol 
5:4:5.6 (v/v/v) and 1 ml of 0.2 N NaOH. After cen- 
trifugation 1.2 ml of the top layer was mixed with 10 ml 
of Instagel and radioactivity was measured in a Packard 
liquid scintillation counter. One unit of lipase activity is 
defined as 1 pmol of fatty acid released per hr at 37°C. 

Measurement of postheparin plasma 
lipolytic activities 

Postheparin plasma was obtained from lean and obese 
Zucker rats 2 min after intravenous injection of 1000 IU 
heparin/kg body weight (16). The plasma was separated 
by centrifugation at 4°C and stored at -20°C. The de- 
terminations of LPL and H-TGL were performed as de- 
scribed previously using the micro-heparin-Sepharose 
column procedure (1 7). One ml of postheparin plasma 
was mixed with 3 ml of 50 mM NH4OH-HCI buffer, pH 
8.5, and applied to a micro-heparin-Sepharose column 
(7 mm diameter, packed with heparin-Sepharose to give 
a 2-cm column). After the sample was loaded, the column 
was washed with 4 ml of 0.3 M NaCl containing 50 mM 
NH40H-HCI buffer; then LPL and H-TGL were eluted 
together with 4 ml of buffer containing 10 mg/ml of 
heparin. H-TGL was measured directly from the heparin- 
eluted fraction in the absence of the activator (human 
serum) and the total activity was measured in the presence 
of activator. The difference between total activity and 
H-TGL activity represents the LPL activity (1 7). Because 
it has been reported that the activation of LPL by rat 
serum varied greatly between different sera and was op- 
timum within a relatively narrow range, we used human 
serum as activator (1 6). 

Isolation of rat liver perfusate VLDL 
The liver perfusion equipment and procedures were 

as employed and described previously (7). The  bovine 
serum albumin in the perfusion medium (fraction V fatty 
acid-free, Miles Laboratories) was devoid of apolipopro- 
tein C-11 by LPL activity assay. VLDL was isolated from 
30 ml of cell-free perfusate at the end of the perfusion 
period by ultracentrifugation after layering with 10 ml 
of NaCl (d 1.006 g/ml) containing 0.2% EDTA (7). 

Purification of human milk LPL 
LPL was prepared from the acetone-diethyl ether 

powder of human milk cream and purified by heparin- 
Sepharose affinity chromatography (1 5). The  powder (40 
mg) was dispersed with a pestle and solubilized by stirring 
for 10 min at room temperature in 4 ml of 50 mM HCI- 
NH40H buffer, pH 8.5, containing 0.1% Triton X-100. 
The mixture was centrifuged at low speed for 2 min. 
The supernatant fraction was collected and applied to a 
small heparin-Sepharose column (0.7 X 2 cm). After load- 
ing the sample, the column was washed first with 4 ml 
of 50 mM NH40H-HCI buffer, pH 8.5, containing 0.3 
M NaCl and then with 4 ml of the same buffer containing 
0.72 M NaCI. Following these washes, the LPL was eluted 
with 3 ml of 50 mM HCI-NH4 OH buffer containing 
heparin (10 mg/ml). The  LPL activity in this heparin 
extract was 30-40 units/ml. 
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Lipolysis of rat liver perfusate VLDL 
In a final volume of 6 ml, the lipolysis mixture  contained 

liver perfusate  VLDL (0.3 mg  of  triglyceride per ml), 
bovine serum  albumin  (60 mg/ml), 50 mM NH40H-HCI, 
pH 8.0, and  human milk LPL (1 ml of  heparin eluate). 
Rat  serum  and  Triton X-100 were  not  included in these 
assays. At  various time intervals,  duplicate  samples  (0.5 
ml) were  removed and  added to 4 ml of n-heptane-iso- 
propanol 3:7 (v/v) containing 50 pg of cholesteryl  bu- 
tyrate  as internal  standard for gas-liquid chromatographic 
analysis of triglycerides as  described below. 

Gas-liquid chromatography 
Aqueous samples (0.5 ml) in duplicate  were  transferred 

to tubes  containing 4 ml of n-heptane-isopropanol 3:7 
(v/v) containing 50  pg  of cholesteryl butyrate  as  internal 
standard  for  neutral lipid analysis by gas-liquid chro- 
matography. After  being acidified with 2.5 ml of 0.033 
N H2S04,  the  mixture was vortexed  for 30 sec; the or- 
ganic  phase  containing the triglycerides and  the  internal 
standard was transferred to a 3-ml conical tube;  and  the 
solvent was evaporated  under  nitrogen. T h e  residue was 
redissolved in 100 pl of n-hexane and 2-pl aliquots  were 
injected into  the gas chromatograph. The  pattern  of  sep 
aration  of  triglyceride  molecular  species  has  been  shown 
previously (1 5). T h e  major  molecular  species are desig- 
nated  TG-50, T G 5 2 ,   T G 5 4 ,   a n d   T G 5 6 ,  according to 
the total carbon  content  of  the acyl groups. 

Other methods 
Protein  content was determined by a modification (1 8) 

of  the  procedure  of Lowry et al. (19). Bovine serum al- 
bumin was used as  the  standard. Urea-SDS-polyacryl- 
amide gel electrophoresis was carried  out in 7% acryl- 
amide gel in the  presence  of 0.1 % sodium  dodecyl  sulfate 
and 8 M urea  as previously described (20). 

Analysis of results 
The  K, values  derived  from Lineweaver-Burk  plots 

were based on least squares  linear regression analysis (2 1) 
assuming a constant  variance of  reaction velocity com- 
puted (with a Compucorp  344 statistician microcomputer). 
The  measured initial rates  had coefficients of variation 
of less than 10%. For statistical analyses the Student’s t- 
test and Wilcoxon rank  sum  test  were  employed  where 
indicated. 

RESULTS 

LPL activity in tissue extracts 
The  incubation of tissues with heparin  resulted in the 

release of  LPL  into  medium.  Our initial experiment was 

to examine  the  concentration  of  heparin  required  for  the 
optimum release of  LPL. T h e  study  indicated  that 1 mg/ 
ml of  heparin was sufficient for  the maximal  release of 
LPL  from  the various tissues examined.  In the absence 
of  heparin,  approximately 5-10% of  the maximal re- 
leasable LPL  and  protein  were  released  into  the medium. 
Because LPL was not  the only protein released during 
incubation of tissues with heparin, we also  measured the 
amounts  of  protein released from  the tissues during in- 
cubation. On  the average, 4, 6,  and  14  mg  of  protein/ 
g of tissue were released from  adipose tissue, heart,  and 
skeletal muscle, respectively. There was no  apparent dif- 
ference between lean and obese  Zucker  rats with respect 
to  the  amounts  of  protein released from  each tissue. SDS 
polyacrylamide gel electrophoresis  patterns  of  the h e p  
arin-releasable  fraction of  adipose tissue from lean and 
obese  Zucker  rats are shown in Fig. 1. There was no 
apparent  difference  between  these  patterns. A much 
greater  heterogeneity  of  the heparin-releasable proteins 
from  heart  and skeletal muscle was observed, as  compared 
with adipose tissue. Because of  the complexity of  these 
polyacrylamide gel patterns, we did not  compare in detail 

a b 
Fig. 1. SDS polyacrylamide gel electrophoresis patterns of heparin- 
releasable fractions of adipose tissue from lean (a) and obese (b) Zucker 
rats. 
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TABLE 1 .  Tissue lipoprotein lipase activities of lean 
and obese Zucker rats 

Tissue Lean (6)' Obese (6) P 

pmol f a f l y  arid relmselg frssue per ht 

Adipose tissue 2.62 k 0.28b 2.30 f 0.23 NSr 
Skeletal muscle 0.59 k 0.08 0.62 f 0.05 NS 
Heart muscle 3.03 k 0.36 2.11 f 0.26 NS 

Adiporo l irruo Hoparin Extract (PI) 

Fig. 2. The linear relationship between lipolytic activity and the 
amount of enzyme of heparin extract of adipose tissue from lean 
Zucker rat. A similar linear response was observed in the extract of 
obese Zucker rat adipose tissue. 

the heparin extracts from skeletal muscle and heart of 
the lean and obese rats. 

In our assay system, a linear relationship between the 
amount of enzyme and LPL activity was observed from 
adipose tissue (Fig. 2) as well as from heart and skeletal 
muscle tissue extracts. This is a prerequisite for utilizing 
the activity as a measure of enzyme concentration. The  
LPL activities in heparin extracts of adipose tissue, heart 
and skeletal muscle are shown in Table 1. We found no 
significant differences in LPL activities of these tissues 

The numbers in parentheses indicate the number of animals in 

Mean k SEM. 
Not significant. 

each group. 

between lean and obese rats. As expected, skeletal muscle 
had the lowest activity of the three tissues examined. The 
LPL activities found in heart and adipose tissue were 
similar. 

Kinetic properties of LPL 
Because defective lipolysis may result from a structural 

alteration in LPL due to genetic mutation, we examined 
the kinetic properties of LPL from tissue extracts of lean 
and obese Zucker rats. Under identical assay conditions, 
the LPL from heparin extracts of adipose tissue from 
lean and obese rats showed a similar relationship between 
substrate concentration and enzyme activity, which fol- 
lowed Michaelis-Menten kinetics (Fig. 3a). The apparent 
K, values for the adipose tissue enzyme derived from 
lean and obese rats were similar (0.95 and 1.00 mM, 
respectively). In contrast, the LPL from heparin extracts 
of heart tissue did not follow Michaelis-Menten kinetics 
(Fig. 3b); the reaction rate of heart LPL showed a sig- 
moidal response to the triolein concentration. There is 
no corresponding K, for this type of reaction kinetics. 
Despite this, the LPL activities of the heparin extracts 
from both lean and obese rats showed similar kinetic 
patterns. Accordingly, no apparent kinetic alterations in 

I b  
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Fig. 3. Kinetic properties of LPL from (a) adipose tissue and (b) heart of lean (A) and obese (0) Zucker rats. 
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TABLE 2. Postheparin plasma lipolytic activities of lean and obese Zucker rats 

Postheoarin Plasma 

Liver Lipoprotein Hepatic 
Body Weight Weight Lipase Lipase 

prolfatty arid rtleawlml 
plasma per hr g g 

Lean (5y 314.0 f 10.9' 1 1 . 1  f 0.4 23.7 f 2.0 26.9 f 2.7 
Obese (4) 438.8 f 15.3 20.5 f 0.8 22.6 f 1.4 45.8 f 2.5 
P <0.001 10.001 NS 10.005 

The numbers in parentheses indicate the number of animals in each group. ' Mean f SEM. 

the LPL activities from lean and obese rat adipose tissue 
and heart were detected. Because of the low LPL activity 
in heparin extract of skeletal muscle, we did not perform 
kinetic analyses of LPL from this tissue. 

Lipolytic activities in postheparin plasma 
For the measurement of LPL and H-TGL, we found 

that it was necessary to partially purify the postheparin 
lipolytic activities by heparin-Sepharose affinity chro- 
matography to obtain reliable results, possibly because 
of interference by high concentrations of triglyceride- 
rich lipoproteins. 

Consistent with the lack of significant difference be- 
tween lean and obese rats in the LPL activity from adipose 
tissue, skeletal muscle, and heart (Table l) ,  we also found 
that there was no significant difference in postheparin 
plasma LPL activities (Table 2). However, we observed 
a significantly higher activity of H-TGL (I  .7-fold) in obese 
rats. 

Characterization of liver perfusate VLDL 
triglyceride and its rate of degradation by LPL 

T o  examine the possibility that the obese Zucker rat 
liver produces VLDL which is resistant to lipolysis, hepatic 
VLDL was harvested from isolated rat liver perfusates 
and subjected to lipolytic degradation. The  animals em- 
ployed for these perfusion experiments are described in 

Table 3. The obese rats were hypertriglyceridemic and 
net triglyceride secretion by the perfused livers from these 
animals was elevated 5- to 6-fold. 

Our previous studies using synthetic monoacid tri- 
glycerides as substrates for LPL indicated that the fatty 
acid composition of the triglyceride molecule may play 
a role in determining the rate of lipolysis (22). Therefore, 
we examined the triglyceride fatty acid composition of 
the liver perfusate VLDL. As shown in Table 4, specific 
differences in the fatty acid composition of the VLDL 
triglyceride secreted by lean and obese rat livers were 
observed. Among the major components of triglyceride 
fatty acids, namely palmitate, oleate, and linoleate, only 
the percent composition of oleate was similar. The pal- 
mitate content was increased and the relative percentage 
of linoleate was decreased. Significant differences in the 
percent composition of palmitoleic, stearic, and in the 
polyunsaturated fatty acids, 20:4, 20:5, and 22:6, were 
also observed. 

The fatty acid composition of liver triglyceride showed 
a similar reciprocal alteration in palmitate and linoleate 
with a higher content of the former and a lower per- 
centage of the latter in the obese rats (Table 4). Similar 
alterations in the percentages of 16:1, 20:4, 20:5, and 
22:6, as compared with the composition of VLDL tri- 
glyceride, were also observed. When liver triglyceride 
fatty acid composition was compared with that of the 

TABLE 3. Plasma, liver, and liver perfusate triglycerides in 
lean and obese Zucker rats 

Lean (4)" Obese (4) P 

Body weight (g) 322 f 6' 474 f 12 <0.001 
Liver weight (9) 12.2 f 0.3 19.7 f 0.6 t0.001 
Plasma triglyceride (pmol/dl) 90.6 f 4.7 668.2 f 69.1 co.001 
Liver triglyceride' (pmol/g) 11.6 f 0.4 53.6 f 11.2 <o.o 1 

(pmoI/liver/225 min) 23.1 f 2.3 127.1 f 25.0 <0.01 
Liver perfusate triglycerided 

The number of animals in each group is in parentheses. 
Standard error of the mean. 
Analyzed at the end of the 225-min perfusion. * Total triglyceride accumulation in the perfusate after 225 min of recirculation 
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Fig. 4. Kinetics of the degradation of hepatic VLDL-triglyceride. 
isolated from the liver perfusates from lean (W) and obese (0) Zucker 
rats, catalyzed by human milk LPL. The initial triglyceride concen- 
tration was adjusted to 0.3 mg/ml. 

We found no significant difference in the heparin-re- 
leased LPL activities of adipose tissue, skeletal muscle, 
and heart (expressed per gram of tissue) from the lean 
versus obese Zucker rats. In this assay, lipase activity could 
only be detected in the presence of the cofactor, which 
was supplied by serum. This suggests that, during the 
release of LPL by heparin treatment, tissue cellular in- 
tegrity was maintained to account for the lack of intra- 
cellular lipase released during our experimental manip- 
ulations. Previous study by Gruen, Hietanen, and Green- 
wood ( 1 2), using the postmitochondrial supernatant 
fraction of adipose tissue and with enzyme activity ex- 
pressed as per gram weight of tissue, indicated that LPL 
is greatest in the young rats and there is no significant 
difference between obese and lean Zucker rats. The study 
by Hartman ( 1  3), using an enzyme preparation from the 
supernatant fraction of tissue homogenates, indicated that 
LPL activity from adipose tissue, adipocytes, heart, and 
skeletal muscle at 9-11 and 26-30 weeks of age, also 
showed no difference between lean and obese Zucker 
rats. Despite the difference in the procedures of enzyme 
preparation, there is a general agreement that the total 

LPL activities (per unit weight of tissue) in lean and obese 
rats are similar. 

In this study, we observed no difference between lean 
and obese Zucker rats in the LPL kinetic behavior from 
the heparin extract of adipose tissue and heart (Fig. 3). 
Similar to our finding, crude homogenates of lean and 
obese Zucker rat adipose tissue exhibited the same K, 
(12). We observed that the kinetic properties of heart 
LPL from both lean and obese Zucker rats were not in 
conformity with Michaelis-Menten kinetics (Fig. 3). 
Therefore, a K ,  value could not be assigned for these 
LPL activities. However, based on their similar sigmoidal 
response to substrate concentration, we conclude that 
heart LPL from lean and obese animals is similar if not 
identical. The previous report (23) of a low K, value for 
rat heart LPL (0.07 mM) and a high K, value (0.7 mM) 
for rat adipose tissue was derived from an indirect mea- 
surement using tissue perfusion procedures. The studies 
of Ben-Zeev, Schwalb, and Schotz (24) using Sprague- 
Dawley rats suggest the presence of two types of LPL in 
heart tissue. The LPL in the heparin perfusate and in 
the residue were partially purified by heparin-Sepharose 
affinity and found to have a significant difference in ap- 
parent K, values for triglyceride. The reason for the 
abnormal kinetic behavior of LPL observed in the present 
study in the heparin extract of rat heart is unknown. 
Several possibilities have been considered at present: I) 
heterogeneity of LPL in the heparin extract of heart 
tissue; 2) a modulator factor in the heparin extract; 3) 
the sigmoidal response may be due to an intrinsic property 
of LPL. Determination of the actual molecular basis for 
this behavior will await future study of the purified en- 
zyme. Regardless of the actual explanation, the fact that 
LPL from adipose tissue and heart under identical assay 
conditions exhibited different kinetic properties clearly 
supports the suggestion that LPL from different tissues 
may have different properties (10). This has important 
implications in the regulation of the plasma triglyceride 
level and deserves a further detailed comparative study. 

Similar to heparin-releasable tissue LPL, there was also 
no significant difference in postheparin plasma LPL ac- 
tivities of lean and obese Zucker rats (Tables 1 and 2). 
Thus, the heparin-releasable tissue LPL and postheparin 
plasma LPL activities correlated. However, for the as- 
sessment of removal of triglyceride from the plasma, the 
measurement of plasma postheparin LPL might be pre- 
ferred since this activity represents the total heparin-ac- 
cessible tissue LPL released into the blood compartment, 
rather than the activity derived from a single specific 
tissue. In contrast to the finding of similar activity of LPL 
in postheparin plasma of lean and obese rats, we observed 
a significantly higher activity of H-TGL in obese rats. It 
is apparent that the higher H-TGL could not alleviate 
the hypertriglyceridemia in the obese rats, possibly be- 
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cause the in vivo accumulated triglyceride-rich lipopro- 
teins were poor substrates for H-TGL. The mechanism 
of higher H-TGL in obese rats is not clear. One possible 
mechanism is that its activity was induced in liver (25) 
by the hyperinsulinemia in obese Zucker rats (12, 26). 
Another possible mechanism is that its activity was induced 
in the liver in response to hypertriglyceridemia. We are 
currently investigating these and other possible mecha- 
nisms. 

From the measurement of LPL activity and exami- 
nation of kinetic properties of LPL, we have concluded 
that the level and functional properties of LPL were not 
responsible for the hypertriglyceridemia in obese Zucker 
rats. However, because the rate of lipolysis is not depen- 
dent on the enzyme alone, we also examined the possible 
contribution of retarded lipolysis of the substrate due to 
an abnormality in the triglyceride-rich lipoproteins se- 
creted by the liver. These studies demonstrated differ- 
ences in fatty acid composition of triglyceride in VLDL 
secreted by livers from lean and obese animals. There 
was a higher percent content of palmitate and lower con- 
tent of linoleate in secreted VLDL from the obese rat 
liver. This difference probably reflects enhanced hepatic 
synthesis of palmitate by the liver of the obese genotype 
(27, 28). The  fatty acid composition of perfusate tri- 
glyceride reflected that of liver triglyceride, except for 
oleate which was enriched in the hepatic VLDL. This is 
the result of the use of oleate substrate in the liver per- 
fusion and the preferential secretion of the free fatty acid 
substrate in newly synthesized VLDL particles (7). Ac- 
cordingly, the percentages of oleate in the triglyceride 
secreted by lean and by obese rat livers were similar (Table 
4). Despite the differences in fatty acid composition of 
VLDL, the VLDL from the lean and obese rats exhibited 
similar rates of lipolysis. The VLDL from both lean and 
obese rat liver perfusates contained sufficient amounts of 
functionally active cofactor apolipoprotein C-11, based on 
the finding that the addition of serum to the lipolysis 
mixture did not enhance the rate of lypolysis. The  red 
blood cells in the perfusion medium were washed three 
times and were devoid of apolipoprotein C-I1 activity. 
The kinetics of VLDL-triglyceride degradation were 
found to be in conformity with pseudo-first order kinetics 
when the lipolysis is less than 50%. This is probably due 
to the lack of product inhibition in this period. From this 
study, we have concluded that there is no abnormality 
in the structure of the VLDL particles secreted by the 
obese rat liver, at least in terms of its lipolytic degradation 
by LPL. 

Previous studies have clearly demonstrated the hy- 
persecretion of triglyceride-rich lipoproteins by the obese 
Zucker rat liver (6, 7). In the present study, w e  have 
provided evidence for a normally functional lipolytic sys- 
tem in the obese rat. Therefore. we have concluded that 

the hypertriglyceridemia of the obese Zucker rat is pri- 
marily due to the hepatic hypersecretion of triglyceride- 
rich lipoproteins which exceeds the capacity of the lipolytic 
system in the initial step of the removal process. Redgrave 
(5) observed that partially degraded chylomicron particles 
accumulate in the plasma of these animals. The prolonged 
half-life of chylomicron triglyceride concurrent with in- 
creased plasma triglyceride turnover (5) is entirely con- 
sistent with near saturation of LPL-catalyzed triglyceride 
removal. The increased food intake of the obese Zucker 
rat may accordingly exacerbate the hyperlipemic con- 
diti0n.M 
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