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and gene expression of proinflammatory markers in periparturient dairy cows
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ABSTRACT

During the periparturient period, elevated circulating
nonesterified fatty acids (NEFA) from excessive lipid
mobilization affect not only the circulating fatty acid
(FA) composition, but also that of the peripheral blood
mononuclear cells (PBMC) and polymorphonuclear
leukocytes (PMNL). However, the changes to specific
lipid fractions remain unknown. We hypothesized that
elevated lipid mobilization will alter FA profiles and
gene expression of selected proinflammatory mediators
in PBMC and PMNL. Starting —28 d relative to ex-
pected calving (d 0), treatment cows (n = 18) received
a dry cow ration plus an additional 10 kg of corn/head
per day, while the control cows (n = 16) received the
dry cow ration (no additional corn) supplemented with
400 mg of monensin/head per day to minimize lipid
mobilization. Postpartum, treatment cows were feed
deprived for 8 h on d +3. For FA analysis, serum was
collected on d —28 and —7 relative to expected parturi-
tion and d +1, +3, 46, +15, and +21 postpartum, in
addition to milk samples. Immune cells, PBMC and
PMNL, were isolated on d —28, +3, +12, and +21 for
FA analysis and gene expression analysis by reverse-
transcription PCR. Serum, PBMC, and PMNL lipids
were fractionated into NEFA and phospholipids (PL).
The FA composition of milk, serum, PBMC, and PMNL
was analyzed by gas chromatography. Data were ana-
lyzed as repeated measures ANOVA using mixed model
procedures in SAS (9.3) with significance declared at P
< 0.05. Several FA varied by treatment and across time
and parity. Within the serum PL fraction, FA associ-
ated with altered immune function, C18:3n-6, C20:4,
C20:5, total n-3, and the ratio of n-6 to n-3 varied sig-
nificantly by a treatment x parity X time interaction.
Overall, FA composition of NEFA and PL fractions
from PBMC and PMNL did not significantly reflect
FA of serum. Gene expression for IL-13 in PBMC was
greater for control, whereas ICAM, IL-18, IL-6, and
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TNF-a were greater in primiparous than multiparous
cows, without a detectable treatment effect. Whereas
gene expression of CASP, IL-8R, and SELL in PMNL
changed over time, no treatment effect was detected. In
summary, high-energy prepartal diets altered FA pro-
file in serum, milk, PBMC, and PMNL lipids; however,
gene expression of selected proinflammatory mediators
was not significantly affected.

Key words: fatty acid, peripheral mononuclear cell,
polymorphonucleocyte, gene expression

INTRODUCTION

One of the primary challenges faced by cows during
the periparturient period is the substantial increase in
nutrient requirements when supply is inadequate from
insufficient DMI. To compensate for this negative nu-
trient balance, cows mobilize lipid stores (Goff, 2006).

Lipids are transported and found in various fractions
in blood and tissue including neutral lipids, nonesterified
fatty acids (NEFA), and phospholipids (PL). Neutral
lipids, such as triglycerides and cholesterol esters, are
the most abundant fraction of lipids. During the transi-
tion period, high-producing dairy cows experience lipid
mobilization and elevated circulating concentrations of
NEFA. This can overwhelm and disrupt liver function,
leading to fatty liver disorder, ketosis, and other meta-
bolic disorders (Rukkwamsuk et al., 1999).

Altering the fatty acid (FA) profile of PL may alter
eicosanoid metabolism and synthesis of inflammatory
mediators. For example, supplementation of n-3 FA in
the diet increases n-3 concentrations in the PL fraction
and alters the eicosanoid metabolism to produce less
potent proinflammatory mediators and more anti-in-
flammatory mediators and to reduce cytokine produc-
tion in immune cells, such as peripheral blood mono-
nuclear cells (PBMC) and PMNL (Calder, 2005). In
contrast, elevated NEFA concentrations from excessive
lipid mobilization are shown to decrease immune cell
function and alter population distributions (Lacetera
et al., 2004; Scalia et al., 2006), ultimately affecting
overall immune responses within the cow.

The objective of this study was to determine the
effects of prepartum dietary manipulation to increase

2104



EFFECTS OF ELEVATED SUBCUTANEOUS FAT STORES

subcutaneous lipid stores and elevate periparturient
lipid mobilization on serum, PBMC and PMNL FA
profile in NEFA and PL fractions as well as PBMC and
PMNL gene expression of proinflammatory cytokines
and adhesion molecules.

MATERIALS AND METHODS

A total of 34 (14 primiparous and 20 multiparous)
healthy Holstein dairy cows were included in the exper-
iment from d —28 through d 421, relative to expected
parturition (d 0). Cows were blocked by parity and as-
signed to 1 of 2 groups administered prepartum: control
and treatment. Control animals received the basal dry
cow ration with an additional 400 mg of monensin/
head per day (in 0.23 kg of corn) to minimize lipid
mobilization. Treatment animals received the basal dry
cow ration with an additional 10 kg of dry, cracked
corn/head per day and were then fasted for 8 h on
d +3 postpartum to promote lipid mobilization. All
multiparous cows received 0.23 kg/head of SoyChlor
(West Central, Ralston, TA) starting d —14 through
parturition to help maintain desired dietary cation—an-
ion balance and reduce risk of milk fever.

Cows were housed in open pens prepartum and tie-
stalls postpartum. Free choice water was available and
cows were fed ad libitum twice daily to ensure 5 to
10% refusals. Cows were fed by pen prepartum and
individually postpartum, and intake was recorded daily.
Prepartum, cows were fed a total mixed ration (46.4%
DM) with the following ingredients: triticale silage
(44.3%), 50:50 oat and pea silage (14.8%), alfalfa hay
(12.9%), grass hay (10.0%), dry rolled barley (9.0%),
liquid mineral /vitamin premix (5.0%; Performix Nutri-
tion Systems, Caldwell, ID), cracked corn (4.0%), and
salt (0.2%). The basal prepartum ration contained (on
a DM basis) 12.1% CP, 34.4% ADF, 51.6% NDF, 2.8%
ether extract, 0.7% Ca, 0.3% P, 2.5% K, 0.2% Mg,
and 1.39 Mcal of predicted NE; /kg. Postpartum, cows
were fed a total mixed ration (62.3% DM) consisting
of triticale silage (30.0%), canola meal (17.1%), dry
rolled barley (16.4%), dry distillers grains with soluble
(9.0%), cracked corn (7.2%), alfalfa hay (6.4%), grass
hay (6.4%), liquid mineral/vitamin premix (4.5%),
calcium soaps of FA (2.3%; EnerGII; Virtus Nutrition,
Corcoran, CA), sodium bicarbonate (0.5%), and salt
(0.2%). The postpartum ration contained (on a DM
basis) 17.6% CP, 24.5% ADF, 38.4% NDF, 5.6% ether
extract, 0.9% Ca, 0.5% P, 1.8% K, 0.3% Mg, and 1.64
Mcal of predicted NE; /kg.

Cows were milked 3 times daily at 0600, 1400, and
2200 h in a double-4 herringbone parlor with milk yields
recorded daily. Energy corrected milk was calculated
using the following equation: 0.327 x milk yield (kg)
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+ 12.95 x fat yield (kg) + 7.65 x protein yield (kg).
Cows were assessed for BCS (Wildman et al., 1982) and
BW on d —28 and —7 relative to predicted parturition
and then +3, +12, and +21 d thereafter by 2 trained
observers, and averaged values were used. Results for
BCS are not reported here because of errors made
during measurement. All procedures involving animals
were approved by the University of Idaho Animal Care
and Use Committee (Protocol 2011-24).

Sample Collection

Blood samples were obtained on d —28 and —7 rela-
tive to expected calving and d +1, +3, +6, +15, and
+21. Approximately 7 to 10 mL of blood was collected
via coccygeal venipuncture into serum BD Vacutainers
(Becton, Dickinson and Company, Franklin Lakes, NJ).
Blood was allowed to coagulate for 24 h before serum
was obtained after centrifugation (1,500 x g at 4°C for
15 min).

Additional blood samples were obtained on d —28,
43, +12, and +21, relative to calving for PBMC and
PMNL isolation. Approximately 50 mL of blood was
collected via jugular venipuncture and 100 pL of 180
USP units of sodium heparin (Sigma Aldrich, St.
Louis, MO) were added. After centrifugation (740 X
g at 10°C for 10 min), plasma was removed and red
blood cells were lysed with sterile water for 20 s before
adding 2.5 mL of sterile 10% NaCl solution to stop
lysis. The PBMC and PMNL were isolated by gradient
centrifugation using Histopaque 1077 and 1119 (Sigma
Aldrich). Isolated PBMC and PMNL were washed in
Hanks’ balanced salt solution (HBSS; Sigma Aldrich)
and then resuspended in 5 mL of HBSS. Cell suspen-
sions were aliquoted into 2 tubes and stored at —80°C
for gene expression and FA analysis.

Milk was collected on d +1, +3, +6, +15, and +21
postpartum at all 3 milkings on the sample day and
pooled in proportion to the yield at each milking.
Fifteen milliliters of milk was stored at —20°C before
being analyzed for FA; milk urea nitrogen (Minnesota
DHIA, Zumbrota, MN); fat, true protein, and lactose
via infrared spectroscopy; solids-not-fat; and SCC by
Fossomatic analysis (Washington DHIA, Burlington,
WA).

Lipid Analysis

Lipids were extracted from the feed, serum, milk,
PBMC, and PMNL using chloroform:methanol (2:1)
as previously described by Clark et al. (1982). Serum,
PBMC, and PMNL lipids were fractionated through
silica-based, solid bonded phase Sep-Pak aminopropyl
(NH2) cartridges (Waters Corporation, Milford, MA)
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to yield 3 fractions: neutral lipid (NL), NEFA, and PL.
The NL fraction was eluted via chloroform:2-propanol
(2:1), the NEFA fraction via 2% acetic acid in ethyl
ether, and the PL fraction via methanol (Kaluzny et al.,
1985). The NEFA and PL fractions of serum, PBMC,
and PMNL along with extracted milk lipids were meth-
ylated using 0.5 M sodium methoxide in a 2-step pro-
cedure (Kramer et al., 1997). Fatty acid methyl esters
were analyzed with an Agilent 7890A gas chromato-
graph equipped with an auto sampler, flame ionization
detector, and an Agilent J&W HP-88 column (100 m x
0.250 mm x 0.20 pm film; Agilent Technologies, Santa
Clara, CA) in a modified 45-min method as described
by Scholte et al. (2014). Peaks were identified using
a Supelco 37 Component FAME Mix (Sigma-Aldrich).
Within each lipid sample, all identified peaks were used
to calculate total FAME. Individual FA (g/100 g of
FAME) were calculated as individual FA divided by
total FAME.

Gene Expression Analysis

Total RNA was collected from PBMC and PMNL
using the NucloSpin RNA kit (Machery-Nagel, Duren,
Germany) according to the manufacturer’s instruc-
tions. A NanoDrop ND-1000 (NanoDrop Technologies,
Rockland, DE) spectrophotometer was used to deter-
mine RNA concentration. One hundred nanograms of
RNA was used for synthesis of single-stranded cDNA
using the Applied Biosystems High-Capacity cDNA
Reverse Transcription kit (Applied Biosystems, Foster
City, CA). Single-stranded ¢cDNA was then used for
gene expression analysis with a 7500 Fast Real-Time
System (Applied Biosystems), and PCR of 20-pL
samples was done in duplicate using Tagman Universal
PCR Master Mix (Applied Biosystems) and Custom
Tagman Gene Expression assays (Applied Biosys-
tems). Expression of IL-13 (/L-1f; accession number
NM_174903.1), IL-6 (IL-6; NM_174923.2), intercellu-
lar adhesion molecule 1 (ICAM; NM_174348.2), and
tumor necrosis factor-a (TNF-o; NM_001101152.2)
was measured in PBMC. Interleukin-8 receptor (IL-
8R; DQ389113), L-selectin (SELL; NM_174182.1),
and caspase-1 (CASP; XM_002692921) expression was
measured in PMNL relative to endogenous controls,
glyceraldehyde 3-phophate dehydrogenase (GAPDH;
NM_001034034.2) and ribosomal protein S9 (RPSY;
NM_001101152.2). Primer/probe set for IL-8R (for-
ward primer: ATGCGGGTCATCTTTGCTG; reverse
primer: ATGAGGGTGTCCGCGATC; probe: CTC-
GTCTTCCTGCTCTGCTGGCT) was designed using
Primer Express software v. 1.5 (Applied Biosystems).
Caspase-1 was designed by Custom Plus TagMan RNA
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Assay (Applied Biosystems). All other gene primer/
probe sets were developed by Applied Biosystems.

Data Analysis

Response variables were analyzed as repeated mea-
sures using the MIXED model procedure (Version 9.3,
SAS Institute Inc., Cary, NC). Sources of variation in
the model included effects of treatment, time, and par-
ity as well as 2- and 3-way interactions among the main
effects. Cow nested within treatment X parity was des-
ignated as a random effect in the model. Significance
was declared at P < 0.05. Data are presented as least
squares means (LSM) + standard errors of the mean
(SEM). Gene expression data were analyzed using Ct
values normalized to the average of the endogenous
control genes GAPDH and RPS9. Gene expression data
over time are expressed as fold change (2722%) relative
to d —28.

RESULTS AND DISCUSSION
Fatty Acid Analysis

In the current study, serum lipids were fraction-
ated into NEFA and PL and several FA differed from
the high-energy (prepartum) ration. Although NEFA
typically constitute less than 1% of the total circulating
lipid fractions (Quehenberger et al., 2010), total con-
centration increases slightly over the prepartum period,
peaks shortly after parturition, and decreases through
postpartum (Scholte et al., 2014). Total serum NEFA
concentrations were not determined in the present
study; however, it is possible to speculate that a similar
pattern would have occurred based on previous studies.
In the NEFA fraction, sum of C18:1 cis (P < 0.01)
and all ¢is-9,12-C18:2 (C18:2 cis; P < 0.01) differed,
and C18:0 (P < 0.10) tended to differ by treatment
across parity and the periparturient period (i.e., time;
Table 1). Given the high degree of lipid mobilization
in the form of NEFA to compensate for severe nega-
tive energy balance in the periparturient period (Goff,
2006) and the primary FA of subcutaneous adipose
tissue being C16:0, C18:0, and C18:1 (Douglas et al.,
2007), it is not surprising that these FA changed over
time. The control group had greater concentrations of
C18:3n-3 (1.3 vs. 1.0 + 0.1 g/100 g of FAME; P =
0.04) in serum NEFA than the treatment group, with
the greatest concentration just before parturition (P =
0.02; Figure 1). A proportion of the C18:3n-3 from the
serum NEFA fraction could have potentially been used
by the mammary gland for milk fat synthesis; however,
their true origin (diet or mobilized from lipid stores)
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Table 1. Least squares means of FAME (g/100 g) of the nonesterified fatty acid fraction of serum obtained from dairy cows [14 multiparous (M)
and 20 primiparous (P)] that received either the treatment of 10 kg of corn/head per day prepartum and were fasted for 8 h on d 3 postpartum
(TRT) or control of 400 mg of monensin/head per day prepartum (CON) throughout the periparturient period

TRT CON P-value

Fatty acid, g/100 g M P M P SEM* TRT TRT X time TRT x parity X time
C14:0 3.6 2.8 3.1 3.4 0.4 0.76 0.46 0.18
C14:1 2.0 1.9 1.9 2.0 0.2 0.99 0.18 0.75
C15:0 0.74 0.74 0.76 0.98 0.11 0.19 0.24 0.24
C15:1 0.32 0.46 0.54 0.59 0.18 0.22 0.27 0.57
C16:0 28.0 27.4 27.9 27.6 0.7 0.89 0.70 0.04
C16:1 2.9 2.9 3.4 3.3 0.4 0.18 0.01 0.19
C17:0 1.3 1.4 1.4 1.6 0.1 0.24 0.12 0.06
C17:1 0.26 0.56 0.34 0.37 0.14 0.59 0.70 0.95
C18:0 23.0 24.8 24.4 25.0 1.0 0.41 0.22 0.10
C18:1 trans-9 1.42 2.1 1.6 1.9 0.3 0.97 0.54 0.24
C18:1 ¢is-9 22.7 21.8 21.9 19.0 1.3 0.13 0.41 <0.01
C18:2 all trans-9,12 0.07 0.08 0.08 0.08 0.02 0.81 0.26 0.07
C18:2 all ¢is-9,12 7.9 74 7.6 6.9 0.6 0.42 0.30 0.01
C18:3n-6 0.06 0.08 0.07 0.08 0.02 0.86 0.36 0.29
C20:0 — — — — — — — —
C18:3n-3 1.1 1.0 1.1 1. 0.2 0.04 0.02 0.29
C20:1 0.10 0.14 0.06 0.19 0.07 0.94 0.14 0.71
C21:0 0.12 0.09 0.16 0.17 0.05 0.10 0.93 0.19
C20:2 0.08 0.10 0.08 0.18 0.07 0.44 0.43 0.87
€22:0 0.36 0.20 0.26 0.33 0.08 0.74 0.13 0.14
C20:3n-6 0.70 0.86 0.64 0.82 0.10 0.63 0.95 0.59
C20:3n-3 0.18 0.19 0.26 0.30 0.09 0.19 0.52 <0.01
€22:1 0.31 0.35 0.27 0.22 0.08 0.19 0.32 0.17
C20:4 1.26 0.99 0.83 0.89 0.16 0.06 0.25 0.01
€23:0 0.30 0.27 0.26 0.34 0.09 0.84 0.39 0.74
C22:2 0.06 0.07 0.06 0.17 0.07 0.26 0.72 0.23
C20:5 0.33 0.32 0.26 0.38 0.09 0.92 0.62 0.48
C24:0 0.20 0.19 0.20 0.28 0.07 0.47 0.10 0.24
€24:1 0.08 0.05 0.04 0.14 0.07 0.66 0.60 0.31
C22:6 0.04 0.18 0.01 0.27 0.19 0.88 0.47 0.73
¥ SFA 58.1 58.6 59.2 60.7 1.4 0.19 0.93 0.19
Y UFA 41.9 414 40.8 39.3 1.4 0.19 0.93 0.19
¥ MUFA 30.1 30.2 29.9 27.7 1.7 0.37 0.64 <0.01
Y PUFA 11.8 11.2 10.9 11.6 0.9 0.75 0.87 <0.01
¥ n-6’ 8.8 8.5 8.4 8.1 0.6 0.50 0.29 0.06
¥ n-3° 1.6 1.7 1.6 2.5 0.4 0.25 0.53 0.18
n-6:n-3 6.8 6.1 5.9 45 0.5 0.01 0.11 0.82
SFA:UFA 1.5 1.5 1.5 1.6 0.1 0.15 0.95 —

"Largest SEM reported.

’n-6 included C18:2 all trans-9,12, C18:2 all ¢is-9,12, C18:3n-6, C20:2, C20:3n-6, C20:4, and C22:2.

*n-3 included C18:3n-3, C20:3n-3, C20:5, and C22:6.

remains unknown because FA were not labeled in the
current study. Eicosanoid precursor, C20:4, tended to
have greater concentrations in treatment animals (0.86
vs. 1.12 + 0.10 g/100 g of FAME, P = 0.06), potentially
increasing available substrate for increased synthesis
of eicosanoid and proinflammatory mediators. Several
other long-chain PUFA, such as C20:5 and C22:6, had
no detectable differences between treatments, pos-
sibly because of high variation between samples and
relatively low concentrations present in periparturient
cows’ serum (Contreras et al., 2010).

Within bovine plasma, PL concentrations are ap-
proximately 25% of the total serum lipid content
(Christie, 1981). During the periparturient period, PL

concentrations remain constant through the prepartum
period and steadily increase with progression of early
lactation postpartum (Imhasly et al., 2015). Changes
in circulating PL concentration coincide with changes
in FA. Several FA associated with eicosanoid produc-
tion in serum PL varied by treatment across parity and
time, as shown in Figure 2 and Table 2. Concentra-
tions of C20:4 differed (P < 0.01), with multiparous
cows having greater prepartum concentrations than
primiparous cows. After parturition, concentrations
were similar between treatment and parity groups. The
n-3 FA C20:5 had concentrations greater in control
animals prepartum and primiparous cows postpartum
(P = 0.04). Contreras et al. (2010) reported values al-
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most half the concentrations of C20:4, yet similar C20:5
concentrations were observed in this study in plasma
PL. Greater C20:4 and decreased C20:5 concentrations
in multiparous animals as compared with primiparous
animals suggests the possibility of a proinflammatory
state in multiparous animals because of increased avail-
able C20:4 substrate for synthesis of proinflammatory
mediators and reduced inhibition of eicosanoid metabo-
lism by C20:5. Ratio of n-6 to n-3 was very high for this
fraction, primarily because of low total n-3 and high
C18:2 cis concentrations in the serum PL profile. The
ratio was greater for treatment animals in the prepar-
tum period and for multiparous cows in the postpartum
period. Similar to the serum NEFA fraction, concentra-
tions of C18:3n-3 varied by treatment X time (P <
0.01) with greater concentrations observed in the con-
trol group prepartum, but concentrations postpartum
did not differ.

In the present study, few FA in the NEFA fraction
of PBMC had significant changes in concentration be-

2.5 9 *

Serum NEFA C18:3n-3, g/100 g

Serum PL C18:3n-3, g/100 g

0.6 1
0.55 A
0.5 A

<
0.45 A p=ool

n-3, g/100 g

0.4 -
0.35 A

Milk C18:3

0.3 T T T T T T |
-28 221 -14 -7 0 7 14 21

Time relative to parturition, d

Figure 1. Least squares means (+SE) of C18:3n-3 (g/100 g) of the
nonesterified fatty acid (NEFA) and phospholipids (PL) fractions of
serum and milk lipids from periparturient dairy cows (14 multiparous
and 20 primiparous) that received either the treatment (open circle;
O) of 10 kg of corn/head per day prepartum and were fasted for 8 h on
d 3 postpartum or control (closed square; W) of 400 mg of monensin/
head per day prepartum. *P < 0.05.
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€204, g/100 g
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n-6:n-3

Time relative to parturition, d

Figure 2. Least squares means (+SE) of C20:4 (g/100 g), C20:5
(g/100 g), and n-6:n-3 profile of the phospholipids fraction of serum
lipid samples obtained from periparturient dairy cows [14 multiparous
(solid line) and 20 primiparous (dashed line)] that received either the
treatment (open circle; O) of 10 kg of corn/head per day prepartum
and were fasted for 8 h on d 3 postpartum or control (closed square;
W) of 400 mg of monensin/head per day prepartum.

cause of treatment (Table 3). As observed in the serum
NEFA profile, concentrations of C20:4 in the NEFA
fraction of PBMC were greater in treatment animals
compared with control animals (1.29 vs. 0.52 £ 0.27
g/100 g of FAME, P = 0.02). Concentrations of C20:4
also varied by treatment across parity and time (Figure
3; P = 0.02). Primiparous treatment animals had a
greater C20:4 prepartum concentration that dropped
to concentrations similar to those observed in primipa-
rous control animals. Multiparous animals had greater
C20:4 concentrations after parturition before returning
to similar concentrations of the primiparous animals
at d 21 postpartum. Although no significant difference
was detected for sum of n-3 and sum of n-6 (Table
3), the ratio of n-6 to n-3 varied slightly by treatment
across parity and time (Figure 3; P = 0.05). Concentra-
tions peaked after parturition in primiparous animals
as compared with multiparous animals around d 12
postpartum and continued increasing rapidly in treat-
ment animals at 21 DIM. Predominant FA found in
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Table 2. Least squares means of FAME (g/100 g) of the phospholipids fraction of serum obtained from dairy cows [14 multiparous (M) and 20
primiparous (P)] that received either the treatment of 10 kg of corn/head per day prepartum and were fasted for 8 h on d 3 postpartum (TRT)
or control of 400 mg of monensin/head per day prepartum (CON) throughout the periparturient period

TRT CON P-value

Fatty acid, g/100 g M P M SEM' TRT TRT x time TRT X parity x time
C14:0 2.2 1.8 1.7 1.9 0.4 0.55 0.52 0.24
C14:1 0.58 0.59 0.56 0.60 0.07 0.86 0.27 0.47
C15:0 0.51 0.57 0.46 0.65 0.05 0.70 <0.01 0.14
C15:1 0.27 0.37 0.26 0.33 0.05 0.62 0.99 0.23
C16:0 22.4 21.9 22.6 22.0 0.6 0.76 0.66 0.81
C16:1 1.2 1.2 14 1.4 0.1 0.13 0.26 0.47
C17:0 0.83 1.11 0.94 1.15 0.10 0.31 0.55 0.43
C17:1 0.88 0.65 0.49 0.70 0.16 0.13 0.24 0.65
C18:0 23.5 24.7 23.8 25.4 1.4 0.68 0.21 0.31
C18:1 trans-9 1.2 1.3 1.2 1.7 0.3 0.45 0.56 0.92
C18:1 c¢is-9 13.4 13.6 12.6 14.0 0.7 0.77 0.39 0.41
C18:2 all trans-9,12 0.17 0.13 0.17 0.18 0.02 0.22 0.01 0.76
C18:2 all ¢is-9,12 20.9 19.7 19.6 17.3 1.2 0.10 0.01 0.55
C18:3n-6 0.34 0.26 0.28 0.24 0.03 0.18 0.44 <0.01
C20:0 0.14 0.16 0.17 0.21 0.02 0.06 0.03 0.07
C18:3n-3 1.3 1.3 1.6 1.9 0.1 <0.01 <0.01 0.07
C20:1 0.15 0.16 0.09 0.14 0.02 0.04 0.61 0.11
C21:0 0.08 0.03 0.05 0.05 0.02 0.62 0.27 0.37
C20:2 0.10 0.12 0.12 0.07 0.04 0.73 0.97 0.24
C22:0 1.4 14 1.3 b 0.2 0.94 0.73 0.29
C20:3n-6 2.7 2.2 2.5 2.0 0.2 0.15 0.09 <0.01
C20:3n-3 0.10 0.08 0.17 0.09 0.06 0.36 0.30 0.15
C22:1 — — — — — — —
C20:4 3.1 3.0 3.4 2.4 0.2 0.64 0.05 <0.01
C23:0 0.39 0.31 0.37 0.49 0.05 0.05 <0.01 0.57
C22:2 0.26 0.59 0.34 0.48 0.09 0.90 0.89 0.88
C20:5 0.24 0.30 0.23 0.56 0.09 0.09 0.40 0.04
C24:0 0.09 0.07 0.06 0.06 0.04 0.42 0.65 0.24
C24:1 0.33 0.23 0.38 0.21 0.05 0.78 0.90 0.06
C22:6 0.20 0.46 0.14 0.48 0.05 0.60 0.60 0.86
Y SFA 51.5 52.1 51.5 53.4 1.7 0.67 0.48 0.57
3 UFA 474 46.2 45.5 45.0 1.7 0.31 0.10 0.24
> MUFA 18.0 18.2 17.0 19.1 1.0 0.94 0.25 0.69
> PUFA 29.3 28.1 28.4 25.8 1.3 0.22 0.05 0.07
Y n-6 27.5 25.9 26.4 22.7 1.3 0.07 0.03 0.11
¥ n-3* 1.8 2.1 2.1 3.1 0.2 <0.01 <0.01 0.04
n-6:n-3 17.6 13.8 19.2 8.9 1.3 0.11 <0.01 <0.01
SFA:UFA 1.2 1.3 1.5 14 0.2 0.34 0.11 0.14

"Largest SEM reported.

’n-6 included C18:2 all trans-9,12, C18:2 all ¢is-9,12, C18:3n-6, C20:2, C20:3n-6, C20:4, and C22:2.

*n-3 included C18:3n-3, C20:3n-3, C20:5, and C22:6.

the NEFA fraction of PBMC were C16:0 (27.8 g/100
g FAME), C18:0 (26.6 g/100 g FAME), and C18:1 cis
(8.0 g/100 g FAME), similar to the FA profile found in
the serum NEFA fraction.

The FA profile of the PL fraction of PBMC has many
effects on cellular function. Alteration to the FA compo-
sition can result in alterations to membrane properties,
inter- and intra-cellular signaling, and lipid mediator
synthesis (Calder, 2008). The current experiment had
few FA concentrations change in FA profile of the PL
fraction of PBMC because of treatment (Table 4). In
contrast to PBMC NEFA C20:4 concentrations, the PL
fraction had a greater concentration of C20:4 in the
control group than in the treatment group (10.1 vs. 8.2
+ 0.6 g/100 g FAME, P = 0.02). As C20:4 functions as

a substrate for eicosanoid synthesis in human immune
cells (Calder, 2005), it is suggested that PBMC obtained
from dairy cows fed a typical prepartum diet have the
potential to produce more proinflammatory mediators
than cows fed a high-energy prepartum diet. Increased
synthesis of proinflammatory mediators is essential
for immune cells to respond to pathogen challenges;
however, excess production can result in a chronic
inflammatory state (Calder, 2008). Concentrations of
C18:3n-3, a potential precursor for C20:5 and C22:6
syntheses, were greater in treatment animals than con-
trol animals (1.07 vs. 0.63 £ 0.20 g/100 g FAME, P =
0.04). No significant difference was detected, however,
in C20:5 and C22:6 concentrations. This observation
was surprising because the FA profile in the PL fraction
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of PBMC typically reflects that of the circulating FA
profile (Contreras et al., 2010; Watts et al., 2013). The
relatively short prepartum feeding period, parturition,
or dietary change post parturition may have interrupted
this relationship. In the present study, greater serum
concentrations of C18:3n-3 in NEFA and PL were ob-
served in control animals. Given the relatively small
proportion of C18:3n-3 in the PL fraction of PBMC,
observed difference may be physiologically negligible.
Fatty acids in greatest concentration in the PL fraction
of PBMC were similar to those in the NEFA fraction
with C16:0 (22.8 g/100 g of FAME), C18:0 (19.5 g/100
g of FAME), and C18:1 cis (16.3 g/100 g of FAME).

SCHOLTE ETAL.

Neutrophils, the primary cell type in PMNL, serve
vital roles as phagocytes as well as in the production
of cytokines and lipid mediators to signal and recruit
nearby cells to aid in the immune response (Paape et
al., 2003). Alterations to the FA profile of PMNL re-
sult in changes similar to those observed in PBMC.
In this study, several FA differed in the PL fraction of
PMNL (Table 5). Although no difference was detected
in C18:3n-3 concentrations, C20:5 varied by treatment
across time and parity (P < 0.01). Primiparous cows
had greater concentrations of C20:5 than multiparous
cows, and the control group had greater quantities than
the treatment group. Greater available C20:5 can alter

Table 3. Least squares means of fatty acid methyl esters (g/100 g) of the nonesterified fatty acid fraction of peripheral blood mononuclear
cells obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)] that received either the treatment of 10 kg of corn/head per day
prepartum and were fasted for 8 h on d 3 postpartum (TRT) or control of 400 mg of monensin/head per day prepartum (CON) throughout the

periparturient period

P-value

Fatty acid, g/100 g M P M P SEM' TRT TRT x time TRT x parity x time
C14:0 5.7 5.6 4.3 5.4 0.6 0.16 0.24 0.07
Cl14:1 0.85 0.58 0.47 0.87 0.14 0.70 0.13 0.06
C15:0 1.4 1.3 1.0 1.3 0.1 0.05 0.23 0.07
C15:1 0.94 1.01 0.91 0.74 0.17 0.33 0.82 0.55
C16:0 27.9 27.9 274 28.1 1.4 0.91 0.78 0.41
C16:1 2.1 2.1 1.7 2.1 0.2 0.32 0.65 0.20
C17:0 1.3 1.7 1.4 1.4 0.5 0.85 0.99 0.96
C17:1 1.27 0.99 1.06 0.94 0.23 0.54 0.10 0.10
C18:0 25.1 24.7 29.4 26.8 2.1 0.08 0.45 0.84
C18:1 trans-9 2.3 2.2 1.6 2.0 0.5 0.33 0.07 0.61
C18:1 c¢is-9 7.8 7.3 7.6 8.6 1.5 0.72 0.81 0.35
C18:2 all trans-9,12 — — — — — — — —
C18:2 all ¢is-9,12 2.3 2.7 2.2 2.7 0.9 0.95 0.60 0.82
C18:3n-6 0.18 0.09 0.02 0.04 0.07 0.04 0.58 0.99
C20:0 0.67 0.57 0.62 0.74 0.11 0.49 0.12 0.90
C18:3n-3 2.5 24 2.1 1.8 0.8 0.41 0.40 0.18
C20:1 0.55 0.31 0.81 0.38 0.18 0.30 0.01 0.19
C21:0 0.53 0.47 0.65 0.31 0.22 0.93 0.23 0.70
C20:2 0.72 1.06 0.71 0.54 0.37 0.39 0.49 0.25
C22:0 34 3.4 3.1 3.0 1.1 0.72 0.82 0.14
(C20:3n-6 5.9 74 7.6 7.7 1.7 0.55 0.66 0.18
C20:3n-3 1.00 0.75 0.81 0.56 0.31 0.51 0.04 0.66
C22:1 2.6 2.1 2.1 2.0 0.7 0.58 0.43 0.05
C20:4 1.14 1.44 0.75 0.29 0.43 0.02 0.12 0.02
C23:0 0.26 0.20 0.22 0.05 0.06 0.11 0.99 0.44
C22:2 0.28 0.52 0.44 0.58 0.20 0.52 0.81 0.30
C20:5 0.05 0.36 0.02 0.24 0.27 0.69 0.34 <0.01
C24:0 0.20 0.21 0.20 0.23 0.07 0.90 0.79 0.10
C24:1 0.90 0.47 0.68 0.80 0.25 0.81 0.52 0.72
C22:6 — — — — — — — —
> SFA 66.4 66.0 68.5 67.2 2.5 0.49 0.59 0.79
> UFA 33.6 34.0 31.5 32.8 2.5 0.49 0.59 0.79
> MUFA 19.3 17.2 16.9 18.4 2.0 0.72 0.65 0.98
> PUFA 14.2 16.9 14.6 14.4 2.4 0.62 0.67 0.46
¥ n-6° 10.7 13.3 11.7 11.8 1.9 0.90 0.45 0.56
¥ n-3° 3.5 3.6 2.9 2.6 1.0 0.29 0.33 0.18
n-6:n-3 5.4 8.0 8.8 10.3 2.1 0.12 0.04 0.05
SFA:UFA 2.4 2.3 2.6 2.8 0.4 0.35 0.69 0.75

"Largest SEM reported.

n-6 included C18:2 all trans-9,12, C18:2 all ¢is-9,12, C18:3n-6, C20:2, C20:3n-6, C20:4, and C22:2.

3n-3 included C18:3n-3, C20:3n-3, C20:5, and C22:6.
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Figure 3. Least squares means (£SE) of C20:4 (g/100 g) profile
and n-6:n-3 ratio of the nonesterified fatty acid fraction of peripheral
blood mononuclear cell samples obtained from periparturient dairy
cows [14 multiparous (solid line) and 20 primiparous (dashed line)]
that received either the treatment (open circle; O) of 10 kg of corn/
head per day prepartum and were fasted for 8 h on d 3 postpartum
or control (closed square; M) of 400 mg of monensin/head per day
prepartum.

eicosanoid production and result in synthesis of less
potent proinflammatory mediators, decreased cytokine
production, and more anti-inflammatory mediators
(Calder, 2005). These mediators are beneficial in a
chronic inflammatory state; however, decreased syn-
thesis of cytokines and proinflammatory mediators can
alter the immune response and lead to an immunosup-
pressed state. These reported concentrations of C20:5
are relatively small in the total PL fraction; therefore,
the overall influence of C20:5 on PMNL function in the
immune response is likely to be minimal because FA
influence occurs in a dose-dependent manner (Calder,
2008). Limited information exists on the FA profile of
PMNL. Kawakami et al. (2007) reported a limited FA
profile from neutrophils isolated from humans with
much higher quantities of C20:5. In the current study,
ratio of n-6 to n-3 varied by treatment across time and
parity as seen in several other fractions with similar
response in that multiparous cows had greater concen-
trations than primiparous cows (P < 0.01; Figure 4).
Individual FA in milk can arise from 2 main sources:
de novo synthesis and uptake from circulation. These
circulating free FA can originate from either dietary
absorption or mobilization of adipose stores (Bauman
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and Davis, 1974). During early lactation when lipid
mobilization is elevated, NEFA from adipose can ac-
count for approximately 40% of milk FA (Bell, 1995).
In the current experiment, detection of milk FAME
for de novo synthesized FA (less than 14 carbons in
length) and many long-chain FA, specifically C20:4 and
C20:5, through gas chromatography was limited. The
mean composition of the FAME detected in milk and
sums of FA and ratios, therefore, do not fully reflect
the FA profile of milk lipids. Of the FAME detected,
concentration of C18:3n-3 varied by treatments across
time (P < 0.01), with control animals having greater
concentrations than treatment animals (Figure 1). Con-
centrations in the control group peaked shortly after
parturition before declining to concentrations similar to
those of the treatment group. As mentioned previously,
high-forage rations, similar to the control group ration
prepartum, have high concentrations of C18:3n-3 within
the ration (31.6 g/100 g of FAME C18:3n-3). Han et al.
(2014) reported similar milk C18:3n-3 concentrations
from cows fed a high-forage diet.

Ratio of total n-6 to n-3 FA varied across treatments
by parity and time interaction (P < 0.01; Figure 5). Both
total n-6 and total n-3 FA appeared to be contributing
factors for the overall changes in the ratio. Multiparous
cows had greater ratios than primiparous cows after
d +3. Within parity, treatment animals had a greater
n-6:n-3 than control animals (Table 6). Benbrook et
al. (2013) reported a similar n-6:n-3 ratio in milk from
cows fed conventional diets. High n-6 intake is associ-
ated with increased inflammation through greater pro-
duction of proinflammatory mediators (Calder, 2001).
Supplementing diets with high concentrations of n-3,
such as C20:5 and C22:6 typically found in fish oils,
are reported to have anti-inflammatory effects through
decreased production of proinflammatory and increased
anti-inflammatory mediators (Calder, 2005). Only trace
amounts of C22:6 and no C20:5 were detected in the
milk FA profile in the current study. With the growing
concern about rising n-6:n-3 in human diets and its as-
sociated potential for exacerbating cardiovascular dis-
ease, diabetes, and inflammation (Elwood et al., 2010),
it is interesting to note the effect of the high-energy
prepartum treatment ration and feed deprivation in
increasing the n-6: n-3 ratio in early lactating cows.

The FA profile of the prepartum ration was primarily
C18:3n-3 (31.6 g/100 g of FAME), C16:0 (24.8 g/100 g
of FAME), C18:2 cis (20.8 g/100 g of FAME), and total
C18:1 cis (11.4 g/100 g of FAME). High concentrations
of C18:3n-3 are typical for a high-forage diet, such as a
dry cow diet (Han et al., 2014). The postpartum ration
had greater concentrations of total C18:1 cis (34.3 g/100
g of FAME) and C18:2 cis (24.8 g/100 g of FAME) and
a decreased C18:3n-3 (4.7 g/100 g of FAME) concentra-
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tion. The increase in C18:2 cis and decrease in C18:3n-3
from the prepartum to postpartum ration were likely
the primary contributors to the increase in total n-6:n-3
from 0.68 in the prepartum ration to 5.2 postpartum.
This change is expected because the postpartum diet
has decreased forage and increased corn, dry distillers’
grains, barley, and calcium soaps of FA. Long-chain FA
C20:4 (0.13 vs. 0.03 g/100 g of FAME) and C22:6 (0.65
vs. 0.08 g/100 g of FAME) concentrations were greater
in the prepartum ration as well. Although these FA
only constitute a small fraction of detected FAME, it is
important to note their changes across rations because
their pro- and anti-inflammatory effects are dose de-
pendent (Calder, 2008).

SCHOLTE ETAL.

Gene Expression

During the periparturient period, expression of all
proinflammatory genes in PBMC and PMNL changed
over time (Table 7). Relative to prepartum, ICAM, IL-
18, IL-6, and TNF-« expression in PBMC and IL-8R
and SELL expression in PMNL increased as lactation
progressed, indicating that immune cells were likely en-
tering a proinflammatory state as also observed in the
transition cows’ liver (Bionaz et al., 2007; Graugnard
et al., 2013). Treatment effects were detected for IL-
18 mRNA expression in PBMC. Expression of IL-1(3
was greater in the control as compared to that for the
treatment (3.88 vs. 4.69 Ct; P = 0.04; Table 8). In an

Table 4. Least squares means of fatty acid methyl esters (g/100 g) of the phospholipids fatty acid fraction of peripheral blood mononuclear
cells obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)] that received either the treatment of 10 kg of corn/head per day
prepartum and were fasted for 8 h on d 3 postpartum (TRT) or control of 400 mg of monensin/head per day prepartum (CON) throughout the

periparturient period

TRT CON P-value

Fatty acid, g/100 g M P M P SEM! TRT TRT x time TRT x parity x time
C14:0 2.5 2.2 1.5 1.9 0.4 0.08 0.19 0.19
Cl14:1 0.57 0.43 0.50 0.53 0.13 0.87 0.02 0.23
C15:0 0.97 1.06 0.78 0.97 0.17 0.33 0.18 0.36
C15:1 0.43 0.55 0.62 0.48 0.10 0.53 0.98 0.71
C16:0 22.6 23.4 214 23.1 1.0 0.37 0.46 0.34
C16:1 1.39 1.22 1.00 0.95 0.18 0.02 0.32 0.53
C17:0 1.1 1.3 1.0 1.1 0.2 0.39 0.70 0.79
C17:1 0.95 0.64 0.47 0.74 0.14 0.11 0.57 0.19
C18:0 19.6 18.5 21.0 19.6 1.4 0.29 0.66 0.49
C18:1 trans-9 2.6 2.6 2.0 1.9 0.2 <0.01 0.03 0.26
C18:1 ¢is-9 16.5 16.2 15.1 16.2 0.8 0.36 0.84 0.08
C18:2 all trans-9,12 0.05 0.03 0.07 0.03 0.03 0.73 0.18 0.07
C18:2 all ¢is-9,12 9.3 8.8 9.1 9.2 0.9 0.93 0.97 0.20
C18:3n-6 0.10 0.12 0.08 0.09 0.03 0.50 0.74 0.03
C20:0 0.77 0.61 0.86 0.57 0.14 0.83 0.15 0.47
C18:3n-3 0.87 1.27 0.63 0.64 0.30 0.04 0.41 0.25
C20:1 1.3 1.0 1.3 1.1 0.1 0.80 0.36 0.82
C21:0 — — — — — — — —
C20:2 0.42 0.64 0.44 0.42 0.09 0.13 <0.01 0.34
C22:0 2.0 2.1 24 2.0 0.3 0.52 0.04 0.39
C20:3n-6 2.6 3.0 2.9 2.5 0.5 0.79 0.60 0.08
C20:3n-3 0.04 0.20 0.14 0.01 0.11 0.65 0.14 0.26
C22:1 1.00 0.85 0.51 0.88 0.22 0.23 0.80 0.09
C20:4 8.3 8.0 10.5 9.6 0.9 0.02 0.08 0.21
C23:0 0.10 0.17 0.18 0.10 0.04 0.79 0.94 0.15
C22:2 0.36 0.45 0.53 0.43 0.12 0.40 0.18 0.68
C20:5 1.05 1.07 0.99 1.35 0.15 0.43 0.63 0.49
C24:0 0.16 0.16 0.12 0.17 0.05 0.37 0.38 0.07
C24:1 1.8 2.7 3.3 2.8 0.8 0.19 0.92 0.03
C22:6 0.44 0.65 0.50 0.61 0.18 0.91 0.72 0.97
3 SFA 50.0 49.5 49.4 49. 1.4 0.84 0.94 0.24
> UFA 50.0 50.5 50.6 50.5 1.4 0.84 0.94 0.24
3 MUFA 26.4 26.2 24.7 25.6 1.0 0.20 0.59 0.03
¥ PUFA 23.6 24.3 25.8 24.9 1.7 0.33 0.91 0.02
¥ n-6° 21.2 21.1 23.6 22.3 1.6 0.20 0.79 <0.01
L n-3° 2.4 3.2 2.3 2.6 0.4 0.26 0.67 0.88
n-6:n-3 10.7 10.2 12.7 10.8 1.5 0.30 0.41 0.47
SFA:UFA 1.0 1.0 1.0 1.0 0.1 0.77 0.98 0.31

Largest SEM reported.

n-6 included C18:2 all trans-9,12, C18:2 all ¢is-9,12, C18:3n-6, C20:2, C20:3n-6, C20:4, and C22:2.

*n-3 included C18:3n-3, C20:3n-3, C20:5, and C22:6.
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immune response, activated macrophages secrete IL-
13 to elicit many cellular activities such as leukocyte
activation, increased ICAM expression, and synthesis
and release of other proinflammatory cytokines (e.g.,
TNF-a and IL-6; Netea et al., 2010). Decreased expres-
sion of IL-13 in treatment animals suggests a poten-
tially reduced immune response and increased risk for
diseases, such as mastitis and metritis.

A similar decrease in IL-13 production was ob-
served in human monocytes when diets were enriched
in C18:3n-3 (Caughey et al., 1996). Although differ-
ences in C18:3n-3 between treatment groups in the
PL fraction of PBMC were physiologically negligible,
PBMC expression of IL-13 may have been lower in
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treatment animals because of their higher concentra-
tion of C18:3n-3 present in the PL fraction of PBMC.
As reviewed by Calder (2005), monocytes and macro-
phages exposed to various n-3 had decreased ICAM,
IL-18, TNF-o, and IL-6 expression because of altered
eicosanoid metabolism (Chu et al., 1999; Wallace et
al., 2003; Miles et al., 2000), resulting in altered im-
mune response to pathogens. Although in the current
study no detectable treatment effects were observed for
ICAM, IL-18, IL-6 and TNF-a gene expression, the
relatively low concentrations of n-3 in the PL fraction of
PBMC might not have been sufficient to elicit a down-
regulated expression of proinflammatory mediators
tested. Alternatively, high concentrations of C20:4 in

Table 5. Least squares means of FAME (g/100 g) of the phospholipids fatty acid fraction of PMNL obtained from dairy cows [14 multiparous
(M) and 20 primiparous (P)] that received either the treatment of 10 kg of corn/head per day prepartum and were fasted for 8 h on d 3
postpartum (TRT) or control of 400 mg of monensin/head per day prepartum (CON) throughout the periparturient period

P-value

Fatty acid, g/100 g M P M P SEM! TRT TRT x time TRT x parity x time
C14:0 2.2 1.4 1.5 1.3 0.4 0.27 0.80 0.16
Cl14:1 0.37 0.31 0.24 0.27 0.06 0.09 0.38 0.40
C15:0 0.46 0.54 0.39 0.47 0.07 0.21 0.55 0.08
C15:1 — — — — — — — —
C16:0 20.4 19.8 18.2 17.8 1.1 0.04 0.79 0.19
C16:1 0.86 0.53 0.84 0.71 0.20 0.59 0.11 0.29
C17:0 0.64 0.72 0.63 0.73 0.04 0.90 0.62 0.18
C17:1 0.21 0.28 0.25 0.27 0.04 0.62 0.95 0.15
C18:0 19.3 19.8 21.2 19.5 1.0 0.32 0.24 0.28
C18:1 trans-9 2.0 1.8 1.5 1.6 0.2 0.09 0.20 0.10
C18:1 ¢is-9 19.7 174 15.8 15.7 1.3 0.02 0.18 0.12
C18:2 all trans-9,12 — — — — — — — —
C18:2 all ¢is-9,12 23.1 25.5 27.4 27.5 2.0 0.09 0.48 0.11
C18:3n-6 0.12 0.08 0.09 0.14 0.03 0.56 0.15 —
C20:0 0.32 0.31 0.33 0.34 0.04 0.52 0.34 0.54
C18:3n-3 1.6 1.1 1.1 1.7 0.5 0.89 0.60 0.46
C20:1 0.84 0.68 0.80 0.64 0.06 0.40 0.80 0.15
C21:0 0.30 0.21 0.19 0.20 0.13 0.52 0.54 0.08
C20:2 0.18 0.28 0.23 0.26 0.04 0.68 0.59 0.55
C22:0 1.4 1.4 1.9 1.6 0.2 0.02 0.01 0.07
C20:3n-6 0.53 0.52 0.71 0.58 0.14 0.29 0.33 0.23
C20:3n-3 0.47 0.22 0.31 0.44 0.14 0.78 0.31 0.53
C22:1 — — — — — — — —
C20:4 4.4 5.4 5.4 5.9 0.7 0.20 0.01 0.12
C23:0 0.01 0.02 0.01 0.07 0.01 0.10 0.03 <0.01
C22:2 0.12 0.24 0.19 0.22 0.07 0.68 0.64 0.20
C20:5 0.27 0.74 0.33 1.16 0.10 0.01 <0.01 <0.01
C24:0 0.06 0.11 0.06 0.05 0.02 0.15 0.16 0.51
C24:1 0.34 0.26 0.42 0.34 0.08 0.24 0.04 0.56
C22:6 0.14 0.38 0.14 0.49 0.06 0.32 0.31 —
> SFA 45.0 44.4 44.3 42.0 1.3 0.17 0.33 0.15
3 UFA 55.0 55.6 55.7 58.0 1.3 0.17 0.33 0.15
> MUFA 24.3 21.2 20.0 19.6 1.6 0.03 0.24 0.12
3 PUFA 30.7 34.4 35.8 38.5 2.6 0.05 0.24 0.21
¥ n-6 28.2 31.9 33.9 34.6 2.4 0.06 0.24 0.12
¥ n-3° 2.5 2.5 1.9 3.8 0.6 0.46 0.82 0.22
n-6:n-3 19.1 14.4 20.7 10.9 1.3 0.44 0.42 <0.01
SFA:UFA 0.87 0.82 0.82 0.74 0.04 0.10 0.29 —

Largest SEM reported.

n-6 included C18:2 all trans-9,12, C18:2 all ¢is-9,12, C18:3n-6, C20:2, C20:3n-6, C20:4, and C22:2.

*n-3 included C18:3n-3, C20:3n-3, C20:5, and C22:6.
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Figure 4. Least squares means (£SE) of C20:5 (g/100 g) and n-
6:n-3 profile of the phospholipids fraction of PMNL samples obtained
from periparturient dairy cows [14 multiparous (solid line) and 20
primiparous (dashed line)| that received either the treatment (open
circle; O) of 10 kg of corn/head per day prepartum and were fasted
for 8 h on d 3 postpartum or control (closed square; B) of 400 mg of
monensin/head per day prepartum.

the cellular PL fraction can be mobilized to synthesize
proinflammatory eicosanoids, such as prostaglandins,
cyclo-oxygenases, and leukotrienes. Greater eisocanoid
production, most notably leukotriene B4, is noted to in-
crease IL-1, IL-6, and TNF-a synthesis (Calder, 2005).
Greater concentrations of C20:4 in the PL fraction of
PBMC from control cows as well as increased concen-
trations of PL during the postpartum period (Bionaz
et al.,, 2007) may have influenced greater IL-1(3 gene
expression. Because IL-6 and TNF-a gene expression
were not affected by treatment, it remains difficult to
fully elucidate the effects of the n-6, proinflammatory
FA, and confounding effects of n-3 anti-inflammatory
FA.

In PMNL, no treatment effects were detected for
CASP, IL-8R, and SELL mRNA expression. Lack of
significant differences may relate to the relatively short
life span of PMNL of approximately 9 h (Carlson and
Kaneko, 1975) and the limited sampling in the current
study. Zhou et al. (2015) also observed minimal changes
in periparturient PMNL gene expression in Holstein
cows treated with a high-energy prepartum diet. In
comparison with the known effects of FA supplementa-
tion on inflammatory mediator production and mRNA
expression of PBMC, the effects are almost unknown
on PMNL. A similar pattern of altered production and
mRNA expression in PMNL would also be expected,
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but it was not observed in the current study. Scalia et
al. (2006) reported decreased viability and increased
necrosis in PMNL exposed to concentrations of NEFA
typically observed in periparturient dairy cows. The
physiological mechanism for these observations is not
well defined but likely involves altered cytokine produc-
tion, based on the findings of the current study. Further
research is needed to elucidate the effects of altered FA
composition on PMNL mRNA expression and protein
abundance of proinflammatory mediators.

Production Measures

Prepartum DMI differed between groups, with the
control group consuming less feed than the treatment
group (8.9 vs. 14.8 + 0.6 kg, P < 0.01). This difference
was also reflected in prepartum DMI as a percentage of
BW (1.60 vs. 2.55 £+ 0.04% for control and treatment,
respectively, P < 0.01). Although cows in the control
group had unexpectedly low prepartum feed intake,
no increase occurred in observed clinical symptoms of
metabolic disorders and disease as is typically observed.
Grummer et al. (2004) found similar averages for DMI
as primiparous and multiparous animals consumed 1.3
and 1.4%, respectively. Prepartum DMI also differed by
treatment across time (P = 0.01). Postpartum intake
did not vary between treatment groups. Although cows
fed restricted diets prepartum have been reported to
have greater DMI postpartum (Douglas et al., 2006;
Holcomb et al., 2001), this outcome was not observed in
the current experiment, possibly because of the limited
duration of the postpartum sampling period of only 3
wk as compared with other studies that continued for
at least 6 wk.

P<0.01

0 3 6 9 12 15 18 21
Time relative to parturition, d

Figure 5. Least squares means (+SE) of n-6:n-3 ratio in milk sam-
ples obtained from periparturient dairy cows [14 multiparous (solid
line) and 20 primiparous (dashed line)] that received either the treat-
ment (open circle; O) of 10 kg of corn/head per day prepartum and
were fasted for 8 h on d 3 postpartum or control (closed square; W) of
400 mg of monensin/head per day prepartum.
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Table 6. Least squares means of FAME (g/100 g) of milk obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)] that received
either the treatment of 10 kg of corn/head per day prepartum and were fasted for 8 h on d 3 postpartum (TRT) or control of 400 mg of
monensin/head per day prepartum (CON) throughout the periparturient period

TRT CON P-value

Fatty acid, g/100 g M P M P SEM' TRT TRT x time TRT X parity x time
C14:0 6.5 6.5 6.7 7.2 0.4 0.28 0.95 0.62
Cl14:1 0.71 0.63 0.61 0.67 0.05 0.47 0.82 0.76
C16:0 31.9 31.1 31.6 31.9 0.6 0.65 0.87 0.02
C16:1 2.4 1.7 2.1 1.6 0.1 0.06 0.27 0.56
C17:0 0.69 0.94 0.79 0.97 0.05 0.10 0.45 0.02
C17:1 0.42 0.51 0.46 0.50 0.04 0.58 0.81 0.15
C18:0 14.1 16.7 14.6 16.9 0.8 0.57 0.78 0.81
C18:1 trans-9 1.4 2.0 1.4 2.1 0.2 0.83 0.79 0.30
C18:1 ¢is-9 34.5 32.1 34.2 30.1 1.3 0.30 0.90 0.23
C18:2 all trans-9,12 — — — — — — — —
C18:2 all ¢is-9,12 3.0 2.7 2.9 2.4 0.1 0.03 <0.01 0.06
C18:3n-6 — — — — — — — —
C20:0 0.13 0.15 0.11 0.17 0.02 0.94 0.84 0.79
C18:3n-3 0.34 0.45 0.41 0.53 0.02 <0.01 <0.01 0.06
C20:1 0.43 0.52 0.40 0.53 0.03 0.67 0.82 0.04
(C20:3n-3 0.24 0.23 0.25 0.20 0.02 0.57 0.56 <0.01
C20:4 — — — — — — — —
C22:2 0.04 0.06 0.05 0.09 0.01 <0.01 0.21 0.65
C20:5 — — — — — — — —
C24:0 0.003 0.010 0.003 0.014 0.003 0.54 0.17 —
C24:1 0.03 0.03 0.02 0.02 0.01 0.47 0.55 0.88
C22:6 0.007 0.017 0.003 0.021 0.004 0.99 0.75 —
Y SFA 56.2 58.8 56.9 61.0 1.2 0.17 0.99 0.22
> UFA 43.7 41.1 43.0 38.9 1.2 0.18 0.89 0.22
¥, MUFA 39.9 37.4 39.1 35.4 1.3 0.22 0.89 0.21
> PUFA 3.8 3.7 3.8 3.5 0.1 0.32 0.03 —
% 1(1—6‘2 3.1 2.8 3.0 2.5 0.1 0.04 <0.01 0.08
¥ n-3* 0.58 0.70 0.66 0.76 0.03 0.01 0.44 —
n-6:n-3 5.5 4.2 4.8 3.5 0.2 <0.01 0.34 <0.01
SFA:UFA 1.4 1.5 1.4 1.7 0.1 0.22 0.84 —

"Largest SEM reported.
’n-6 included C18:2 all trans-9,12, C18:2 all ¢is-9,12, C18:3n-6, C20:2, C20:3n-6, C20:4, and C22:2.
*n-3 included C18:3n-3, C20:3n-3, C20:5, and C22:6.

Table 7. Fold change (Z’AACE) relative to d —28 of intracellular adhesion molecule (ICAM), IL-13, IL-6, and
tumor necrosis factor (TNF)-a of peri;ljheral blood mononuclear cells and caspase-1 (CASP), IL-8 receptor (IL-
8R), and L-selectin (SELL) of PMNL

Day
Gene —28 3 12 21 SEM? P-value, time
Mononuclear cells
ICAM 1.00 1.89 1.71 3.25 0.252 <0.001
1L-15 1.00 4.30 6.69 32.74 0.356 <0.001
IL-6 1.00 3.47 3.40 9.72 0.397 <0.001
TNF-« 1.00 1.21 1.12 4.18 0.264 <0.001
PMNL
CASP 1.00 0.79 0.62 0.47 0.189 <0.001
IL-8R 1.00 0.60 1.35 2.34 0.239 <0.001
SELL 1.00 0.73 0.79 2.06 0.14 <0.001

"Mononuclear cells and PMNL were obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)]
that received either the treatment of 10 kg of corn/head per day prepartum and were fasted for 8 h on d 3
postpartum (TRT) or control of 400 mg of monensin/head per day prepartum (CON) throughout the transi-
tion period.

*Largest SEM reported.
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Table 8. Least squares means of delta cycle threshold (Ct) values of intracellular adhesion molecule (ICAM),
IL-1f3, IL-6, and tumor necrosis factor (TNF)-a of peripheral blood mononuclear cells and caspase-1 (CASP),
IL-8 receptor (IL-8R), and L-selectin (SELL) of PMNL'

TRT CON
Gene M P M P SEM? P-value, TRT
Mononuclear cells
ICAM 8.4 7.3 8.7 7.2 0.4 0.91
IL-13 5.7 3.7 4.7 3.1 0.4 0.04
IL-6 13.6 11.8 13.3 11.5 0.6 0.55
TNF-« 4.8 3.6 4.3 3.5 0.4 0.39
PMNL
CASP 6.4 6.3 6.4 6.4 0.2 0.72
IL-8R —0.23 —0.64 0.43 —0.48 0.42 0.28
SELL 0.76 0.54 0.91 0.56 0.18 0.58

"Mononuclear cells and PMNL were obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)]
that received either the treatment of 10 kg of corn/head per day prepartum and were fasted for 8 h on d 3
postpartum (TRT) or control of 400 mg of monensin/head per day prepartum (CON) throughout the transi-

tion period.
Largest SEM reported.

Because of the high concentration of additional corn
in the treatment prepartum diet, animals may have
experienced subclinical ruminal acidosis (Plaizier et
al., 2008). Rumen pH was not sampled to confirm or
exclude the pathology; however, several mechanisms
were used to minimize possible effects. Forage in the
TMR was selectively longer, preventing some rapid car-
bohydrate fermentation. Feed was delivered twice daily
within 1-h scheduled time frames and pushed up to the
bunk at least an additional 2 times a day to encour-
age multiple smaller meals. The TMR had adequate
moisture content to help concentrates and long-fiber
forage stick together and prevent sorting. All pens had
adequate bunk space for the housed animals to prevent
meal competition and overeating.

Prepartal treatments did not alter the BW of treat-
ment groups during the periparturient period. As
expected, BW increased slightly prepartum, drasti-
cally decreased following parturition, and continued
to decrease across the postpartum sampling period.
Decreased BW at parturition is related to increased
mobilization of subcutaneous lipid stores to compen-
sate for negative energy balance caused by insufficient
energy intake and increasing milk production (Drack-
ley, 1999). As previously mentioned, lipid mobilization
likely influenced circulating C16:0, C18:0, and C18:1
concentrations primarily because the majority of the
FA profile of subcutaneous triglycerides consist of these
FA (Douglas et al., 2007). Desaturation and elongation
via liver enzymes can convert these circulating FA into
inflammatory agonists, such as C20:4 and C18:3n-3,
which can potentially influence the immune cell eico-
sanoid synthesis (Calder, 2005).

Milk composition varied slightly between treatment
groups. Protein, as a percentage of volume over time,
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was greater for treatment cows (P < 0.01). Total milk
fat yield varied by treatment x parity X time interac-
tion (P < 0.01). Holcomb et al. (2001) reported similar
results with cows fed a restricted prepartum diet pro-
ducing significantly less milk fat, similar to multiparous
control animals observed in the current study. Milk yield
did not vary between treatments; however, a treatment
effect across time and parity was detected for energy-
corrected milk (P = 0.04; Figure 6). Energy-corrected
milk yield mirrored that of milk fat yield. This finding
is not surprising, given the importance of milk fat yield
in calculating energy corrected milk (Dairy Records
Management Systems, 2013). Janovick and Drackley
(2010) speculated that the increased lipid mobilization
observed in cows fed an energy-dense prepartum diet
is a potential mechanism for increased milk fat per-
centage and therefore increased energy-corrected milk.
Significant differences are mostly influenced through
effects of parity and time. Primiparous animals produce
less quantities of milk than multiparous cows (Janovick
and Drackley, 2010), in addition to milk production
increasing during early lactation (Miller et al., 2006).

CONCLUSIONS

Parturition and initiation of lactation challenge all
dairy cows because nutrient supply cannot keep up
with nutrient demand, therefore requiring cows to mo-
bilize protein and lipid stores. High circulating NEFA
concentrations aid in fulfilling energy requirements
in high-producing dairy cows when supply is limited
from inadequate DMI. Cows with greater subcutaneous
adipose stores usually mobilize more adipose tissue and
have greater concentrations of NEFA as compared with
cows with lower adipose stores. These NEFA alter the
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Figure 6. Least squares means of ECM yield (kg/d), milk fat yield
(kg/d), and SCC of milk (x1,000/mL) samples obtained from peri-
parturient dairy cows [14 multiparous (solid line) and 20 primiparous
(dashed line)] that received either the treatment (open circle; O) of
10 kg of corn/head per day prepartum and were fasted for 8 h on d 3
postpartum or control (closed square; B) of 400 mg of monensin/head
per day prepartum.

physiology of the cow and are possibly a contributing
factor to the higher incidence of metabolic disorders
and infectious diseases often observed in cows with in-
creased fat stores. In the present study, a high-energy
prepartum diet and postpartum feed deprivation were
used in an attempt to increase subcutaneous fat stores
and lipid mobilization around parturition. This ap-
proach led to an altered physiological state compared
to a typical prepartum diet supplemented with monen-
sin to minimize lipid mobilization. Although relatively
low prepartum DMI was observed in control animals,
no subsequent increase occurred in metabolic disorders
and associated diseases during the postpartum period.
Several FA concentrations in milk and NEFA and PL
fractions in serum, PBMC, and PMNL varied because
of the high-energy prepartum treatment diet interacting
with time and parity. Many important n-3 and n-6 FA,
such as C20:5 (n-3) and C20:4 (n-6), which are known
to alter eicosanoid and cytokine production in immune
cells, varied by treatment and therefore, presumably
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altered PBMC and PMNL response. Gene expression
of several proinflammatory mediators that are indica-
tive of cell function did not vary by treatment, except
for decreased IL-1( expression in PBMC in treatment
animals. Given the relatively brief life span of these im-
mune cells, especially neutrophils in the PMNL fraction,
it is possible that effects were not observed because of
high cellular turnover in addition to the short sampling
period. Further research is needed to fully understand
the effects of changes to FA profile from excessive lipid
mobilization, as measured by circulating metabolites
and dietary manipulation, to influence subcutaneous
fat stores through analysis of other inflammatory me-
diators and greater sampling of immune cells to observe
physiological changes.
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