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Abstract The objective of this study was to establish a new
lipoprotein lipase (LPL) and hepatic lipase (HL) activity assay
method. Seventy normal volunteers were recruited. Lipase
activities were assayed by measuring the increase in ab-
sorbance at 546 nm due to the quinoneine dye. Reaction
mixture-1 (R-1) contained dioleoylglycerol solubilized with
lauryldimethylaminobetaine, monoacylglycerol-specific lipase,
glycerolkinase, glycerol-3-phosphate oxidase, peroxidase,
ascorbic acid oxidase, and apolipoprotein C-II (apoC-II). R-2
contained Tris-HCl (pH 8.7) and 4-aminoantipyrine. Auto-
mated assay of lipase activities was performed with an auto-
matic clinical analyzer. In the assay for HL 1 LPL activity,
160 ml R-1 was incubated at 37°C with 2 ml of sample for
5 min, and 80 ml R-2 was added. HL activities were measured
under the same conditions without apoC-II. HL and LPL activ-
ities were also measured by the conventional isotope method
and for HLmass by ELISA. Lipase activity detected in a 1.6 M
NaCl-eluted fraction from a heparin-Sepharose column was
enhanced by adding purified apoC-II in a dose-dependent
manner, whereas that eluted by 0.8 M NaCl was not. Post-
heparin plasma-LPL and HL activities measured in the pres-
ent automated method had high correlations with those
measured by conventional activity and mass methods. This
automated assay method for LPL and HL activities is simple
and reliable and can be applied to an automatic clinical ana-
lyzer.—Imamura, S., J. Kobayashi, K. Nakajima, S. Sakasegawa,
A. Nohara, T. Noguchi, M. A. Kawashiri, A. Inazu, S. S. Deeb, H.
Mabuchi, and J. D. Brunzell. A novel method for measuring
human lipoprotein lipase and hepatic lipase activities in post-
heparin plasma. J. Lipid Res. 2008. 49: 1431–1437.
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Lipoprotein lipase (LPL) plays a central role in lipo-
protein metabolism by catalyzing hydrolysis of triglycerides
(TGs) in chylomicrons and VLDL particles (1). Hepatic
lipase (HL) is synthesized by hepatocytes and bound to
heparin sulfate proteoglycans at the surface of liver sinu-
soidal capillaries, which hydrolyzes TGs and phospholipids
in chylomicron remnants, intermediate density lipoproteins
(IDLs), and HDLs (1).

Patients with LPL deficiency present with marked hyper-
triglyceridemia with accumulation of chylomicrons (1–3).
Patients with HL deficiency present with hypercholes-
terolemia and hypertriglyceridemia and accumulation of
b-VLDLs, chylomicron remnants, IDLs, and TG-rich LDLs
and HDLs (4–9).

The diagnosis of LPL and HL deficiency is based on the
lack of their respective enzyme activities in postheparin
plasma (PHP) from affected individuals (1). The conven-
tionally available method for measuring LPL and HL activ-
ity has been the use of 3H- or 14C-labeled trioleoyl glycerol
as substrate in the presence of 1 M NaCl or the anti-LPL
monoclonal antibody, 5D2 (10, 11); remaining activity is
considered to be HL activity under these conditions. How-
ever, this assay procedure is complicated and is not suitable
for routine clinical or research work. Methods for measuring
LPL or HL protein mass by ELISA in PHP have been devel-
oped by several groups, including ours, in the last two de-
cades (10–15). These methods have provided considerable
evidence for understanding how the amount of LPL or HL
protein changes in variable metabolic disorders. To diag-
nose LPL or HL deficiency, it is essential to determine the
absence of the respective lipase activity in PHP, because
there are patients with normal mass and lipase activity for
each (1). Very recently, we reported a new and simple assay
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method for measuring HL activities in PHP using 1,2-
dioleylglycerol as a substrate and a specific monoglyceride
lipase, producing a violet quinonediimine dye, which does
not necessitate isotope-labeled substrate (16).

In consideration of the above, we have developed and
established a novel and simple assay system for measur-
ing both LPL and HL activities in PHP using dioleylglycerol
as a substrate, which is applicable to an automatic clini-
cal analyzer.

MATERIALS AND METHODS

Materials
Seventy normal volunteers [44 African American (M/F 20/24),

26 Japanese American (M/F 9/17)] were recruited (Table 1).
A statement of institutional approval of the study in accor-

dance with the Declaration of Helsinki was provided, and in-
formed consent was obtained from all of the participants in this
study. Exclusion of subjects included those diagnosed with dia-
betes mellitus, abnormal liver or muscle enzymes, creatinemia,
use of lipid-lowering drugs, habitual alcohol intake of more than
three standard drinks per day, or endocrinological disorder.
Blood samples were obtained following at least 12 h fasting.
PHP was obtained 10 min after 60 U/kg intravenous heparin
injection. Purified human apolipoprotein C-II (apoC-II) was
purchased from Sigma Co. Ltd (St. Louis, MO). All of the assays
were done in a blinded fashion.

Method for measuring lipase activities in partially purified
HL and LPL fractions

The reaction sequence is shown in Fig. 1.
HL and LPL were prepared from PHP from a Japanese normal

volunteer using heparin-Sepharose column chromatography
(14). HL and LPL were eluted with 0.8 M NaCl and 1.6 M NaCl,
respectively. Lipase activities were assayed measuring the in-
crease in absorbance at 546 nm (subwave length; 660 nm) due
to the production of quinonediimine dye based on the previ-
ously described assay procedure (17, 18). Reaction mixture-1
(R-1) contained 0.7 mM dioleylglycerol solubilized with 0.03%
lauryldimethylaminobetaine (ampholitic detergent), 3 mM ATP,
3 mM MgCl2, 1.5 mM CaCl2, monoacylglycerol-specific lipase
(0.75 U/ml), glycerolkinase (0.75 U/ml), glycerol-3-phosphate
oxidase (37.5 U/ml), 0.05% N, N-bis-(4-sulfobutyl)-3-methylaniline-
2 Na, peroxidase (3 U/ml), ascorbic acid oxidase (10 U/ml), and
partially purified apoC-II fraction obtained from porcine plasma.
R-2 contained 200mMTris-HCl (pH 9.5), 0.15%4-aminoantypirine.

Automated assay of lipase activity was performed with a Model
7080 Hitachi automatic clinical analyzer. In the lipase assay,
160 ml of R-1 with apoC-II was incubated at 37°C with 2 ml of
sample for 5 min, then 80 ml of R-2 was added. The increasing
absorbance at 546 nm after 3 min lag time was measured (HL 1
LPL activity). Simultaneously, HL activities were measured at
another channel of the analyzer using R-1 without apoC-II,
and then R-2 was added. LPL activities were calculated by de-
ducting HL activity from HL 1 LPL activity.

Lipase activities generating 1 mmol monoglyceride from diglyc-
eride per min were defined as 1 unit.

Within-run coefficient of variation was 2.2% (n 5 10).

Separation of HL and LPL by heparin-Sepharose CL6B
PHP (5 ml) was dialyzed against 1 liter of 1.6 M NaCl contain-

ing 10 mM PIPES-NaOH (pH 7.5) at 4°C for 18 h. The solution
was dialyzed against 500 ml of 0.3 M NaCl containing 10 mM
PIPES-NaOH (pH 7.5) at 4°C for 18 h, and then applied to a
heparin-Sepharose CL6B column (1.6 3 2.5 cm). The column
was washed with 30 ml of 0.3 M NaCl containing 0.1 mM EDTA,
10% sucrose, 0.025% BSA, and 10 mM PIPES-NaOH (pH 7.5).
HL and LPL were eluted with 100 ml of 0.8 M NaCl contain-
ing 0.1 mM EDTA, 10% sucrose, 0.025% BSA, 10 mM PIPES-
NaOH (pH 7.5), and 50 ml of 1.6 M NaCl containing 0.1 mM
EDTA, 10% sucrose, 0.025% BSA, and 10 mM PIPES-NaOH
(pH 7.5), respectively. These HL and LPL fractions were con-
centrated with an Amicone Ultra (molecular cut; 30 kDa), recon-
stituted with 2 ml of 10 mM PIPES-NaOH (pH 7.5) containing
10% sucrose and 0.1 mM EDTA. The concentrated HL and
LPL were stored at 220°C until used.

Method for measuring LPL and HL activities and their
mass in PHP by conventional methods

Total lipase activities in PHP were measured using [14C]triolein,
based on the previously reported method (10, 11). The remain-
ing activity in the presence of monoclonal antibody 5D2 was
defined as HL activity. LPL activities were calculated as the dif-
ferences between total lipase and HL activities. LPL and HL
mass were measured using a sandwich ELISA following the pre-
viously described methods (13, 15), with the exception that PHP
samples were diluted 1:10 prior to assay for HL mass.

Statistical analysis
Statistical evaluation was performed using Stat View-J 5.0 soft-

ware (SAS Institute, Cary, NC, on a Macintosh Computer). Pear-
sonʼs correlation coefficients analysis was carried out. Results
were expressed as mean 6 SD, and the significance levels were
set at P , 0.05.

TABLE 1. Clinical profile of study subjects

Total (n 5 70) AA (n 5 44) JA (n 5 26)

Mean SD Mean SD Mean SD

Age, yr 41.6 12.0 3.93 11.1 45.5 12.6
BMI, kg/m2 27.0 5.3 28.3 5.6 24.7 3.8
Total cholesterol, mg/dl 181 37.7 176 36.4 191 38.6
Triglycerides, mg/dl 69.0 52–109 56.5 48–86 87.5 69–143
RLP-triglycerides, mg/dl 5.6 3.9–9.8 5.0 3.7–7.5 7.5 5.1–17.3
HDL-cholesterol, mg/dl 55.5 14.9 53.7 13.3 58.5 17.2

AA, African American; BMI, body mass index; JA, Japanese American; RLP, remnant-like particle. Data are
shown as mean 6 SD except for triglycerides. Triglycerides are shown as median (interquartile range).
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RESULTS

Lipase activity detected in the fractions eluted by 0.8 M
and 1.6 M NaCl using reaction mixtures containing
0.5 mM dioleylglycerol

Lipase activities were detected in the fractions of heparin-
Sepharose chromatography eluted in 0.8 M NaCl and
1.6 M NaCl (Fig. 2). The lipase activities in the fraction
eluted in 0.8 M NaCl were not enhanced at all in the pres-
ence of apoC-II, indicating that the activities in this frac-
tion derived from HL, whereas those eluted 1.6 M NaCl
were enhanced in a dose-dependent manner, reaching
a maximum at an apoC-II concentration of 5 mg/ml
(Fig. 3A).

Measurement of lipase activities in serially diluted PHP
from a volunteer in the presence or absence of purified
human apoC-II was conducted (Fig. 3B). Those curves
corresponding to total (apoC-II1), HL (apoC-II2), and
LPL (subtracted values between total and HL) activities
showed linearity.

Correlation between LPL and HL activity by the
automated method and those determined by the
conventional method in PHP

LPL activity in PHP was highly correlated with that by
the conventional isotope method (r 2 5 0.63) (Fig. 4A)
and was similar in both ethnic groups.

HL activity in PHP also was highly correlated with that
by the conventional isotope method (r2 5 0.85) (Fig. 4B).

Correlation of HL activity by the automated method
and those determined by the conventional method
with HL mass

Both the automated and isotope HL activities correlated
with HL mass by ELISA [r2 5 0.87 (n5 27), r2 5 0.90 (n5
27), respectively] (Fig. 5).

Correlation of LPL activity by the automated method
and those determined by the conventional method with
LPL mass

Both the automated and isotope LPL activities corre-
lated with LPL mass by ELISA [r2 5 0.47 (n 5 21), r2 5
0.66 (n 5 21), respectively] (Fig. 6).

Fig. 1. The reaction sequence of the automated method. Hepatic lipase (HL) or lipoprotein lipase hydro-
lyzes the clear substrate solution to produce a 2-monoglyceride, which in turn releases glycerol by the action
of a 2-monoglyceride lipase. Produced glycerol is then assayed by a sequence of enzymatic actions (glycerol
kinase, glycerol phosphate oxidase, and peroxidase) that produce a violet quinone monoimine dye. AA,
aminoantipyrine; TODB, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidone.

Fig. 2. Separation of HL and lipoprotein lipase (LPL) by heparin-
Sepharose CL6B. Postheparin plasma (PHP) sample (5 ml) was dia-
lyzed against 1 liter of 1.6 M NaCl containing 10 mM PIPES-NaOH
(pH 7.5) at 4°C for 18 h. The solution was dialyzed against 500 ml
of 0.3 M NaCl containing 10 mM PIPES-NaOH (pH 7.5) at 4°C
for 18 h, and then applied to a heparin-Sepharose CL6B column
(1.6 3 2.5 cm). The column was washed with 30 ml of 0.3 M NaCl
containing 0.1 mM EDTA, 10% sucrose, 0.025% BSA, and 10 mM
PIPES-NaOH (pH 7.5). HL and LPL were eluted with 100 ml of
0.8 M NaCl containing 0.1 mM EDTA, 10% sucrose, 0.025% BSA,
10 mM PIPES-NaOH (pH 7.5), and 50 ml of 1.6 M NaCl contain-
ing 0.1 mM EDTA, 10% sucrose, 0.025% BSA, and 10 mM PIPES-
NaOH (pH 7.5), respectively. These HL and LPL fractions were
concentrated with an Amicone Ultra (molecular cut; 30 kDa), re-
constituted with 2 ml of 10 mM PIPES-NaOH (pH 7.5) containing
10% sucrose and 0.1 mM EDTA. The concentrated HL and LPL
were stored at 220°C until used. Lipase activities were assayed in
either the presence or the absence of 5 mg purified human apo-
lipoprotein C-II (apoC-II) as described in Materials and Methods.
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The automated LPL activity and the HL activity corre-
lated with HDL-cholesterol levels in all subjects (r 5 0.20,
P 5 0.08; r 5 20.343, P 5 0.004, respectively). The auto-
mated HL activity also correlated with plasma TG (r 5
0.500, P , 0.0001) and remnant-like particle TG (r 5 0.511,
P, 0.0001) in all subjects.

DISCUSSION

In the present study, we have described an automated
kinetic colorimetric method for assaying LPL and HL
activities in PHP by using a natural long-chain fatty acid,

1,2-diglyceride. In the presence of apoC-II, LPL hydrolyzes
the clear substrate solution to produce a 2-monoglyceride,
which in turn releases glycerol by the action of a 2-
monoglyceride lipase. The glycerol produced is then as-
sayed by a sequence of enzymatic actions (glycerol kinase,
glycerol phosphate oxidase, and peroxidase) that pro-
duce a violet quinone monoimine dye (Fig. 1). One of the
key elements of expressing LPL and HL activities in this
method was the property of the detergent in the reaction
mixture. In a previous study, we reported a new and
simple assay method of measuring HL activities in PHP
using 1,2-dioleylglycerol as a substrate and a specific
monoglyceride lipase, producing a violet quinonediimine

Fig. 3. Effect of addition of purified human apoC-II on HL or LPL activities. A: The lipase activities in the
fraction eluted in 0.8 M NaCl (HL) were not enhanced with apoC-II, whereas those eluted in 1.6 M NaCl
(LPL) were enhanced in a dose-dependent manner until apoC-II concentration in the reaction mixture was
5 mg/ml. B: Measurement of lipase activities in serially diluted PHP from a volunteer in the presence or
absence of purified human apoC-II. Each point represents the average of duplicate values and the duplicate
values differed by less than 5%. A 30 milliabsorbance/min at 550nm on the vertical line corresponds to
213 U/l of activities.

Fig. 4. A: Correlation graph of automated LPL activities in PHP and those in the conventional isotope method in whole subjects (n 5 70).
B: Correlation graph of automated HL activities in PHP and those in the conventional isotope method in whole subjects (n 5 70).
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dye (16). In that method, we discovered that the existence
of polyoxyethylene-nonylphenylether, a nonionic deter-
gent, in the reaction mixture could be a critical factor con-
tributing to expressing the enzyme activities of HL. We
assumed that this nonionic detergent would be useful for
the determination of LPL activities as well. However, un-
expectedly, this detergent was found to strongly inhibit
LPL activity (data not shown), prompting us to look for
other detergents to obtain optimal conditions for LPL ac-
tivities. In the present study, we found that an ampholitic
detergent, lauryldimethylaminobetaine, at certain concen-
trations increased both LPL and HL activities.

The result seen in Fig. 2, showing that lipase activities in
the 1.6 M NaCl-eluted fraction of the heparin-Sepharose
column were detected only in the presence of apoC-II, is
consistent with the biochemical property of LPL. The re-

sult seen in Fig. 3A confirmed that the 1.6 M NaCl-eluted
fraction contained LPL, whereas the 0.8 M NaCl-eluted
fraction contained HL. These results indicate that our
current method using the ampholytic detergent is use-
ful for measuring both LPL and HL activities, which was
not the case with the method using the above-mentioned
nonionic detergent.

To further validate the automated LPL and HL activity
assays, we compared them with an established isotope
method for each and to LPL and HL ELISAs. The auto-
mated LPL activity assay correlated highly with both
the isotope LPL activity assay and the LPL ELISA, which
indicates that each of these three assays are measuring
properties of the same protein. The LPL ELISA identifies
nonhomodimeric mass as well as homodimer, which is
consistent with the intersect of the regression line shown

Fig. 6. Correlation of automated (A) and isotope (B) LPL activity with LPL mass by ELISA. N 5 21 subjects.

Fig. 5. Correlation of automated (A) and isotope (B) HL activity with HL mass by ELISA. N 5 27 subjects.
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in Fig. 6. The data are remarkable when one considers that
both the automated and isotope LPL activities are calcu-
lated from the total activity from which is subtracted the
HL activity. Similarly, the automated HL activity correlated
even better with both the isotope HL activity and mass by
ELISA. The isotope LPL and HL activity assays were con-
sidered the “gold standard” for the automated assays. This
is further validated by their relationships to the ELISA for
LPL and HL mass.

PHP LPL activity is derived from both adipose tissue
and muscle tissue, which are regulated in opposite direc-
tions. To obviate the problem with multiple tissue sources,
adipose tissue LPL activity has been studied in relation
to plasma TG metabolism (1). By the isotope method,
human adipose tissue LPL activity per cell has been shown
to be highly correlated with VLDL fractional catabolic
rates (r 5 0.80, P , 0.005) (19). Further, the change of
plasma TG following a carbohydrate meal is inversely cor-
related with the change in adipose tissue LPL activity in
humans (r 5 0.76, P , 0.01) (20). In addition, LPL activity
is zero in patients with functional mutations in both al-
leles, and at half-normal in the obligate heterozygote par-
ents of these children with LPL deficiency (11).

HL activity by the isotope method is highly correlated
with the amount of visceral adipose tissue (r 5 0.70, P ,
0.001) measured by abdominal computed tomography
(CT) scan (21). Further, the change in HL activity with
intensive lipid-lowering therapy in the Familial Athero-
sclerosis Trial correlated with the change in LDL peak
density (P , 0.001); and both peak density and HL ac-
tivity correlated (P , 0.001) with regression of coronary
artery disease as assessed by repeat quantitative angiogra-
phy (22). Genetic variants in the HL gene promoter pro-
duce consistent changes in HL activity among different
ethnic groups (23).

Thus, both the LPL and HL isotope activity assays have
been extensively related to physiological measures of lipid
metabolism. The automated method reflects the activities
of the isotope methods, but is more convenient to use.

HL automated lipase activity correlated with HDL-
cholesterol, further validating the new methodologies. In
addition, HL activity was associated with TG levels. The
correlation of plasma TG level with automated HL activity
is puzzling. We have noted that TG (r 5 0.70, P , 0.001)
and isotope HL activity (r 5 0.46, P , 0.001) are both re-
lated to intra-abdominal fat by CT scan in patients with
type 1 diabetes, but more weakly with each other (r 5
0.32, P 5 0.02) (unpublished data). Perhaps the same phe-
nomenon is occurring in this study. Also, we previously
reported that in Japanese subjects, HL activity in PHP
showed positive correlation with plasma TG levels, which
is not inconsistent with the present observation (24).

In summary, we have developed a novel and simple auto-
mated method for the assay of LPL and HL activities
in PHP, which is suitable for application to an automatic
clinical analyzer. The ability to perform hundreds of as-
says per run, rather than six to ten, provides an opportu-
nity for further understanding the functions of these two
critical enzymes in lipid and lipoprotein metabolism.

The authors wish to thank Alegria Albers for the performance
of the isotope assays and Steve Hashimoto for the performance
of the hepatic lipase ELISA.
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