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ABSTRACT. Due to the lack of a gold standard method in canine lipoprotein analysis, it is unclear whether canine high-density lipoprotein (HDL) 
and low-density lipoprotein (LDL) can be accurately evaluated by the lipoprotein analysis methods used for dogs. This study investigated 
whether the ultracentrifugation-precipitation (U-P) method was suitable as a gold standard method for analyzing canine lipoprotein. First, 
the U-P method was compared with a gel permeation high-performance liquid chromatography system (GP-HPLC). The concentrations of 
canine HDL cholesterol (HDL-C) and LDL cholesterol (LDL-C) determined by the U-P method correlated closely with those determined 
by GP-HPLC. However, the canine HDL-C concentration determined by the U-P method was lower than that determined by GP-HPLC, 
and the canine LDL-C concentration determined by the U-P method was higher than that determined by GP-HPLC. This study showed that 
some canine HDL could be precipitated with heparin manganese chloride solution. Second, the HDL and LDL fractions separated by the 
U-P method were analyzed by LC-MS/MS. The HDL fraction was found to contain only apolipoprotein A-I, which is an apolipoprotein 
of HDL, whereas the LDL fraction contained both apolipoprotein A-I and apolipoprotein B-100, which is an apolipoprotein of LDL. This 
data showed that a certain lipoprotein that includes apolipoprotein A-I might precipitate with canine LDL when using heparin manganese 
chloride solution. These results indicated that the U-P method is not currently a gold standard method for analyzing canine lipoproteins.
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Lipoproteins consist of proteins and lipids, and they 
transport lipids and cholesterol to many organs in the 
bloodstream. Human plasma lipoproteins are classified by 
specific density as chylomicrons (CM), very-low-density 
lipoproteins (VLDL), low-density lipoproteins (LDL) and 
high-density lipoproteins (HDL). VLDL and LDL include 
apolipoprotein B-100 (apo B-100), and the HDL particle 
includes apolipoprotein A-I (apo A-I). Since altered balance 
of human lipoproteins is involved in arteriosclerosis, cardio-
vascular diseases and metabolic syndrome [4, 6, 7, 12], the 
importance of analyzing the human lipoprotein profile has 
been gaining recognition. In the area of veterinary medicine, 
the analysis of canine lipoproteins is not often utilized, be-
cause its clinical significance remains unclear [3, 10]. Few 
reports have addressed the analysis of canine lipoproteins. 
In addition, human lipoproteins separate perfectly according 
to density: the density of LDL particles ranges from 1.019 
to 1.063 g/ml, and that of HDL particles ranges from 1.063 
to 1.210 g/ml. Therefore, the ultracentrifugation method [9], 
whereby lipoproteins are separated by specific density, is the 

gold standard method for analyzing human lipoproteins. A 
gel permeation high-performance liquid chromatography 
system (GP-HPLC) [20] and polyacrylamide gel and agarose 
gel electrophoresis [8, 13] are used as methods for detailed 
examination of human lipoproteins. However, canine lipo-
proteins are not separated by their specific density, because 
the densities of canine HDL and LDL particles overlap 
[15]: canine LDL particles are detected in the wide density 
range of 1.006 to 1.087 g/ml, and canine HDL particles are 
detected in the range of 1.025 to 1.210 g/ml. Therefore, 
Barrie et al. [2] reported a combined ultracentrifugation and 
precipitation (U-P) method for fractionating the canine lipo-
proteins from canine plasma. Because canine VLDL, LDL 
and HDL were fractionated using the U-P method, it was 
supposed that this method could be appropriate for analyzing 
canine lipoproteins in canine plasma. In the report of Barrie 
et al. [2], canine apo A-I and apo B-100 were not analyzed 
using detailed methods. Currently, antibodies against canine 
apo A-I and apo B-100 are unavailable, meaning that im-
munological analysis is not possible for canine lipoproteins. 
The agarose gel electrophoresis method was utilized for 
analyzing canine lipoproteins in a few reports [1]. Recently, 
Mizutani et al. [17] reported that GP-HPLC would be useful 
in explication in veterinary practice. However, it remains un-
clear whether those methods can accurately separate canine 
HDL from canine LDL. Therefore, there is no gold standard 
method for analyzing canine lipoproteins. For this reason, 
the U-P method was examined for its suitability as a gold 
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standard method for canine lipoprotein analysis. Puppione 
et al. [18] had reported detecting canine apo A-I, apolipo-
protein A-II, proapolipoprotein A-I, apolipoprotein C-II 
and apolipoprotein A-IV in canine HDL using tandem mass 
spectrometry (MSMS), suggesting that mass spectrometry 
could be an efficient method for detecting canine apolipo-
proteins. Therefore, we employed liquid chromatography 
tandem mass spectrometry (LC-MS/MS) to perform detailed 
analyses of canine lipoproteins in this study. Moreover, it 
was supposed that specific antibodies against canine apo A-I 
and apo B-100 would not be necessary for detecting those 
canine apolipoproteins. In the present study, to examine 
whether the U-P method was suitable as a gold standard 
method for canine lipoprotein analysis, the canine HDL and 
LDL fractions obtained by the U-P method were analyzed in 
detail through LC-MS/MS.

MATERIALS AND METHODS

Dogs: Four adult male and 4 adult female beagle dogs 
were used in this study. It was carried out in accordance with 
Hokkaido University guidelines for the care and use of ex-
perimental animals, which basically conform to those of the 
Association for Assessment and Accreditation of Laboratory 
Animal Care (AAALAC) International. The study was ap-
proved by the Committee for Laboratory Animals, Graduate 
School of Veterinary Medicine, Hokkaido University (ap-
proval number 08-0473).

The ultracentrifugation-precipitation method for canine 
lipoprotein analysis: The ultracentrifugation-precipitation 
(U-P) method for canine lipoprotein analysis was performed 
using the protocol of Barrie et al. [2] with some modifica-
tions. Briefly, blood samples were collected from dogs that 
had been fasted for 24 hr. Peripheral blood was taken into 
tubes with EDTA, and the plasma was separated by centrifu-
gation at 1,500 × g for 10 min at 4°C. Four milliliters of the 
plasma was placed in a thermoplastic ultracentrifuge tube 
and overlayered with 6 ml of 154 mM NaCl. The tube was 
capped and centrifuged at 164,000 × g for 18 hr at 4°C in 
an ultracentrifuge (Beckman L7-55 Ultracentrifuge, Beck-
man Coulter Inc., Brea, CA, U.S.A.). Three milliliters of the 
upper layer, which included lipoproteins with a density of 
less than 1.006 g/ml(VLDL), were removed as the VLDL 
fraction. Seven milliliters of the lower layer containing li-
poproteins with a density greater than 1.006 g/ml(HDL and 
LDL) were collected as the HDL+LDL fraction. The LDL in 
the HDL+LDL fraction was precipitated by incubation with 
400 µl of 1 U/µl heparin for 10 min and 5 ml of 101 mM 
MnCl2 for 30 min on ice. After centrifugation at 10,800 × 
g for 30 min at 4°C, the resultant supernatant was collected 
as the HDL fraction, and the sediment was collected as the 
LDL fraction.

Measurement of cholesterol concentration in fractions 
separated by the ultracentrifugation-precipitation method: 
The cholesterol concentrations of intact plasma (total choles-
terol), the HDL+LDL fraction and the HDL fraction (HDL-
cholesterol, HDL-C) were measured using an enzymatic as-
say (Chorestest®, Sekisui Medical Co., Ltd., Tokyo, Japan) 

with a spectrophotometer (U-3210, Hitachi, Tokyo, Japan). 
The LDL-cholesterol (LDL-C) concentration was calculated 
as the difference between the cholesterol concentration of 
the HDL+LDL fraction and that of the HDL fraction. For 
the U-P method, the LDL/HDL ratio was calculated from the 
LDL-C and HDL-C concentrations calculated above.

Analysis of canine lipoprotein using GP-HPLC: Lipopro-
tein analyses of intact plasma and the HDL+LDL and HDL 
fractions were performed using commercial GP-HPLC ser-
vice (LipoTEST, Spectrum Lab. Japan Co., Ltd., Tokyo, Ja-
pan). The concentrations of HDL-C and LDL-C determined 
by the U-P method were compared with those determined 
by GP-HPLC. The LDL/HDL ratio of GP-HPLC was also 
calculated.

LC-MS/MS sample preparation by tryptic digestion: 
LC-MS/MS sample preparation was performed using the 
methods of Rosenfeld et al. [19] and Wilm et al. [21] with 
some modifications. Briefly, 7 microliters of the HDL+LDL, 
HDL and LDL fractions, separated using the U-P method, 
were subjected to SDS polyacrylamide gel electrophoresis 
(SDS-PAGE) with 4–20% gradient acrylamide gels (Ready 
Gel J, Bio-Rad Laboratories, Inc., Benicia, CA, U.S.A.) and 
stained with Coomassie Brilliant Blue [14]. The stained pro-
tein’s bands were excised with a scalpel, washed with 100 
µl of 50% acetonitrile in 25 mM ammonium carbonate and 
left to dry at RT for 10 min with shaking in an Eppendorf 
Thermomixer. The gel slices were dehydrated with 100 µl 
acetonitrile and dried in a vacuum centrifugal dryer (Thermo 
Savant SPD SpeedVac, with a Savant UVS 400 Universal 
Vacuum System, Thermo Fisher Scientific Inc., Waltham, 
MA, U.S.A.). Then, the gel slices were alkylated with 55 
mM iodoacetamide and 25 mM ammonium carbonate in 
light interception with aluminum foil for 45 min. Thirty mi-
croliters of 10 µl/ml trypsin gold (Promega Corp., Madison, 
WI, U.S.A.) was added to the gel slices, and the gel slices 
were added to 50 mM ammonium carbonate and incubated 
on ice for 30 min. After absorption of the protease solution, 
the gel slices were incubated at 37°C for 12 hr. To extract 
hydrophilic and hydrophobic peptides from the gel slices, 
we performed a three-step extraction. The first extracted so-
lution (50% acetonitrile and 5% trifluoroacetic acid [TFA]) 
was added to the gel slices and then incubated in an ultrasonic 
bath (USC-6, Osada, Inc., Los Angeles, CA, U.S.A.) for 10 
min. Next, the second extracted solution (99% acetonitrile 
and 0.1% TFA) was added to the gel slices and incubated in 
an ultrasonic bath for 10 min. Finally, the third extraction 
(99.9% ultrapure water and 0.1% TFA) was added to the gel 
slices and incubated in an ultrasonic bath. These samples 
produced by the three-step extraction were concentrated to 
~20 µl in the vacuum centrifugal dryer.

LC-MS/MS analysis: The samples prepared above were 
analyzed by Fourier transform mass spectrometry (LTQ Or-
bitrap, Thermo Fisher Scientific Inc., Waltham, MA, U.S.A.) 
interfaced with the UltiMate 3000 Nano LC systems (Thermo 
Fisher Scientific Inc.) equipped with a trap column (Zorbax 
300 SB-C18, 0.3 × 5 mm, Agilent Technology, Santa Clara, 
CA, U.S.A.) and analytical column (Acclaim PepMap100 3 
µm 100 Ǻ, Dionex Corp., Sunnyvale, CA, U.S.A.) in ace-
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tonitrile gradient (acetonitrile:water=70:30, v/v). Peak lists 
were generated from raw LC-MS/MS spectra using Xcalibur 
2.0.7 (Thermo Fisher Scientific Inc.). The raw data acquired 
by the mass spectrometry experiment were searched against 
the National Center for Biological Information (NCBI) da-
tabases (www.ncbi.nlm.nih.gov) using Proteome Discoverer 
1.0 (Thermo Fisher Scientific Inc.).

Statistical analysis: The correlation of the HDL-C and 
LDL-C concentrations between the U-P method and GP-
HPLC was investigated by Pearson’s correlation coefficient 
test. Results were considered as correlated when r was sig-
nificantly different from 0 (P<0.05) and over 0.7.

RESULTS

Analysis of canine lipoproteins in fractions separated 
using the ultracentrifugation-precipitation method: First, 
intact canine plasma, the HDL plus LDL fractions and HDL 
fractions separated by the U-P method were analyzed using 
GP-HPLC. The peaks of VLDL, LDL and HDL cholesterol 
were identified in intact plasma, but no peak was observed 
for CM cholesterol, because of the 24 hr fast (Fig. 1A). The 
HDL+LDL fraction showed peaks for LDL and HDL cho-
lesterol, but not for VLDL cholesterol (Fig. 1B). Moreover 
the HDL fraction showed only one peak of HDL cholesterol 
(Fig. 1C). Next, the concentrations of HDL and LDL cho-

lesterol determined using the U-P method were compared 
with those determined by GP-HPLC. The canine HDL-C 
concentration determined by the U-P method correlated well 
(r=0.94), but was not the same as that determined by GP-
HPLC (Fig. 2A). The concentrations of canine HDL-C deter-
mined by the U-P method were lower than those determined 
by GP-HPLC. The canine LDL-C concentration determined 
by the U-P method correlated well with that determined by 
GP-HPLC (r=0.93) (Fig. 2B). However, the concentrations 
of canine LDL-C determined by the U-P method were higher 
than those determined by GP-HPLC. The canine LDL/HDL 
ratio determined by the U-P method correlated with that 
determined by GP-HPLC (r=0.75), but was not the same as 
that determined by GP-HPLC (Fig. 2C).

SDS-PAGE of the canine HDL+LDL, HDL and LDL 
fractions: The canine HDL+LDL, HDL and LDL fractions 
separated by the U-P method were subjected to SDS-PAGE. 
It was found that the canine HDL+LDL, HDL and LDL frac-
tions from 3 healthy dogs included several proteins, and the 
amounts of these proteins were different in each dog (Fig. 
3). In the HDL+LDL and LDL fractions, proteins with an 
estimated molecular weight of greater than 250 kDa and of 
approximately 25 kDa were detected in all dogs (Fig. 3A and 
3C). In the HDL fraction, proteins with an estimated molecu-
lar weight of approximately 25 kDa were detected in all dogs 
(Fig. 3B). In both the HDL and LDL fractions, proteins with 

Fig. 1.	 GP-HPLC of canine lipoprotein 
in intact dog plasma (A) and of the 
HDL+LDL fraction (B) and HDL frac-
tion (C) separated by the U-P method. 
Solid line: Cholesterol concentration. 
This analysis was repeated three times. 
The figure is representative of the three 
experiments.
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an estimated molecular weight of approximately 35 and 60 
kDa were also detected (Fig. 3B and 3C).

LC-MS/MS analysis of the canine apolipoprotein A-I and 
apolipoprotein B-100: The proteins with a molecular weight 
of 25 kDa in the HDL fraction were analyzed using LC-MS/
MS. The results of LC-MS/MS analysis are shown in Fig. 4. 
The proteins were identified significantly as apo A-I (Fig. 4). 
The proteins with a molecular weight of more than 250 kDa 
in the LDL fraction were also analyzed using the LC-MS/
MS and identified significantly as canine apo B-100 (Fig. 5). 
The proteins with a molecular weight of 60 kDa were identi-
fied as canine albumin (data not shown). The proteins with a 
molecular weight of 35 kDa were identified as haptoglobin 
(data not shown).

DISCUSSION

The present study examined the U-P method for its suit-
ability as a gold standard method for canine lipoprotein 
analysis. Since it was reported that GP-HPLC was an ef-
ficient method in small animals [17], the U-P method was 
compared with GP-HPLC first. In the U-P method, an 
ultracentrifuge separates VLDL particles by specific grav-
ity, and a heparin manganese chloride solution precipitates 
LDL particles [2]. GP-HPLC separates the particles based 
on size by using a specialized column [17]. It was confirmed 

that VLDL particles were removed from canine plasma by 
ultracentrifugation and that LDL was removed from the 
HDL+LDL fraction by precipitation. Moreover, the HDL-C 
and LDL-C concentrations determined by the U-P method 
correlated well with those determined by GP-HPLC, al-
though the results of the U-P method were not consistent 
with those of GP-HPLC. It was suggested that some of the 
canine HDL could be precipitated with heparin manganese 
chloride solution, resulting in a higher LDL-C concentration 
and lower HDL-C concentration in the U-P method than in 
GP-HPLC. Furthermore, the presence in canine plasma of 
an apolipoprotein E (apo E)-rich subfraction of HDL with a 
similar density to LDL and apo E, which may co-precipitate 
with LDL under certain conditions, may invalidate some of 
the methodologies used for the measurement of canine LDL-
C and HDL-C concentrations [2]. Therefore, the HDL and 
LDL fractions separated by the U-P method were analyzed 
further by LC-MS/MS.

In the present study, analysis of the enzymatic fragment 
by LC-MS/MS was obviously an important way of detect-
ing canine apo A-I and apo B-100. In the HDL fraction, apo 
A-I was detected. This result shows that the HDL fraction 
contained only lipoprotein having apo A-I. In the LDL frac-
tion, both apo B-100 and apo A-I were detected. This result 
shows that the LDL fraction contains lipoproteins having 
apo A-I and apo B-100. The present results agree with those 

Fig. 2.	 Correlation of HDL-C (A) and LDL-C (B) concentrations 
and LDL/HDL ratio (C) between the U-P method and GP-HPLC. 
Five beagle dogs were used in this study.
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of Barrie et al. [2]. It is possible that a portion of the canine 
HDL was precipitated with the heparin manganese chloride 
solution. The canine HDL that was precipitated with canine 
LDL might include apo E, as Barrie et al. suggested [2]. It 
is known that an apo E-rich subfraction of HDL is present in 
canine plasma [16] and has a similar density and behavior 
to LDL [2], although this indication is not studied. Accord-

ingly, this canine HDL could be a different lipoprotein from 
true canine HDL. Since the characteristics of this canine 
lipoprotein remain unclear, so does its role. Furthermore, 
it is also possible that there would be lipoproteins having 
both apo B-100 and apo A-I in dogs. Quantitative analysis of 
lipoprotein fractions shows that human LDL particles hav-
ing apo B-100 have certain amounts of apo A-I and apo E 

Fig. 3.	 SDS-PAGE analysis of the HDL+LDL (A), HDL (B) and LDL (C) fractions. The HDL+LDL, HDL and LDL fractions separated 
from plasma of three healthy dogs by the U-P method were analyzed using SDS-PAGE with the gradient gels. Lanes 1, 2 and 3, respec-
tively, indicate dogs 1, 2 and 3. Proteins with estimated molecular weights of approximately 25 (a), 35 (b) and 60 kDa (c) were detected 
in both the HDL and the LDL fractions. The protein with a molecular weight of more than 250 kDa (d) was detected only in the LDL 
fraction. M: marker.

Fig. 4.	 The results of LC-MS/MS analysis for 25 kDa protein. (A) Sequence coverage (Coverage), molecular weight (MW [Da]) and 
description of the analyzed protein are shown as a table. Accession #, NCBI accession number; #peptides, number of peptides; #AAS, 
number of amino acids. (B) The coincident amino acid sequence between the analyzed protein and the canine apo A-I (gray highlighted 
sequence).
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[5, 11]. Similarly, certain canine particles might have both 
apo B-100 and apo A-I, although this speculation has yet to 
be validated. Based on the present results, it is difficult to 
suggest the U-P method as an accurate method for analysis 

of canine lipoprotein. The U-P method cannot be a gold 
standard method for analyzing canine lipoprotein. Further 
analysis of canine lipoproteins and canine apo E is neces-
sary. LC-MS/MS might be an efficient method for detecting 

Fig. 5.	 The results of LC-MS/MS analysis for 250 kDa protein. (A) Sequence coverage (Coverage), molecular weight (MW [Da]) and 
description of the analyzed protein are shown as a table. Accession#, NCBI accession number; #peptides, number of peptides; #AAS, 
number of amino acids. (B) The coincident amino acid sequence between the analyzed protein and the apo B-100 (gray highlighted 
sequence).
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canine apo E. However, analysis by SDS-PAGE showed that 
dogs 1–3 had different protein amounts in the HDL+LDL, 
HDL and LDL fractions, indicating that there are individual 
differences among these dogs.

Because the HDL-C and LDL-C concentrations deter-
mined by the U-P method correlated well with those deter-
mined by GP-HPLC, this method may be able to roughly 
separate canine HDL and LDL, meaning that the U-P method 
could be useful for detecting alterations in the balance of ca-
nine lipoproteins and for clarifying the clinical significance 
of canine lipoprotein profiles. However, the LDL/HDL ratio 
determined by the U-P method was quite different from that 
determined by GP-HPLC. Since it is possible that GP-HPLC 
was unable to accurately separate HDL from LDL, it is un-
clear which of the 2 methods is more accurate at separating 
canine HDL from LDL.

In conclusion, the present study indicated that the U-P 
method would be hard to use as a gold standard method for 
analysis of canine lipoprotein, because it precipitates a cer-
tain lipoprotein, which includes apo A-I, with canine LDL.
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