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Plasma lipoproteins play critical roles in energy metabolism and inflammation.

Concentrations of high-density lipoproteins (HDL) are linked to reproductive outcomes

and milk yields in dairy cattle. Low-density lipoproteins (LDL), which are enzymatically

formed in the blood from very low-density lipoproteins (VLDL) following secretion by

the liver, have been used as a surrogate marker of liver function due to the rapid influx

of circulating VLDL into the lactating mammary gland. In humans, the composition of

plasma lipoproteins is reflected in lipoprotein particle size distribution, and both of these

parameters are highly predictive of disease development and related health outcomes.

Bovine HDL are overall larger, less dense particles compared to human HDL. Lipoprotein

particle size distribution in both health and disease is understudied in the bovine. We

hypothesize that a more detailed analysis of lipoproteins could hold diagnostic and/or

prognostic value in the study of dairy cattle health and production. In this study, we

took the first steps in this characterization and used a high-resolution polyacrylamide gel

electrophoretic assay to better define LDL and HDL at the subfraction level in Holstein

cows at different stages of lactation. We extensively characterized the lipoprotein particle

size distribution in healthy lactating dairy cattle. We identified subfractions of LDL that

were prominent only in the dry period and subfractions of HDL that were highest in

cows during mid-lactation. Use of this method could be informative in the study of

multiple herds and management strategies, including longitudinal evaluation of animals

and production parameters.

Keywords: Lipoprint LDL system, particle size, lipid, metabolism, lactation

INTRODUCTION

The links between intermediary metabolism, lipoprotein biology, and inflammation are evident
across mammalian species. Serum lipoproteins have emerged as both biomarkers and modulators
of the systemic inflammatory response in a number of species (Marik, 2006; Yilmaz and
Senturk, 2007; Ilcol et al., 2009). In humans, a low plasma concentration of high-density
lipoproteins (HDL) is a well-recognized risk factor for cardiovascular disease and predictive
of poor outcomes in pneumonia and sepsis, whereas an increase in HDL affords a protective
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benefit in sepsis (Gruber et al., 2009; Otera et al., 2009;
Constantinou et al., 2016). This functional relationship is
due in part to HDL-mediated neutralization of bacterial
lipopolysaccharide (LPS) (Eggesbø et al., 1996; Murch et al.,
2007). Recent studies have shown that the sepsis-induced decline
in HDL is countered by simultaneous increases in phospholipids
in both low density lipoproteins (LDL) and very low density
lipoproteins (VLDL) (Kitchens et al., 2003). This change in
lipoprotein composition increases the binding of LPS to these
lower density particles and is considered an adaptive attempt to
maintain total serum LPS-neutralization capacity in the face of
declining HDL concentration (Baumberger et al., 1991; Eggesbø
et al., 1996; Levels et al., 2001; Kitchens et al., 2003). This
example underscores the burgeoning interest in the study of
lipoprotein composition. As many as 10 subfractions of HDL
and 7 subfractions of LDL exist in humans (Hoefner et al., 2001;
Garcia-Rios et al., 2014). Small and dense LDL particles are more
susceptible to oxidation and are associated with an increased
risk of cardiovascular disease and insulin resistance (Campos
et al., 1992; Pichler et al., 2018). Quantification of these particles
is incorporated into diagnostic algorithms for these diseases
(Gardner et al., 1996; Vekic et al., 2007). Studies support the
distribution of lipoprotein particle size across the major fractions
as better predictors of disease risk than total concentrations
(Movva and Rader, 2008; Garcia-Rios et al., 2014; Urbina et al.,
2017). Subfractionation of the major lipoprotein classes and
particle size distribution in veterinary species is understudied.

In the cow, the majority of cholesterol is transported on
HDL, which depends on the production of apolipoprotein A1
by the liver. Cows carry a small amount of total cholesterol
in LDL, which are the end product of VLDL metabolism (van
Dijk and Wensing, 1989; Gurr et al., 2002). Similar to what
has been reported in humans with inflammatory diseases, a
decline in HDL is an early event in disease progression when
calves are inoculated with Pasteurella haemolytica and bovine
herpes virus-1 (Yamamoto and Katoh, 2000). Additionally, as
cows near parturition and enter the period of greatest disease
risk, serum HDL levels decrease (Turk et al., 2013; Kessler
et al., 2014; Newman et al., 2016; Crociati et al., 2017). The
cow’s ability to rebound HDL levels to pre-partum values is
associated with a decreased risk of disease development and
highermilk production yields (Turk et al., 2008, 2013). Cows with
HDL values above 89% at dry-off have improved reproductive
performance (Crociati et al., 2017). In addition to being markers
of metabolic status and health, lipoproteins can be modified
by the diet. Feeding cows polyunsaturated lipids increases the
proportion of larger-diameter HDL and these larger particles
carry more beta carotene (Ashes et al., 1984). The impact
the changes in size and composition have on bovine HDL
immunomodulatory function is unknown.

In an earlier study, we identified an electronegative shift in
HDL in a subset of cows nearing parturition, which may reflect a
change in the composition and potentially the biological function
of HDL (Newman et al., 2016). In that study, lipoproteins
were separated by agarose gel electrophoresis, which does not
resolve bovine HDL into multiple subfractions. Bovine HDL
can be fractionated into 10 subspecies by isopycnic separation

(Puppione et al., 1982). The separated denser particles are
characterized by increased protein, phospholipids and higher
ratio of esterified to unesterified cholesterol (Puppione et al.,
1982). While this type of ultracentrifugation method is not
practical for routine use or in studies evaluating a large number
of animals, the presence of multiple HDL species in this method
highlights the need for more detailed investigations of HDL and
LDL particle size distribution and function in dairy cows.

The Lipoprint R© assay is a high resolution polyacrylamide
gel electrophoretic assay developed by Quantimetrix to facilitate
rapid evaluation of human LDL and HDL at the subfraction
level (Hoefner et al., 2001). We hypothesize that a more detailed
analysis of lipoproteins could hold diagnostic and/or prognostic
value in the study of dairy cattle health and production. In this
study, we used the Lipoprint R© method to extensively characterize
the major plasma lipoprotein fractions and LDL and HDL
subfractions in dairy cattle in different stages of lactation.

METHODS

Animals
Holstein cows (n = 73) from a single privately-owned herd
in upstate New York were used for this study Cows were
in their first (n = 4), second (n = 10), third (n = 43),
fourth (n = 15), or sixth lactation (n = 1). Samples were
collected under an Institutional Animal Care and Use Committee
protocol (2007-0146) for diagnostic laboratory test validation
and maintenance. Days in milk (DIM) and pregnancy status
were recorded for all cows. Samples were collected either before
or after pregnancy determination. In addition, blood samples
were collected from four first-lactation Holstein cows from the
Cornell University herd in Ithaca NY that were confirmed to have
clinical ketosis based on a plasma beta-hydroxybutyrate (BHB)
concentration >10 mg/dL as determined by the Cornell Clinical
Pathology Laboratory.

Blood Samples
Blood samples were collected by routine coccygeal vessel
puncture into EDTA tubes, placed on ice, and transported to the
laboratory within 6 h after collection. Plasma was separated by
centrifugation (1500× g) for 20min at 4◦C. The plasma samples
were aliquoted and stored at−80◦C until time of electrophoresis.
With the exception of samples used to document the impact of
prolonged storage, all samples were analyzed within 4 months of
sample acquisition.

Lipoprint® Analysis
LDL and HDL Subfraction Electrophoresis
The plasma samples were analyzed using the Lipoprint R© LDL and
HDL Subfraction Kits (cat 48-7002 and 48-9002, respectively) by
the Quantimetrix Corporation, according to the manufacturer’s
instructions. Each individual cow’s sample or aliquot (for stability
and precision studies) was briefly thawed at room temperature.
After removal of storage buffer, 25 µL of plasma was loaded
onto the provided pre-cast linear polyacrylamide gels. Loading
gel (200 µl for the LDL gel, 300 µl for the HDL gel) was then
added to the top of the gel tube. The tubes were covered, and
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inverted gently to mix the sample with the loading gel solution.
The gels were photopolymerized using the provided lamp for
30min. Samples were electrophoresed for 1 h at 3 milliamps per
tube in the provided buffers (Tris hydroxymethyl aminomethane
and boric acid). Samples were run in random sets of 10 singletons
along with a human plasma control sample provided by the
manufacturer (LipoSep R©) for quality assurance purposes.

Densitometry
The tubes containing the electrophoresed and dyed lipoproteins
were scanned in an ArtixScan M1 scanner that is provided with
the Lipoprint R© system (Microtek International Inc.). The scanner
is equipped with a cold-cathode fluorescent lamp. The scanned
files were analyzed using the Lipoprint R© Software (LipowareTM)
and the Image SXM program developed by Dr. Steve Barrett
of the University of Liverpool (LDL Clinical: LW01-v.16-134).
The intensity of each band was mathematically converted to a
relative percentage value by the software. It should be noted
that the software is automated for use with human samples and
a known concentration of both LDL and HDL, which allows
reporting of each subfraction inmg/dL. Routine biochemical tests
to quantify human HDL and LDL do not transfer directly to
bovine species. Therefore, a default value of 100 mg/dL was used
as the total in the LDL and HDL electrophoretogram analyses.
This allowed us to express each subfraction as a percentage of
the total area under curve (AUC) as a raw value, rather than a
converted concentration. If bands were too faint or run errors
were detected by the software, band cut-offs were delineated
using the manual measurement tool provided in the software
package. This entailed visual inspection of the scanned gel
image and corresponding software-generated plot to ensure the
demarcation of both the beginning and end of each individual
peak aligned with the stained band on the gel image. In the LDL
electrophoresis; VLDL, intermediate density lipoprotein (IDL),
LDL subfractions 1–7, and total HDL were demarcated and
assigned a numerical AUC value. The HDL band is the reference
point for band enumeration in the LDL fractionation. In the HDL
electrophoresis; subfractions 1–9 were demarcated and assigned
a numerical AUC value. Albumin is the reference point for band
enumeration in the HDL fractionation.

Determination of Assay Precision and Sample

Stability
Intra-assay coefficient of variation (%CV) was estimated from
analysis of 10 replicates of a single representative sample (HDL
>80%) evaluated in a single run of the assay. Inter-assay %CV
was determined by analysis of the LipoSep R© control material
across 10 separate runs of the assay. The impact of sample storage
was determined by analysis of sets of identical aliquots stored
at −80◦C for 1, 4, 12, 24, and 52 weeks from 5 randomly-
selected animals. Both evaluations were done for LDL and
HDL subfractionations.

Data Analysis
For evaluation of intra and inter-assay precision, the CVwas
calculated for VLDL, IDL, total LDL, total HDL, and all
detectable LDL and HDL subfractions in the representative

bovine sample and LipoSep R© control, respectively. A repeated
measures ANOVA was performed to evaluate the impact of time
of sample storage on the electrophoretograms in the bovine
plasma samples; all factors aside from time were fixed. For
analysis of individual cow samples, the cows were stratified by
lactational stage as follows: fresh cows DIM 0–10 (n = 11); early
lactation DIM 11–100 (n = 20), mid-lactation DIM 101–200 (n
= 16), late lactation DIM 201–300 (n = 19), and dry cows (n =

7). All lipoprotein subfraction data sets were tested for normality
using the Bartlett Variance test. This was followed by ANOVA if
that subfraction’s data fit normality, or the Kruskal-Wallis test if
the Bartlett test indicated that the data did not show normality. P-
values < 0.05 were considered to be of statistical significance for
all tests. Cows were re-grouped as pregnant or not pregnant and
a T-test applied for each subfraction. HDL fractions from ketotic
cows (n = 4) were compared to the fractions from 4 cows within
the fresh cow group, selected by the lowest DIM (2, 3, 3, and 4),
using a T-test for each fraction. The fresh cows without ketosis
had plasma BHB concentrations ≤10 mg/dL as determined by
the Cornell Clinical Pathology Laboratory. All statistical analyses
were performed using GraphPad Prism software v8.

RESULTS

Assay Precision and Sample Stability
The intra-assay CVs (standard deviation/mean of 10 replicates
derived from the AUCs) for HDL, LDL 1, andVLDL in the bovine
plasma sample were 3.1, 20.6, and 7.6%, respectively. One of
the internal replicates had an LDL 2 value of 1%.The remaining
replicates did not show detectable levels of LDL 2. In 10
replicate runs of a single bovine sample in the HDL fractionation,
intra-assay CVs were as follows; HDL large particles 3.3%,
intermediate-sized HDL 9.9%. Small HDL particles were not
detected. Inter-assay variability for the LDL electrophoresis in
analysis of the LipoSep R© control was similar across the fractions,
with a mean CV across all fractions of 12.7%. The lowest
variability was in the HDL fraction (CV 2.8%) and highest in
the LDL 3 fraction (27.2%). Samples were stable (P > 0.99) at
−80◦C for up to 52 weeks statistically, but subjective changes
are evident between 24 and 52 weeks (Figure 1). Manufacturer
provided guidelines recommend cryostorage, therefore warmer
storage temperatures were not evaluated.

Lipoprotein Fractions and Subfractions
The Lipoprint R© method consistently separated bovine HDL
from beta lipoproteins (VLDL, LDL, and IDL) in the LDL
fractionation step (Figure 2). LDL 1 and HDL 3 had a normal
distribution whereas HDL 1, HDL 2, HDL 4, HDL 5, HDL 6, IDL,
LDL 2, and subfractions were not normally distributed. Thirty-
two of the 73 cows (44%) had no quantifiable LDL and a minimal
amount (values all <2.5%) of LDL 1 and/or LDL 2 was evident
in cows distributed across the groups (Figure 3). A subset of
dry cows (3/7) had prominent LDL 1 and LDL 2 peaks (LDL 1
mean 3.0%, SD 2.9; LDL 2 average 3.3%, SD 1.4; see Figure 2

for an example plot). LDL 3 was detected in two late lactation
cows (1.7 and 2.1%) and two dry cows (1.2 and 1.7%). One late-
lactation cow (359 DIM) had detectable LDL 3 and LDL 4 peaks
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FIGURE 1 | Stability of major fractions lipoproteins in bovine plasma samples stored at −80◦C. Plasma samples collected from 5 randomly selected individual cows

(1–5) were separated into multiple aliquots on the day of collection, stored for up to 52 weeks at −80◦C, electrophoresed, and analyzed after a single thawing.VLDL

(Panel A), LDL 1 (Panel B), LDL 2 (Panel C), and HDL (Panel D) are shown. AUC, area under the curve. Differences between the individual animals’ replicates were not

significant across time for any fraction (repeated measures ANOVA, P = 0.9995).
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FIGURE 2 | Representative gels and their respective densitometry plots of individual samples run in the LDL Lipoprint® fractionation for demonstrative purposes: Dye

front (DF), VLDL (V), Intermediate fraction (I), LDL (L), HDL (H). LDL peaks noted in the human control sample (LipoSep®) are lacking in the majority of bovine samples,

but evident in dry cows (labeled 1–3). LDL subfractions 5, 6, and 7 were not detected in any bovine sample.

(1.7 and 1%, respectively). A separate late lactation cow had a
measurable LDL 4 peak (1.0%). LDL subfractions 5, 6, and 7,
and HDL subfractions 7–9 were consistently not detected, and
no further analysis of these subfractions was performed.

The relative concentrations of the major fractions and
subfractions were largely similar across all comparisons when
cows were grouped by DIM (Figure 3). HDL accounted for the
majority of lipoproteins in all cows. Values ranged from a mean
of 66.3% (SD 8.3) in fresh cows up to 75.7% (SD 3.5) in mid-
lactation cows, with values in the fresh cows being significantly
lower than all other groups (P < 0.0001 for all comparisons;
Figure 3). VLDL values were higher in fresh cows, compared to
all other groups (P < 0.0001 for all comparisons).

The HDL fractionation revealed 6 subfractions from bovine

plasma, in the range of large and intermediate-sized particles

relative to the distribution of human HDL (Figure 4). HDL

subfraction 4 was higher in fresh cows compared to all other

groups (fresh vs. early lactation P= 0.001; fresh vs. mid-lactation

P = 0.001; fresh vs. late lactation P = 0.002; fresh vs. dry
cow P = 0.0097; Figure 5, Panel A). HDL subfraction 6 peaked
in mid-lactation cows, and was statistically different from the
percentage in fresh and early lactation cows (mid-lactation vs.
early lactation P = 0.04; mid-lactation vs. fresh P = 0.0021).
This subfraction did not change over the later stages of lactation
(Figure 5, Panel B).

There were no differences in any subfraction in the LDL
electrophoresis when pregnant cows were compared to non-
pregnant cows (VLDL P = 0.35; IDL P = 0.43; LDL 1 P = 0.25;

FIGURE 3 | Summative data of the LDL Lipoprint® fractionation displaying the

median (line) and range (box) of the 7 fractions. AUC, area under the curve.

*Different from all other groups of cows P < 0.05 ANOVA. Fresh cows n = 11,

Early lactation n = 20, Mid-lactation n = 16, Late lactation n = 19, Dry cow n

=7. LDL subfractions 5, 6, and 7 were not detected in any bovine sample.

LDL 2 P = 0.47; HDL P = 0.67; Figure 6). The same was true
in the HDL subfractionation (data not shown; HDL 1 P = 0.42,
HDL 2 P = 0.69, HDL P = 0.37, HDL4 P = 0.88, HDL5 P
= 0.22, HDL6 P = 0.05). Ketotic cows displayed a differential
migration of HDL subfractions (Figure 7). The pattern in ketotic
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FIGURE 4 | Representative gels and their respective densitometry plots of samples run in the HDL Lipoprint® fractionation. Note the banding pattern in the sample

from the fresh cow is visibly divergent from that of the mid-lactation cow due to a more pronounced separation of numerous fractions. A prominent separation of the

first HDL bands into multiple sub-bands also emerges in the mid-lactation sample.

FIGURE 5 | Summative data of the HDL Lipoprint® fractionation displaying the

median (line) and range (box) of HDL 4 (Panel A) and HDL 6 (Panel B)

subfractions in the 5 stages of lactation. AUC, area under the curve. Data

without a common superscript differ P < 0.05. Fresh cows n = 11, Early

lactation n = 20, Mid-lactation n = 16, Late lactation n = 19, Dry cow n = 7.

cows was characterized by a prominent dip, or shoulder, in the
HDL subfraction plot compared to fresh cows without ketosis.
This redistribution of particle sizes resulted in two differences
between fresh and ketotic cows. Relative to fresh cows without
ketosis, HDL 1 was higher (P = 0.003) and HDL 3 was lower (P
< 0.001) on average in ketotic cows (Figure 7).

DISCUSSION

The Lipoprint R© method was used to electrophoretically separate
the major classes of lipoproteins, and further subfractionate LDL

FIGURE 6 | Summative data (LDL Lipoprint® fractionation) displaying the

median (line) and range (box) of major subfractions when cows are stratified by

pregnancy status. AUC, area under the curve. No statistically significant

difference were found between groups. LDL 3 and LDL 4 are not depicted due

to paucity. Pregnant n = 41; Not Pregnant n = 32.

and HDL, in bovine plasma samples. The method provided
an additional level of detail and facilitated identification of
differences in specific subfractions across lactational stages. This
assay took <4 h to complete, which is far more rapid than
any ultracentrifugation based method. Electrophorectic assays
separate and allow relative quantification of all lipoprotein
subspecies present at concentrations above the detection limit of
the stain and imaging equipment without reliance on potentially
species-specific chemical reactions. Assays developed for the
detection of human lipoproteins often rely on detergents,
antibodies, enzymes, or masking reagents that can impact results
in a manner that is dependent on particle composition; a
property that varies across species (Jonas, 1972; Stead andWelch,
1975; Chapman, 1980, 1986; Ueda et al., 2003). Our laboratory
has reported a lack of transference between one widely-used
enzymatic assay and agarose electrophoresis in the quantification
of canine lipoproteins (Behling-Kelly, 2016). Immunoinhibition
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FIGURE 7 | Example densitometric plot comparing HDL subfractionation in a fresh cow (Panel A) and ketotic cow (Panel B). Note the prominent shoulder indicated

by the arrow, resulting in a higher proportion of HDL in fraction 1 and a lower proportion of DL in fraction 3 in the ketotic cow. This trend was present in all ketotic cows

evaluated. Summative data displaying the median (line) and range (box) are presented in Panel C: Median (line) and range (box) HDL subfractionations in ketotic (n =

4) vs. fresh (n = 4) cows. Fresh cows were selected on the basis of DIM (2, 3, 3, and 4). Mean (±SD) plasma beta-hydroxybutryate = 13.2 (±1.5) mg/dL [ketotic

cows] and 7.2 (±1.0) mg/dL [fresh cows; n = 3]. AUC, area under the curve. *P < 0.001.

methods targeting apoplipoproteins depend on reactivity of the
antibody used in the assay. The major apolipoprotein used to
accomplish this targeted approach is apolipoprotein B, which is
one of the largest proteins in the proteome (4,536 amino acids
in man) and is heavily modified post-transcriptionally (Al-Ali
and Khachfe, 2007). To the authors’ knowledge, there are no
published data validating the use of commercially-available wet
chemistry methods developed for human lipoproteins for use on
bovine samples. Therefore, our data are best compared to existing
reports using electrophoretic methods.

In this study, method performance characteristics are within
acceptable limits for electrophoretic methods (Hoefner et al.,
2001; Ferlizza et al., 2017; Oikonomidis et al., 2018). The
intra-assay CVs for VLDL, LDL, and HDL were 0.4, 19.5,
and 1.7% higher in the bovine plasma sample, compared to
the manufacturer’s provided data for the control material with
the highest proportion of HDL. This comparison is most
relevant because a high HDL concentration best reflects the
general composition of a bovine sample. In the salient method
development paper, the reported intra-assay imprecision for two
human plasma samples with slightly divergent LDL patterns gave

CVs of 8.1 and 8.4% (Hoefner et al., 2001).We attribute themuch
higher CV for bovine LDL in the current study predominantly to
the relative paucity of this lipoprotein in the cow as compared to
that in human plasma. Subjectively, changes in HDL and VLDL
proportions after 52 weeks of storage warrant consideration in
planning future studies.

The predominance of HDL in cows is consistent across
studies, including the current work (Palmquist, 1976; Chapman,
1986; Newman et al., 2016; Crociati et al., 2017). In the current
study, 66–76% of total lipoproteins were attributed to the HDL
fraction. In one of our previous studies, HDL accounted for 83%
of the total lipoproteins in transitioning dairy cattle (Newman
et al., 2016). In a study performed by Crociati et al. (2017), the
HDL percentage in dry cows ranged from∼82 to 87% of the total
lipoproteins, and LDL accounted for 9.6–14%. Giordano et al.
(2017) reported HDL accounted for 89% of all lipoproteins in
adult cattle. The lactational stage and herd management practice
may account for some of the reported divergence. Method
differences are also likely contributors. All three of the described
studies used electrophoretic methods, but the gel matrix and dye
used varied. The method we used in the current study employs
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a polyacrylamide gel matrix and cholesterol-avid dye, whereas
our previous study and the studies by Giordano et al. (2017)
and Crociati et al. (2017) both used an agarose gel matrix and
sudan black or blue dyes. The sudan dyes are fat soluble with a
high affinity for neutral fats (Bayliss, 1981; Frederiks et al., 1981).
The dye used and its affinity for subspecies of lipids within the
lipoprotein particles would be expected to impact the staining
intensity and thus relative quantification of any gel-basedmethod
and could confound cross study comparisons.

Development of a stringent LDL scoring system for use
in the cow is not likely to be worthwhile for two reasons.
First, there is an overall paucity of LDL in this species.
Secondly, the cow lacks the unique small dense LDL that are
predictive of atherosclerotic risk in humans (Pichler et al.,
2018). However, the sporadic emergence of prominent LDL
peaks 3 and 4 in dry cows does warrant further investigation.
Specifically, longitudinal monitoring is needed to determine if
either the timing of the emergence of this LDL subtype, or
concentration of the lipoprotein, are predictive of lactation or
reproductive performance.

In the current study, we detected an appreciable proportion
of total lipoprotein in the VLDL fraction. This is not
consistently noted in the literature, and methodology is likely
a key contributor to the discrepancies. In size-exclusion
chromatography, chylomicrons are reported to merge with
VLDL, which likely results in an overestimation of this
fraction (Phipps et al., 2017). The metabolism of the bovine,
presumptively ruminal hydrogenation, results in lipids that are
significantly more saturated than in the human (Nichols, 1967).
The very high saturation of the FA within the core of ruminant
VLDL limits the efficiency of their recovery from plasma by
ultracentrifugation at temperatures below 20◦C (Palmquist, 1976;
Grummer et al., 1986). Thus, VLDL may be under-quantified in
studies that use this method. VLDL peaks were not evident in our
previous study evaluating cows over the transition period using
agarose electrophoresis and Sudan black b staining (Newman
et al., 2016). The VLDL fraction was also not evident in an
agarose based electrophoresis until samples were concentrated
8-fold in an earlier study (Raphael et al., 1973). Using the Sebia
electrophoretic system, studies have detected 2–3% VLDL in
bovine plasma (Crociati et al., 2017). In the Lipoprint R© system,
manufacturer guidelines stipulate that chylomicrons are trapped
in the loading gel, allowing for separation from the VLDL.We did
not detect chylomicrons using the system, but did not perform
any spiking studies to validate the manufacturer’s claim.

The slight increase in VLDL in fresh cows we detected
is not unanticipated, given the mobilization of fatty acids
associated with very early lactation and hepatic production of
VLDL (Imhasly et al., 2015). In a study using lactating cows
administered radiolabeled palmitic acid via the rumen and
ultracentrifugal isolation of lipoproteins, a high flux of fatty acids
from LDL and VLDL into milk was demonstrated (Glascock and
Welch, 1974). Determining if accumulation of plasma VLDL is
indicative of adequate liver exportation and thus an indicator
of cow health, or potentially decreased milk production, would
require further evaluation pairing this electrophoretic method
with additional approaches.

Our study demonstrated a relatively high degree of
homogeneity and predominance of large HDL in the bovine. This
is not surprising, given the minimal similarity in composition
between human and bovine HDL (Jonas, 1972). Bovine HDL are
rich in cholesterol esters and overall larger, less dense particles
compared to human HDL (Jonas, 1972; Stead and Welch, 1975;
Ashes et al., 1984; Vedhachalam et al., 2010). The small dense
HDL particles that comprise the major fraction in humans are
found in the electrophoretic subfractions 7–10, and were not
detected in any bovine sample we analyzed (Constantinou et al.,
2016). We did detect a general shift toward smaller HDL size
as lactation progressed. In humans, smaller HDL particles are
documented to have less free cholesterol (Niisuke et al., 2020).
The hydroxyl group (-OH) on cholesterol carries a negative
charge, thus relative proportions of free vs. esterified cholesterol
might be impacting the proportions of large and small HDL.
Particle size of the HDL has been correlated with susceptibility
to copper-sulfate-induced oxidation (Shuhei et al., 2010). We
did not address particle composition in the current study, but
given the potential impact this may have on HDL function,
these studies are planned. Studies report a mild degree of breed
variation in the flotation pattern of bovine HDL (Dryden et al.,
1971; Jonas, 1972; Stead and Welch, 1976). Thus, inclusion of
additional breeds in future studies is also prudent.

Studies in cows have not evaluated the particles size
distribution relative to health measures, but have documented
declines in HDL concentration with disease. In calves with
respiratory disease, the HDL value decreases by more than 10%
on average, compared to healthy calves (Giordano et al., 2017).
In that study, HDL accounted for 77.6% and LDL for 19.7%
of the lipoproteins in healthy calves, which is a substantially
altered ratio compared to reported values in adult cattle. While
characterizing metabolic shifts in disease states was not the
primary goal of the current study, we did observe HDL size-
shifts in cows with ketosis. We were only able to include a low
number of ketotic cows, given how rare this condition is in well-
managed herds. However, the shift toward a more homogeneous
population of HDL particle size in ketotic cows may represent
an important pathological change with potential diagnostic and
interventional implications and warrants further investigation.
The ketotic cows were all in their first lactation, which may have
also contributed to their shifted HDL profile.

Limitations of the study include a narrow population, low
sample numbers in specific subsets of animals, and logistical
limitations in evaluating precision. This study targeted adult,
healthy animals to validate the methodology and establish a
baseline for future studies. A small sampling of ketotic cows was
included as a secondary evaluation. The majority of the cows in
the current study were in their third lactation. We acknowledge
our results may selectively represent high producing, well-
adapted animals in a well-managed herd. The number of dry
cows was also small. Sampling was not standardized relative
to time of day. Previous studies have documented that unlike
NEFA and BHB concentrations, cholesterol does not display
diurnal variation and is stable throughout the day (Hussein
et al., 2020). However, we acknowledge this stability may not
transfer to a more in depth evaluation of particle sizes and future
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work should include temporal sampling across both day and
lactation cycle in individual cows. The electrophoretic chamber
holds 12 of the class pre-manufactured tubes. Therefore, the
number of replicates in the evaluation of intra-assay variability
was also limited.

In conclusion, application of the Lipoprint R© system and
subfractionation of both LDL and HDL would be of interest
in ill animals, animals across all ages, breeds, and consuming a
variety of diets. Ideally, future studies will pair this approach with
analysis of the particle composition and changes in function.
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