
260

*Correspondence to: Mori, A: amori@nvlu.ac.jp
©2021 The Japanese Society of Veterinary Science

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) 
License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

FULL PAPER
Internal Medicine

Comparison of cholesterol levels among 
lipoprotein fractions separated by  
anion-exchange high-performance liquid 
chromatography in periparturient  
Holstein–Friesian dairy cows
Tomoya TAKAHASHI1,2), Akihiro MORI1)*, Hitomi ODA1), Isao MURAYAMA3), 
Mitsuhiko KOUNO3) and Toshinori SAKO2)

1)School of Veterinary Nursing & Technology, Faculty of Veterinary Science,  
Nippon Veterinary and Life Science University, 1-7-1 Kyonancho, Musashino, Tokyo 180-8602, Japan

2)Kenhoku Veterinary Clinical Center, Miyagi Prefectural Agricultural Mutual Aid Association, 1-3-1 Nakae, 
Sanuma, Hasamacho, Tome, Miyagi 987-0511, Japan

3)Kennan Veterinary Clinical Center, Miyagi Prefectural Agricultural Mutual Aid Association, 10 Sakuraokamae, 
Hukuokahukaya, Shiroishi, Miyagi 989-0731, Japan

ABSTRACT.	 Changes in lipoprotein profiles occur in dairy cows during the periparturient period 
and in cows with transition cow disease. Here, the lipoprotein profiles of Holstein–Friesian dairy 
cows during the periparturient period were obtained by anion-exchange, high-performance 
liquid chromatography to evaluate the usefulness of lipoprotein profile evaluation during the 
periparturient period and in cows with fatty liver and milk fever. Lipoprotein levels (including 
total and high- (HDL-C) and low-density lipoprotein (LDL-C) cholesterol) in 10 healthy cows were 
low 4 weeks prepartum, with the lowest values at calving or within 1 week of calving; the values 
increased at 8 weeks postpartum. The lipoprotein levels were measured in 16 cows diagnosed 
with fatty liver (n=10) or milk fever (n=6) and compared to 10 healthy dairy cows. A significant 
difference was observed in HDL-C between healthy cows (at calving and 1 week postpartum), 
and the fatty liver and milk fever cows. Cows with fatty liver and milk fever had a lower mean 
HDL-C than the 10 healthy dairy cows at calving and 1 week postpartum. HDL-C might be a 
good indicator of energy balance for differentiating healthy cows from those with transition cow 
disease.
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Lipid metabolism in dairy cows changes considerably during the periparturient period [7, 12, 13]. The transition period is 3 weeks 
before and after calving, and it is frequently fraught with metabolic disorders as the cows adjust to the birth event and lactation [1]. 
Dairy cows frequently achieve negative energy balance at this time, which is associated with an increase in milk production and a 
decrease in dry matter intake (DMI) enforced by fetal growth [14, 15]. Non-esterified fatty acids (NEFAs) mobilized from adipose 
tissue are transported to the liver under negative energy balance. They are either oxidized or esterified into triglycerides (TGs) in 
hepatic cells [3]. Re-esterification of TGs leads to fat accumulation in the liver (fatty liver) [10]. This pathophysiology typically 
causes liver function disturbance, perinatal disease, and poor fertility [2, 4, 24, 28]. During lactation, lipid metabolism is activated 
in dairy cows to ensure energy for milk yield. Furthermore, the serum level of sex steroid hormones that are synthesized from 
cholesterol (such as estrogen and progesterone) changes dramatically during the periparturient period [25].

The changes in lipid metabolism after calving might lead to abnormal cholesterol metabolism. Therefore, it is important to examine 
the changes in cholesterol metabolism in dairy cows during the transition period and the difference between healthy cows and those 
with transition cow disease (TCD). Previously, we reported that anion-exchange (AEX) high-performance liquid chromatography 
(HPLC) would be a useful method to evaluate cholesterol level in lipoprotein fractions, such as high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), intermediate-density lipoprotein (IDL), and very low-density lipoprotein (VLDL), in dairy cows and 
dogs as compared to ultracentrifugation method (only for daily cows) and gel permeation HPLC (for daily cows and dogs) [23, 29]. 
However, the AEX-HPLC method has not been evaluated in dairy cows during the transition period or in those with TCD.
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The objectives of this study were as follows. First, preliminary study of the changes in cholesterol levels in lipoprotein fractions 
in 10 healthy dairy cows during the transition period on two farms with a good milk yield performance and reproductive rate 
were evaluated. Secondly, the lipoprotein profiles of dairy cows with and without TCD (such as fatty liver and milk fever) 
were compared by AEX-HPLC. Differences in lipoprotein profiles between dairy cows with and without TCD have not been 
fully evaluated. We hypothesized that some lipoprotein profiles differ between dairy cows with and without TCD and that these 
parameters might be used as a bovine energy metabolism marker in dairy cows.

MATERIALS AND METHODS

This study was conducted from January to September 2016. Ten healthy Holstein–Friesian dairy cows in the transition period 
and 16 Holstein–Friesian dairy cows with TCD (fatty liver, milk fever, and/or displaced abomasum) were used. The profiles of the 
10 healthy dairy cows used in this study are shown in Table 1. Of the 10 healthy dairy cows, five were housed on two different 
farms (Farms A and B) in Miyagi Prefecture. We selected these farms because they had a good milk yield performance and 
reproductive rate. The profiles of two farm used in this study are shown in Table 2. The profiles of feedstuffs provided on farms 
A and B are shown in Table 3. Cows on farm A and B were housed in a tie stall and had ad libitum access to water. Sixteen dairy 
cows with fatty liver, milk fever, and/or displaced abomasum were housed in different dairy farms. The diagnoses of fatty liver, 
milk fever, and displaced abomasum are detailed as follows: Fatty liver: clinical signs are confirmed as a previous high body 
condition score (BCS), a rapid decrease in BCS, and ketone body excretion (body odor, milk, and/or urine detection). Furthermore, 
serum biochemical analysis revealed high aspartate aminotransferase (over 100 IU/l), and high T-bilirubin (over 0.5 mg/dl). Milk 
fever: clinical signs were confirmed as a chilled feeling of the skin and ataxia due to muscle relaxation of the whole body. Serum 
biochemical analysis revealed decreased blood calcium concentration (below 7.4 mg/dl). Displaced abomasum: diagnosis was 
confirmed by a pinging sound of the enlarged abomasum. In the case of a left displacement, this was observed in the 8th intercostal 
space and paralumbar fossa, one-third down the left flank. In the case of a right displacement, this was observed in the 8th 
intercostal space and the last rib, in the upper 1/2 of the right flank. Of the 16 cows with fatty liver, milk fever, and/or a displaced 
abomasum, seven cows were diagnosed as fatty liver, two cows were diagnosed with fatty liver and a displaced abomasum, one 
cow was diagnosed as having fatty liver and milk fever. These 10 cows were grouped as the fatty liver group. Six cows were 
diagnosed as having milk fever, and these six cows were designated the milk fever group. Profiles of the 16 cows with transitional 
disorder are shown in Table 4.

Informed consent was obtained from all farmers after describing the purpose, nature, and potential risks and benefits of the study. 
Ethics approval for this work was provided by the Nippon Veterinary and Life Science University Animal Research Committee 
(examination code; 27S-74).

Table 1.	 Profiles of healthy dairy cows used to assess the lipoprotein fractions

No Farm Breeds Birth date Parity Calving day Calving interval  
(days)

Annual milk  
yield (kg)

1 A Holstein 2011/3/11 3 2016/2/19 500 12,177
2 A Holstein 2005/1/29 9 2016/3/19 503 11,753
3 A Holstein 2011/7/19 4 2016/3/26 362 11,983
4 A Holstein 2012/7/5 3 2016/5/22 342 9,705
5 A Holstein 2012/6/2 3 2016/7/6 371 10,797
6 B Holstein 2009/9/26 5 2016/3/23 393 11,213
7 B Holstein 2007/9/14 7 2016/3/27 475 11,925
8 B Holstein 2008/10/18 6 2016/4/11 552 12,153
9 B Holstein 2012/1/1 3 2016/4/2 469 12,261

10 B Holstein 2010/8/16 3 2016/3/31 555 12,925

Table 2.	 Profiles of two dairy farms used in this study

Farm A Farm B
Milk yield per cow (kg) 34.1 30.3
Milk fat percentage per cow (%) 3.89 3.75
Milk protein percentage per cow (%) 3.41 3.22
Fat-free solids per cow (%) 8.98 8.63
Yearly milk production (kg) for 305 days 10,763 9,462
Average parity counts 2.2 2.7
Calving interval (day) 399 426
Open period (day) 128 168
Values are expressed as averages.
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Blood samples (10 ml) were obtained from the caudal vein of the cow. To evaluate changes in the lipoprotein fractions and 
biochemical analysis in healthy dairy cows during the transition period, the following seven sampling times were selected: 4 weeks 
(w) prepartum, 2 weeks (w) prepartum, 0–1 days after calving date (calving), 1 week (w) postpartum, 2 weeks (w) postpartum, 4 
weeks (w) postpartum, and 8 weeks (w) postpartum. Samples from the 10 healthy dairy cows were collected at midmorning for 
lipoprotein fraction and serum biochemistry tests.

Blood samples from the 16 dairy cows with fatty liver and milk fever group were collected at the first medical examination 
and evaluated by veterinarians belonging to Miyagi Prefectural Agricultural Mutual Aid Association according to the practice 
guidelines for livestock. As fatty liver and/or milk fever occurs within 1 w of calving, the lipoprotein profiles of the 16 dairy cows 
in the fatty liver and milk fever group were compared with those of the 10 healthy dairy cows (at calving and 1 w postpartum) in 
the two farms previously described. Blood samples were immediately collected in polypropylene tubes and allowed to coagulate 
at room temperature for 15 min before centrifugation (1,700 × g for 10 min at 4°C) to separate the serum. Serum samples were 
divided into two polypropylene tubes. One tube with a serum sample was sent to Monolis Inc. (Tokyo, Japan) for AEX–HPLC to 
measure the HDL cholesterol (HDL-C), LDL cholesterol (LDL-C), IDL cholesterol (IDL-C), and VLDL cholesterol (VLDL-C) 
levels. HDL-C/LDL-C (%), HDL-C/total C (Total-C) (%), and LDL-C/Total-C ratios (%) were calculated. AEX-HPLC was carried 
out as previously described [18]. The other tube with a serum sample was sent to Barn Animal Medical Examination Training 
Institute at Miyagi Prefectural Agricultural Mutual Aid Association for serum biochemistry analyses, including total protein, 
albumin, total bilirubin, aspartate aminotransferase, γ-glutamyltransferase, blood urea nitrogen, creatinine, glucose, calcium, TG, 
inorganic phosphate, magnesium, phospholipid, and NEFAs by photometry (BioMajesty Series JCA-BM2250, Japan Electron 
Optics Laboratory Ltd., Tokyo, Japan). BCS was assessed using a five-point scale [8].

The values are expressed as mean ± standard deviation (SD). Statistical significance was determined using the Kruskal–Wallis 
for comparison of BCS, lipoprotein fractions and serum biochemistry analysis with GraphPad Prism 6 software (GraphPad 
Software, Inc., San Diego, CA, USA). Differences were considered statistically significant at P<0.05.

Table 3.	 The profiles of feedstuff for Farm A and B

Lactation stage Dry stage
Farm A Farm B Farm A Farm B

Concentrate (TMR 70.0%, CP 15.5%) 12.6 12.0 6.0 2.0
Timothy hay 1.0 2.0 2.0 3.0
Oats hay 2.5 2.0 2.0 3.0
Hay cube 7.0 3.0
Beet pulp 2.5 3.0 2.0 2.0
Italian silage 0.3 6.0 5.0 6.0
Total 25.9 28.0 17.0 16.0
Values are expressed as kg. TMR was supplied at 08:00 a.m. and 06:00 p.m. TMR means total mixed 
ration. CP means crude protein.

Table 4.	 Profiles of 16 Holstein cows with transitional disorder

No Breed Birth date Parity
Periparturient disease Days after 

calving
Body condition 

score
Group of 
diseasemain disease concurrent disease

1 Holstein 2011/3/17 3 Milk fever 0 3.25 Milk fever
2 Holstein 2009/7/8 4 Fatty liver Displaced abomasum 3 3.25 Fatty liver
3 Holstein 2010/6/25 4 Fatty liver 2 3.25 Fatty liver
4 Holstein 2010/2/14 5 Fatty liver 2 4.00 Fatty liver
5 Holstein 2010/3/16 4 Milk fever 1 3.50 Milk fever
6 Holstein 2012/3/7 3 Fatty liver Milk fever 1 3.25 Fatty liver
7 Holstein 2010/5/12 4 Milk fever 1 3.50 Milk fever
8 Holstein 2010/12/10 4 Milk fever 0 3.25 Milk fever
9 Holstein 2010/9/23 4 Fatty liver 7 2.50 Fatty liver

10 Holstein 2012/9/16 3 Fatty liver 9 3.00 Fatty liver
11 Holstein 2009/12/6 3 Fatty liver 1 4.50 Fatty liver
12 Holstein 2008/4/8 4 Milk fever 5 2.75 Milk fever
13 Holstein 2010/5/9 3 Fatty liver 5 3.50 Fatty liver
14 Holstein 2010/1/7 4 Milk fever 1 3.50 Milk fever
15 Holstein 2011/12/4 3 Fatty liver Displaced abomasum 7 3.50 Fatty liver
16 Holstein 2012/5/27 3 Fatty liver Displaced abomasum 7 3.50 Fatty liver
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RESULTS

The changes in Total-C, HDL-C, and LDL-C level, and HDL-C/LDL-C (%), HDL-C/Total-C (%), and LDL-C/Total-C (%) 
ratios in healthy dairy cows during the transition period are shown in Fig. 1. All lipoprotein profiles indicated significant changes 
during the transition period (P<0.05). The Total-C and HDL-C levels decreased from 4 w prepartum to calving, and thereafter 
increased (Fig. 1A, 1B). LDL-C decreased from 4 w prepartum to 1 w postpartum, and thereafter increased (Fig. 1C). The IDL-C 
and VLDL-C levels were too low to be measured. The HDL-C/LDL-C ratio increased from 4 w prepartum to 2 w postpartum, and 
thereafter decreased (Fig. 1D). HDL-C/Total-C increased from 4 w prepartum to 2 w postpartum, and thereafter decreased (Fig. 
1E). LDL-C/Total-C decreased from 4 w prepartum to 2 w postpartum, and thereafter increased (Fig. 1F). The results of BCS and 
serum biochemistry analysis in healthy cows during the transition period are shown in Table 5.

The profiles of BCS, lipoprotein profiles and serum biochemistry of cows with 10 healthy (at calving and 1 w postpartum) and 
fatty liver (n=10) and milk fever (n=6) group are shown in Table 6. Significant difference was observed in HDL-C between healthy 
cows (calving and 1 w postpartum), and the fatty liver and milk fever group. Cows in the fatty liver and milk fever group had a 
lower mean HDL-C than the 10 healthy dairy cows at calving and 1 w postpartum. The Total-C and LDL-C levels, and HDL-C/
LDL-C, HDL-C/Total-C (%), and LDL-C/Total-C (%) did not show any significant differences between the groups. The serum 
biochemistry results revealed that significant differences were observed in total bilirubin, aspartate aminotransferase, gamma-
glutamyltransferase, blood urea nitrogen, glucose, calcium, inorganic phosphorus, magnesium, phospholipid, and NEFA levels 
between the groups (P<0.05).

Fig. 1.	 Changes in lipoprotein profiles (A: total cholesterol, B: high-density lipoprotein (HDL) cholesterol, C: low-density lipoprotein (LDL) 
cholesterol, D: HDL cholesterol/LDL cholesterol, E: HDL cholesterol/total cholesterol, F: LDL cholesterol/total cholesterol) in 10 healthy dairy 
cows during the transition period (4 weeks (w) prepartum, 2 w prepartum, calving, 1 w postpartum, 2 w postpartum, 4 w postpartum, and 8 w 
postpartum). Values are expressed as mean ± standard deviation (SD).
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DISCUSSION

HDL-C is the main lipoprotein for transporting cholesterol in cows [32]. In the present study, most cows had a HDL-C/Total-C 
ratio of >80%. Cows usually have an LDL-C/Total-C ratio of <20%. In the present study, the LDL-C/Total-C ratio in cows during 
the transition period was between 10 and 20%. LDL is the end product of VLDL metabolism. VLDL-C, IDL-C, and chylomicrons 
were not detected using the AEX-HPLC method in the present study.

A preliminary study of the changes in the lipoprotein fraction during the transition period in the ten healthy dairy cows on the 
two farms was done. The Total-C, HDL-C, and LDL-C levels were low at 4 w prepartum, with the lowest levels at calving or 1 w 
postpartum and levels increased until 8 w postpartum. A similar result has been reported previously [16, 17, 21, 31]. A decrease 
in the HDL-C level (as well as LDL-C) prepartum is due to a decrease in DMI because of fetal growth and due to the increased 

Table 5.	 Body condition score and serum biochemical analysis of 10 healthy dairy cows during the transitional period

Blood biomarkers (unit) 4 w 
prepartum

2 w 
prepartum Calving 1 w 

postpartum
2 w 

postpartum
4 w 

postpartum
8 w 

postpartum
Kruskal-Wallis 

test
Body condition score 3.28 ± 0.36 3.35 ± 0.38 3.28 ± 0.30 3.20 ± 0.35 3.13 ± 0.38 3.00 ± 0.41 2.90 ± 0.38 0.0654
Total protein (g/dl) 7.5 ± 0.8 7.8 ± 0.7 6.6 ± 0.6 6.4 ± 0.4 7.1 ± 0.5 7.7 ± 0.8 7.9 ± 0.4  <0.0001
Albumin (g/dl) 3.7 ± 0.4 3.9 ± 0.7 3.5 ± 0.3 3.3 ± 0.2 3.4 ± 0.4 3.4 ± 0.3 3.6 ± 0.3 0.0355
Total bilirubin (mg/dl) 0.1 ± 0.1 0.1 0.2 ± 0.1 0.2 ± 0.2 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.0226
aspartate aminotransferase (IU/l) 65.5 ± 17.3 70.3 ± 11.3 83.0 ± 28.3 96.1 ± 20.1 99.3 ± 26.9 85.2 ± 13.9 85.6 ± 25.1 0.0010
Gamma-glutamyltransferase (IU/l) 25.8 ± 6.1 24.5 ± 3.8 22.4 ± 4.9 21.5 ± 6.1 25.8 ± 9.3 26.8 ± 7.7 31.7 ± 11.9 0.0979
Blood urea nitrogen (mg/dl) 13.1 ± 2.7 13.6 ± 3.7 11.3 ± 2.8 8.9 ± 2.9 9.4 ± 2.4 11.8 ± 2.1 14.7 ± 3.8 0.0018
Creatinine (mg/dl) 1.0 ± 0.2 1.1 ± 0.3 1.1 ± 0.3 1.0 ± 0.2 0.9 ± 0.2 0.7 ± 0.1 0.7 ± 0.1 0.0004
Glucose (mg/dl) 71.1 ± 13.0 80.5 ± 15.1 99.8 ± 33.9 48.4 ± 13.5 48.5 ± 13.5 48.4 ± 12.2 57.3 ± 6.8  <0.0001
Calcium (mg/dl) 10.2 ± 1.1 10.8 ± 1.1 8.6 ± 1.1 9.1 ± 1.2 9.8 ± 0.7 9.7 ± 0.5 9.6 ± 0.6 0.0014
Inorganic phosphorus (mg/dl) 6.5 ± 1.0 7.2 ± 1.4 4.1 ± 1.0 5.9 ± 1.8 6.3 ± 1.6 6.1 ± 0.9 5.6 ± 0.7 0.0002
Magnesium (mg/dl) 2.4 ± 0.4 2.6 ± 0.5 2.5 ± 0.6 2.0 ± 0.2 2.4 ± 0.5 2.4 ± 0.2 2.4 ± 0.1 0.0288
Triglyceride (mg/dl) 18.1 ± 5.9 20.8 ± 8.4 ND ND ND ND ND -
Phospholipid (mg/dl) 113.6 ± 30.5 111.0 ± 21.0 66.4 ± 16.8 84.8 ± 11.5 111.1 ± 17.8 157.1 ± 27.4 214.9 ± 37.7  <0.0001
Non-esterified fatty acids (µEQ/l) 98.7 ± 29.3 105.5 ± 31.6 530.6 ± 293.4 568.2 ± 270.4 393.2 ± 233.4 328.0 ± 122.8 250.7 ± 203.0  <0.0001

Values are presented as mean ± standard deviation. ND means not detected; Values of a number of samples were analyzed as <5 mg/dl.

Table 6.	 Comparison of lipoprotein fractions and biochemical parameters between healthy cows (at calving and 1 week 
postpartum) and cows with transitional disorder

Blood biomarkers (units) healthy cows at 
calving (n=10)

healthy cows 1 w 
postpartum (n=10)

cows with fatty 
liver (n=10)

cows with milk 
fever (n=6)

Kuruskul-Wallis 
test

Duration from calving 0 7 4.4 ± 3.0 1.3 ± 1.9 -
Body condition score 3.28 ± 0.30 3.20 ± 0.35 3.43 ± 0.54 3.29 ± 0.29 0.7840
Total-cholesterol (mg/dl) 65.8 ± 13.3 75.0 ± 11.9 62.3 ± 9.9 61.5 ± 17.2 0.1431
HDL-cholesterol (mg/dl) 57.5 ± 10.3 67.9 ± 10.5 55.2 ± 8.8 53.3 ± 13.8 0.0446
LDL-cholesterol (mg/dl) 7.8 ± 3.5 6.9 ± 1.7 6.8 ± 2.2 7.6 ± 4.1 0.9715
HDL/LDL (ratio) 8.3 ± 2.4 10.1 ± 1.8 8.8 ± 2.8 8.8 ± 4.4 0.3794
HDL-cholesterol (%) 87.8 ± 4.2 90.5 ± 1.5 88.7 ± 3.8 87.2 ± 5.5 0.4019
LDL-cholesterol (%) 11.5 ± 3.3 9.2 ± 1.5 10.9 ± 2.9 11.7 ± 4.4 0.3355
Total protein (g/dl) 6.6 ± 0.6 6.4 ± 0.4 6.8 ± 0.5 6.9 ± 0.1 0.1845
Albumin (g/dl) 3.5 ± 0.3 3.3 ± 0.2 3.5 ± 0.4 3.5 ± 0.3 0.2176
Total bilirubin (mg/dl) 0.2 ± 0.1 0.2 ± 0.2 1.1 ± 0.3 0.4 ± 0.3  <0.0001
Aspartate aminotransferase (IU/l) 83.0 ± 28.3 96.1 ± 20.1 270.9 ± 206.0 80.0 ± 18.2 0.0005
Gamma-glutamyltransferase (IU/l) 22.4 ± 4.9 21.5 ± 6.1 37.5 ± 12.3 25.0 ± 3.8 0.0011
Blood urea nitrogen (mg/dl) 11.3 ± 2.8 8.9 ± 2.9 13.3 ± 3.6 13.8 ± 2.1 0.0116
Creatinine (mg/dl) 1.1 ± 0.3 1.0 ± 0.2 1.0 ± 0.2 1.1 ± 0.3 0.6987
Glucose (mg/dl) 99.8 ± 33.9 48.4 ± 13.5 43.7 ± 20.5 72.2 ± 60.3 0.0012
Calcium (mg/dl) 8.6 ± 1.1 9.1 ± 1.2 8.5 ± 1.0 5.5 ± 1.0 0.0022
Inorganic phosphorus (mg/dl) 4.1 ± 1.0 5.9 ± 1.8 5.4 ± 2.1 2.4 ± 1.4 0.0021
Magnesium (mg/dl) 2.5 ± 0.6 2.0 ± 0.2 1.9 ± 0.4 2.5 ± 0.6 0.0400
Triglyceride (mg/dl) ND ND ND ND -
Phospholipid (mg/dl) 66.4 ± 16.8 84.8 ± 11.5 78.7 ± 11.6 61.0 ± 13.1 0.0089
Non-esterified fatty acids (µEQ/l) 530.6 ± 293.4 568.2 ± 270.4 1,476.0 ± 366.5 748.2 ± 383.6 0.0002
Values are presented as means ± standard deviation. ND means not detected; Values of all samples were analyzed as <5 mg/dl.
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requirement for cholesterol for maternal steroid hormone production at the end of pregnancy [13, 30]. Maintaining HDL-C-rich 
lipoprotein profiles throughout the transition period limits the increase in NEFAs and ensures energy balance in dairy cows [22]. 
In human studies, HDL-C is a good indicator of hepatocellular function for patients with acute liver failure [19]. Although this has 
been suggested in dairy cows [22], the relationship between HDL-C during the transition period and hepatocellular function and 
energy balance in dairy cows should be studied further.

The lipoprotein profiles of the 10 cows with fatty liver, the six cows in the milk fever group, and the 10 healthy dairy cows (at 
calving and 1 w postpartum) were compared to investigate the clinical significance of the lipoprotein profiles. Peripartum disease 
induces a decrease in apolipoprotein B-100 and A-I, comprising HDL-C, LDL-C, IDL-C, and VLDL-C [9, 24]. Furthermore, 
a decrease in serum lipoprotein in cows during the periparturient period is related to hepatic steatosis [20, 26]. In the present 
study, the cows with fatty liver and milk fever had a lower mean HDL-C level than healthy dairy cows at calving and 1 w 
postpartum. Previous studies have suggested that cows with a serum HDL level of >89% at dry-off could result in a better 
reproductive performance than lower HDL levels [5]. In the present study, cows with fatty liver (5/10) and milk fever (2/6) had 
a HDL-C/Total-C ratio of >89%. The ratio of HDL-C/Total-C is not a useful marker for differentiating healthy and cows with 
TCD. Furthermore, cows with fatty liver (9/10) and milk fever (5/6) had an HDL-C level of <65 mg/dl. Newman et al. [22] 
suggested that the ability of cows to produce adequate levels of HDL is a better indicator of liver function than TG level or LDL. 
Additionally, HDL is considered an anti-inflammatory lipoprotein in human study [27]. Whether a high HDL-C level also has a 
positive effect in dairy cows in order to prevent TCD during the transition period should be studied further. The occurrence of 
fatty liver is correlated with a negative energy balance and HDL-C might be a key factor in maintaining hepatic function and 
ameliorating pathophysiology of the disease. Since milk fever is more related to calcium adjustment in the dry period through 
feeding, decreased HDL-C might be related to onset of the disease (mean 1.3 days, relatively close to calving) (Table 6). Generally, 
the LDL-C level is reduced in cows with fatty liver syndrome [21]. However, we did not detect changes in LDL-C level between 
groups. In the future, lipoprotein profiles for each manifestation of fatty liver, milk fever, and displaced abomasum should be 
elucidated by increasing the number of cows in each category.

Some biochemical analysis results were different between the groups. Increased glutamic oxaloacetic transaminase and gamma-
glutamyltransferase activities, and total bilirubin and NEFA levels in cows with fatty liver might be related to hepatic cell damage 
and negative energy balance [11]. An increase in the glucose level in healthy cows at calving might be related to insulin resistance 
and delivery stress [6]. A decreased calcium level in the milk fever group is related to the pathophysiology of the disease. 
Furthermore, the Total-C and TG levels (<5 mg/dl in all samples) were not significantly different between the groups. HDL-C 
would be a more useful lipid marker for evaluating hepatic cholesterol production and energy balance than lipid markers (Total-C 
and TGs).

In conclusion, in the present study, a preliminary study of the changes in lipoprotein profiles was determined using AEX-HPLC 
in healthy dairy cows on two dairy farm during the transition period. In the future, a larger trial would be appropriate to obtain 
reference values for evaluating lipoprotein profiles using AEX-HPLC. Furthermore, HDL-C might be a useful lipid indicator for 
differentiating healthy cows and cows with fatty liver and milk fever. In the future, changes in diet and/or rearing management to 
maintain higher HDL-C levels in dairy cows during the transition period should be investigated.
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