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Abstract
Dairy cows with greater subcutaneous fat stores release greater concentrations of
nonesterified fatty acids (NEFA) into the blood during the periparturient period. Large
quantities of circulating NEFA alter phospholipids (PL) fatty acid (FA) profile. Modified
cellular FA profile affects immune cell function. The objective of this study was to determine
the effect of elevated lipid mobilization during the periparturient period on serum, peripheral
blood mononuclear cells (PBMC), and polymorphonucleocytes (PMN) NEFA and PL fraction
and milk fatty acid (FA) profile, PBMC and PMN gene expression of selected markers of
inflammation and production measures. Thirty-four cows were blocked by parity; treatment
group received a high-energy prepartum ration. Control group received a normal-energy
ration and monensin. In summary, increased subcutaneous fat stores altered the FA profile of
serum, PBMC and PMN NEFA and PL fractions and milk as well as gene expression of

PBMC in periparturient dairy cows.
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CHAPTER 1
Literature Review

Introduction

Often considered a resting period between lactation cycles, the dry period for cows is
overlooked. In fact, cows experience fetal growth, mammary tissue remodeling and high
nutritional demands. Dairy cows are at greatest risk for infectious disease and metabolic
disorders during this transition period, typically defined as the three weeks pre- and
postpartum (Drackley, 1999), which can affect subsequent lactation performance. As milk is
the primary cash commodity, highly focused management is implemented at this time to
ensure optimal productivity and performance while minimizing potential health problems.

The primary challenge faced by dairy cows during the transition period is a substantial
increase in energy requirement when nutrient supply is inadequate from insufficient dry
matter intake (DMI). Bell (1995) demonstrated that consumed net energy and metabolizable
protein in healthy cows in 4 d postpartum only accounted for 65% and 75%, respectively, of
the total requirements. Furthermore, calculated net energy and metabolizable protein
utilization by the mammary gland accounted for 97% and 83%, respectively, of the amount
consumed and therefore leaving minimal left to supply maintenance requirements. A cow’s
adaptive response to this negative nutrient balance is lipid and protein mobilization of adipose
stores (Goff, 2006).

Lipids are stored in adipocytes in the form of triglycerides (TG) and released in the
form of nonesterified fatty acids (NEFA) by the action of hormone sensitive lipases
hydrolyzing the TG. The majority of NEFA are bound to albumin in circulation, but a small

portion of NEFA travel through circulation as unbound monomers in aqueous solution



(Katoh, 2001; Richieri and Kleinfeld, 1995). The fatty acids (FA) travel to the heart, skeletal
muscles, liver and other tissues for oxidation or conversion to other lipids (Douglas et al.,
2007). The liver uptakes the circulating NEFA to either oxidize to form ketone bodies,
completely oxidize for energy and carbon dioxide, or resterify for production of TG.
Ruminant livers are slow to export resterified TG in very low-density lipoproteins (Grummer,
1993). Fatty liver occurs when TG synthesis and storage exceed the rate of TG hydrolysis and
export. Slow accumulation of TG eventually disrupts liver function. During the transition
period, high producing dairy cows experience excessive lipid mobilization and high
circulating concentrations of NEFA that predispose them to fatty liver.

Fatty liver and ketosis are often considered to be related metabolic disorders. Kronfeld
(1982) described four different types of ketosis in dairy cows: primary and secondary from
underfeeding, alimentary and spontaneous. Primary ketosis occurs when a cow is not offered
enough acceptable feed, whereas secondary ketosis is related to a decrease in DMI associated
with another disease or disorder already present, such as a displaced abomasum. Alimentary
ketosis results from feeding fermented products that contain great concentrations of ketogenic
precursors, such as poorly fermented silage containing great amounts of butyric acids that are
metabolized into beta-hydroxybutyric acid (BHB). Spontaneous ketosis occurs when there is
elevated ketone concentrations even though the diet is nutritionally adequate. Susceptibility to
this type of ketosis is greatest during periods of high milk production as circulating glucose
and insulin decrease and plasma NEFA and BHB increase. Insufficient circulating glucose in
a dairy cow during lactation results from the high glucose demand of the mammary gland,
insufficient circulating concentrations, and suppressed intake leading to negative energy

balance. This glucose deficiency in turn causes decreased concentrations of insulin released



into the blood. Low circulating insulin promote lipolysis in adipocytes and release of NEFA
into circulation.

Zammit (1990) postulated that this period of ketosis can be separated into two phases.
The first phase is related to a decrease in insulin concentration that causes an increase in
malonyl-CoA and increased ketogenesis. The second phase is initiated by reduced feed intake
and decreased malonyl-CoA formations. Malonyl-CoA is produced by acetyl-CoA
carboxylase and acts as an intermediary for FA synthesis pathway. Concentrations of
malonyl-CoA are high when rates of lipogenesis are elevated via hormonal control. High
concentrations of malonyl-CoA inhibit carnintine palmitoyltransferase-1 (Bruss et al., 1986),
an essential protein for translocating FA from the cytosol to mitochondria for oxidation.
Decreased malonyl-CoA alleviates suppression of carnintine palmitoyltransferase-1 and FA
oxidation. Malonyl-CoA concentrations appear to be the critical regulator for controlling FA
partitioning to oxidation and esterification in ruminants (Grummer, 1993).

Mobilization of lipid stores into free FA decreases the quantity of the stores and
results in less subcutaneous fat and body weight losses. The degree of change over time in
both of these characteristics serve as a simple tool for herd management to assess the energy
status of the animal.

Body Condition Score

The most common non-invasive tool to monitor subcutaneous adipose stores in dairy
cows is a visually assessed body condition score (BCS), with high scores for over-conditioned
cows and low scores for emaciated cows. The scale used in the United States for dairy cows
scores body condition from 1 to 5 with 0.25 unit increments (Wildman et al., 1982). Scales

and increments vary by country and regions from 5-units of the United Kingdom to 10-units



scales in New Zealand (Roche et al., 2009). Although body condition score is subject to
observers’ opinions, experience and training, it Serves as a better assessment of adipose stores
over body weight (BW) measurement alone as it does not account for parity, stage of lactation
and gestation, frame size and breed (Berry et al., 2006). Changes in BW are further masked in
early lactation by increasing dry matter intake (DMI), and therefore do not serve as reliable
markers for changes in adipose stores (NRC, 2001).

Body condition score profiles typically resemble that of inverted milk lactation curves
(Roche et al., 2009). Lowest BCS occurs shortly after peak milk production, 40 to 100 days in
milk (DIM), and peak just before parturition (Roche et al., 2006). During the first 60 DIM,
marked with increased lipid mobilization, typical changes in BCS range from 0.5 to 1.0 unit
(Wildman et al., 1982). This can result in 385 Mcal of NE. released from body energy stores
if a cow weighing 600 kg lost one BCS unit, from 4 at parturition to a 3 (NRC, 2001).

Ideally, BCS during the dry period should range from 2.75 to 3.0 and between 3.0 and
3.25 at calving for near ideal lactation performance and not compromise health and welfare
(Edmondson et al., 1989). When scores fall below these ranges, there is a significant decrease
in milk production and increased risk to the welfare of the animal (Roche et al., 2009). Cows
that go through parturition with BCS greater than the suggested range by Edmondson and
colleagues (1982) will have compromised lactation performances in addition to decreased
DMI and increased risk of disease and metabolic disorders. Cows fed to be over-conditioned
at parturition had two- to threefold more liver lipid within 1 wk of parturition than those fed
for normal or thin body condition (Fronk et al., 1980). Excess liver lipid predisposes these

over-conditioned cows to fatty liver and subsequent diseases and metabolic disorders, such as



ketosis (Correa et al., 1990), displaced abomasum (Cameron et al., 1998), and hypocalcemia
(Andrews et al., 1991).

Improved nutritional management and grouping strategies are often implemented by
farmers to ensure optimal calving BCS with the most common strategy being the creation of
two dry cow groups managed separately: far-off (60 to 21 d prepartum) and close-up (21 d
prepartum to parturition). Manipulation of BCS in prepartum cow involves changes in DMI
and NE_ intake with expected excess of estimated requirements increasing BCS and shortages
resulting in loss of BCS during the far-off period. Interestingly, Douglas et al. (2006) found
that excess and restricted intake prepartum diets resulted in similar postpartum BCS nadirs at
4 to 6 weeks after parturition. Janovick and associates (2010) reported similar results among
primiparous cows; however, multiparous cows fed excess prepartum energy diets lost more
BCS postpartum than cows fed normal or energy restricted diets. Therefore, initial prepartum
BCS at dry-off has some role on postpartum BCS in regard to parity of the animal.

In summary, records of body condition and weight during the periparturient period can
be useful for accessing overall energy status and disease-risk of an animal. Ideally, cows
should be monitored throughout this critical period to ensure proper transition into lactation
for maximum production and welfare of the animal. The significant factors that result in
changes to BCS and BW are feed intake and energy density of the diet.

Dry Matter Intake

During the periparturient period, DMI is one of the critical factors that will determine
the success of overall milk production and disease incidence. During the transition from non-
lactating to lactating, cows undergo a brief period of decreased DMI. Feed intake is the most

compromised during the days prior to and after calving. On average, DMI decreases by 30%



one to two days prior to calving and does not recover until one to two days after calving
(Bertics et al., 1992). The decline in DMI begins long before this. Typically, observed
declines occur in the last few weeks before parturition. Dry matter intake can begin to decline
because of pregnancy as early as 16 weeks prior to parturition in both multiparous and
primiparous cows with primiparous showing a steeper decline as compared with that of
multiparous (Ingvartsen et al., 1997). Primiparous and multiparous cows consume
approximately 1.7% and 2.0% of their BW in dry matter during the last 60 days before
parturition. This declines to an average of 1.3% and 1.4% on the final days for primiparous
and multiparous, respectively (Grummer et al. 2004). A decreased DMI as a percentage of
BW for primiparous cows as compared with multiparous cows seems counterintuitive as
primiparous have greater energy demands for growth in addition to sustaining pregnancy,
maintenance, and initiation of lactation. Parity has a considerable effect on DMI as
multiparous cows have substantially greater intake in contrast to primiparous cows. Two year
old primiparous cows have roughly 80% the intake capacity of multiparous cows (Jarrige,
1986).

The physiological mechanisms behind the severe decline in DMI immediately before
parturition are not fully understood. One suggestion is physical compression of the rumen by
the uterus as the fetus grows in addition to increasing abdominal fat (Lagerlof, 1929).
Coppock and colleagues (1974) observed that DMI decline in late pregnancy is further
accentuated by including a high proportion of concentrate as compared to low proportions of
concentrate in the diet, suggesting that physical compression is not the only known factor
limiting intake in prepartum dairy cows. After parturition, the abdominal cavity loses mass

and gains volume once more from the expulsion of fetus, fetal membranes, and amniotic fluid.



This in turn should theoretically allow for a rapid increase in DMI; however, this is not what
is typically observed as increases in DMI are relatively slow in comparison to rising milk
production (Ingvartsen et al., 1999). This suggests that physical compression plays a smaller
role in late pregnancy DMI decline in comparison to endocrine and metabolic changes.

Another suggestion involves the changes in blood concentration of steroid
reproductive hormones, specifically estrogen, during the prepartal period. Injecting estrogen
has shown to depress DMI in lactating dairy cows (Grummer et al., 1990). However, initiation
of DMI decline occurs before the peak in circulating estrogen preceding parturition. It is
likely that there are multiple factors playing a role in DMI decline that require further
research, such as fat mass, blood metabolites, corticosteroids, leptin, insulin, cytokines and
neuropeptides (Ingvartsen et al., 2000)

After calving, DMI begins to increase in response to increased energy and protein
requirements from milk production. The rate of incline and overall quantity of DMI peaks
vary considerably between cows. Typically, DMI will peak between one and three weeks after
peak milk production. However, this can vary with peak DMI not occurring until 22 weeks
postpartum (Ingvartsen et al., 2000). These differences can be attributed to parity, lactation
diet, prepartum diet, diet energy density and degree of over-conditioning of the cow during
the periparturient period.

Prepartal intake heavily influences postpartum lactation performance and DMI in
dairy cows. Nutritional strategies attempt to promote increasing appetites after parturition that
result in rapid increases in DMI to modulate lipid mobilization and hepatic TG accumulation.
Cows with a restricted prepartum intake (80% of NEL requirement) had greater DMI and NE_

intake postpartum than cows fed ad libitum (160% of NE. requirement) prepartum (Douglas



et al., 2006). Grummer et al. (2004) showed similar results with diets high in energy having
an increased effect on the degree of prepartal DMI decline as compared with diets low in
energy density. Primiparous cows fed high and low energy density rations experience similar
though significantly steeper declines in DMI as compared to multiparous cows (Ingvartsen et
al., 1997). The physiological mechanisms are not well understood, but do point to the effects
of slightly lower BCS or chronic loss of BCS as potential effectors. The best suggested
predictor for postpartum DMI may be changes in prepartum DMI instead of absolute
prepartum DMI.

Interestingly, Minor et al. (1998) reported that cows fed a prepartum diet high (44%)
in non-fiber carbohydrates (NFC) had significantly greater DMI and NE. compared to cows
fed a typical diet of 24% NFC. The higher NFC diet resulted in positive energy balance
during the last few weeks of gestation. This was reflected in lower prepartum serum NEFA
and BHB concentrations as well as decreased postpartum hepatic TG concentrations.
Postpartum NEFA concentrations did not differ and BHB concentrations were lower in cows
fed the high NFC diet. This suggests that cows fed a typical, prepartum diet accumulated TG
before parturition, consequently creating fatty liver disease and predisposing them to ketosis.

In contrast, restricted energy intake in prepartum cows led to decreased postpartum
lipid mobilization and almost half the total liver lipid and TG concentrations as compared to
cows fed excessive energy diets during the prepartum period (Douglas et al., 2006). Although
the physiological mechanisms are not well understood, Rukkwamsuk et al. (1998) and
Drackley (1999) suggested that alterations in hepatic metabolism from constant high
concentrations of blood NEFA adapted the liver to better contend with increasing postpartum

blood NEFA concentrations and therefore allowed cows with the restricted energy, prepartum



diet to not accumulate as high hepatic lipid concentrations as cows fed excessive energy,
prepartum diets.

Dry matter intake patterns are influenced by health status. Once in a diseased state,
whether clinical or subclinical, DMI will decline. This appears counterintuitive as the nutrient
needs of the animal increase to fuel increased body temperature, metabolism and repair tissue
breakdown, yet DMI decreases, especially in periparturient cows. Increased incidences of
metabolic disorders, such as fatty liver and ketosis soon follow as the cow enters into negative
energy balance and subsequent lipid mobilization that overwhelm the liver’s metabolic
activities and cause hepatic TG accumulation.

Further acerbation of fatty liver and ketosis can create greater susceptibility to other
diseases and metabolic disorders. Retrospective analysis of prepartum DMI in cows
experiencing one or more metabolic disorders found that DMI during the final 27-days prior
to parturition decline from 1.8% to 0.9% of body weight as compared to a decline of 1.8% to
1.2% for cows that did not experience any postpartum metabolic disorders (Zamet et al.,
1979). This indicates that cows with a greater prepartal DMI decline are more predisposed to
contracting postpartum metabolic disorders.

lonophores

Several factors alter prepartum and postpartum DMI that can ultimately lead to
negative energy balance and increased disease incidence. lonophoric agents, such as
monensin and lasolacid, are antibiotics widely used in commercial animal feed operations to
alter rumen microflora to prevent disease and improve feed and ultimately production
efficiency. Monensin can form complexes with monovalent cations, such as sodium and
potassium, and transport them across cellular lipid membranes, causing disruption in sodium-

potassium balance and pH within the cell. This leads to disruption of critical cellular



10

processes and cellular death (Russell, 1987). Gram-positive bacteria have less complex outer
cell membranes than gram-negative bacteria. lonophores, therefore, selectively inhibit Gram-
positive bacteria (Bergen and Bates, 1984).

Monensin exerts its effects in three major areas of metabolism: energy, nitrogen and
general digestive effects, including reduction in bloat and lactic acidosis. Shifting rumen
microflora results in altered volatile fatty acid production with increased propionic acid and
reduced acetic and butyric acids (Richardson et al., 1976). Increased propionic acid improves
gluconenogenesis (Schelling, 1984) and is beneficial to lactating cows as inclusion of
monensin in peripartal diets is reported to improve energy balance by reducing lipid
mobilization and subsequent NEFA concentrations as well as BHB synthesis. This decreases
the overall incidence of subclinical ketosis (Duffield et al., 2008a).

In addition to impacting overall health, monensin affects overall milk production and
efficiency. In a meta-analysis of the impact of monensin on production outcomes in dairy
cows, Duffield and associates (2008b) reported that monensin increased milk yield by 0.7 kg
and decreased milk fat and protein percentage by 0.13% and 0.03%, respectively. In addition,
monensin significantly decreased DMI by 0.3 kg, therefore improved milk efficiency by
approximately 2.5%. These effects on milk production and efficiency were not consistent
among studies. The authors suggested that dietary factors, monensin dose and genetic merit
may have contributed to the high variability observed.

In summary, ionophores play an important role in altering rumen microflora and
metabolism for increased milk production efficiency and favorable health benefits, such as

decreased incidence of ketosis, bloat and lactic acidosis. Although monensin is classified as
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an antibiotic, its primary effects do not extend beyond the rumen and do little to aid the
immune response of the cow against foreign pathogens.
Immune Response

Improved nutrition and management can reduce the incidence of disease and
metabolic disorders in the periparturient dairy cow. However, susceptibility to infectious
disease is dependent upon the integrity of the immune system. During the periparturient
period, it is well documented that several components of the immune system are altered,
including neutrophil function, lymphocyte responsiveness to mitogen stimulation, distribution
of cell populations, and cytokine production by immune cells.

Polymorphonucleocytes

Polymorphonucleocytes (PMN) are circulating blood cells with multiple nuclei, such
as neutrophils and eosinophils. Lactating Holstein cows have a large pool of over 100 billion
circulating, mature PMN present (Paape et al., 1979). In comparison to other animal species
where PMN comprise the majority of leuckocytes in the blood, bovine PMN account for only
25% of the total circulating leukocytes (Jain, 1986) and have a relatively short half-life of
approximately 9 hours (Carlson and Kaneko, 1975).

Concentrations of PMN in total circulating leukocytes are not static. During an
inflammatory challenge, PMN account for up to 60% of leukocytes in circulation (Paape et
al., 1974). Kimura and associates (1999) reported a similar increase in PMN numbers shortly
before parturition that decreased soon thereafter. It is well documented that dairy cows
experience PMN dysfunction during the periparturient period (Paape et al., 2003). The
mechanisms behind the immunosuppression remain however debatable with metabolites and

hormones influencing the inflammatory reaction. The pattern of change in PMN profile
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around calving suggests that a compensatory mechanism may exist because of lower
phagocytic capacity of PMN during this period (Ingvartsen et al., 2003). Sander et al. (2011)
however provided evidence that PMN phagocytic activity after parturition is not always lower
than that prepartum.

Migration of PMN into infected tissue serves as a very important and primary line of
defense against invading pathogens. Potent toxins released from bacteria activate nearby
macrophages and endothelial cells near the infection site to secrete cytokines, such as
interleukin (IL)-8, that recruit PMN to serve as phagocytes (Kettritz et al., 1998). Upon
activation, various inhibitory factors begin to alter PMN morphology that ultimately decrease
their effectiveness to battle the infection. In vitro exposure to high concentrations of NEFA
similar to those observed in dairy cows experiencing negative energy balance shortly after
parturition significantly decreased PMN viability and phagocytosis while increasing necrosis
(Scalia et al., 2006). Milk PMN are less effective phagocytes than blood PMN from exposure
to milk fat globules and casein micelles as these must be phagocytized to prevent PMN
damage (Paape et al., 2003). Large quantities of globules stored in phagosomes reduce the
quantity of plasma membrane available for formation of pseudopodia necessary for trapping
and engulfing bacteria as well as available lysosomes fuse with phagosomes containing fat
and casein globules instead of phagosomes containing bacteria (Paape and Guidry, 1977).

As PMN phagocytose and destroy pathogens, PMN release chemicals that not only kill
the invading pathogens, but also damage the surrounding tissues. To minimize damage, PMN
undergo apoptosis, programmed cellular death. The life span of PMN is ultimately determined
by the onset of apoptosis. Some cytokines, such as IL-8 and tumor necrosis factor-o. (TNFa),

increase PMN life span by delaying apoptosis onset (Kettritz et al., 1998). Nearby
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macrophages will engulf apoptotic PMN to minimize the release of PMN granular contents
that could damage nearby tissues (Cox et al., 1995).

Interleukin-8 receptor (IL-8R) is a G-protein coupled receptor found on the PMN
cellular surface that binds free IL-8. There are two types of IL-8R: CXCR1 and CXCR2. Both
are expressed on PMN and monocytes (Thomas et al., 1991). Endothelial cells and
macrophages near sites of infection release 1L-8 to function as a chemotactic factor to recruit
circulating PMN to the infected site as well as induce production of reactive oxidative species
(Bergin et al., 2010). Expression of IL-8R decreases soon after parturition possibly impairing
chemotaxis of PMN to inflammatory sites (Seo et al., 2013). In contrast, IL-8 cytokine
expression in bovine PMN increased at parturition (Madesen et al., 2004), suggesting that
upregulation of 1L-8 may not be associated with upregulation of its functional receptor in
PMN.

In order to gain access to infected tissue and communicate with other cells in the body,
PMN possess a diverse array of cell surface receptors. L-selectin (SELL) is a cell adhesion
molecule on the surface of bovine PMN that binds to ligands present on endothelial cells to
slow PMN trafficking and facilitate entry into the infected tissue (Wang et al., 1997).
McClenahan and associates (2000) found PMN exposed to IL-8 caused proteolytic shedding
of SELL, thus decreasing PMN adhesion to inflamed tissue and diapedesis. Similarly around
the time of parturition, SELL is shed from the surface of bovine PMN (Lee and Kehrli, 1998),
indicating that PMN function during this period is compromised and could lead to
immunosuppression. Cows treated with dexamethasone and cortisol had decreased SELL
expression in milk PMN and increased susceptibility to bacterial infection following

experimental mastitis challenge (Burton and Kehrli, 1995). Similar decreases in SELL
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expression in circulating PMN have been reported in cows in the first few days following
parturition (Berning et al., 1993; Seo et al., 2013). This indicates that bovine PMN have the
capacity to alter SELL expression in response to changes in plasma glucocorticoid
concentrations.

Caspase-1 (CASP1) is a rate-limiting, IL converting enzyme that cleaves precursor
proteins from the pro-inflammatory cytokine IL-13 to make it an active peptide. Activation of
CASP1 depends on inflammasomes that are members of the NOD-like receptor family,
intracellular sensors associated with cell stress (Martinon and Tschopp, 2004). During periods
of inflammation and exposure to infectious pathogens, IL-1f production by neutrophils,
macrophages, monocytes and other immune cells activates other nearby phagocytes, increases
diapedesis of effector cells into the site of infection, and causes release of toxic oxygen and
nitrogen radicals as well as pro-inflammatory cytokines (Netea et al., 2010). Similar to IL-8,
IL-1B production by PMN decreases with exposure to glucocorticoids (Burton and Erskine,
2003). Supplementation with OmniGen-AF in sheep immunosuppressed by glucocorticoids
resulted in restoration of IL-1 concentrations (Wang et al., 2007) and increased CASP1 gene
expression (Wang et al., 2008) suggesting that increased CASP1 expression is associated with
increased IL-1p production in PMN.

In summary, PMN function as the primary defense against infection by foreign
pathogens. During the periparturient period, PMN chemotaxis, diapedesis, phagocytosis and
cytokine production is altered, leading to the possibility of an immunosuppressed state.
However, PMN are not the only defense against invading pathogens as other immune cells
present, such as macrophages and lymphocytes, provide a more specialized and longer lasting

defense.
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Peripheral Blood Mononuclear Cells

Peripheral blood mononuclear cells (PMBC) are blood cells that have a round nucleus.
This includes macrophages, dendritic cells and lymphocytes (T cells, B cells, and natural
killer cells). Macrophages represent the dominant cell type in milk and mammary glands in
healthy, lactating cows (Sordillo et al., 2002). During bacterial infections, macrophages can
serve as a part of either the innate or acquired immune responses. Similar to PMN, a function
of macrophages is to destroy pathogens through phagocytosis, proteases and reactive oxygen
species. Phagocytic rate in macrophages can be increased in the presence of opsonic
antibodies (Miller et al., 1988). In the mammary gland, macrophage numbers tend to decrease
during periods of inflammation and possess less phagocytic abilities in comparison to
neutrophils (Niemialtowski et al., 1988).

A large, horseshoe-shaped nucleus in macrophages makes migration between
endothelial cells difficult in comparison to PMN migration. Thus, PMN are the first, newly
migrated phagocytic cells to arrive at the site of infection (Paape et al., 2003). This suggests
that the ability of macrophages to secrete cytokines, prostaglandins and leukotrienes to
facilitate migration and bactericidal activities of neutrophils as well as augment local
inflammatory processes are of greater importance compared with macrophage nonspecific
defense as a phagocyte (Kehrli et al., 1999). Macrophages also play a role in the development
of specific immune response through antigen processing and presentation via MHC 11
complex to lymphocytes (Fitzpatrick et al., 1992). During the periparturient period, serum
macrophage numbers tend to increase prepartum and peak around parturition (Contreras et al.,
2010). Phagocytic capacity of these cells is however significantly decreased, possibly because

of a lower opsonic activity (Sordillo et al., 2002). Expression of MHC Il in macrophages is
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decreased during this period, which could contribute to poor antigen presentation and a
weaker response from lymphocytes (Fitzpatrick et al., 1992).

In comparison to macrophages, lymphocytes deliver a much slower, yet highly
specialized attack against invading pathogens. Lymphocytes are able to recognize pathogens
through membrane receptors that communicate with antigen presenting cells to define the
specificity, diversity, memory and recognition of self versus non-self. Lymphocytes can be
divided into two subsets: T and B lymphocytes. The T lymphocytes are classified further to
CD4+ and CD8+ T cells and T helper cells. The CD4+ T cells, also known as T helper cells,
aid in B cell maturation and activation of macrophages and CD8+ T cells through cytokine
production. The CD8+ T cells (T cytotoxic cells) target and destroy virus-infected cells.

Predominant T cell subsets vary by tissue, stage of lactation, disease state, and species.
In healthy bovine, human and porcine mammary glands, CD8+ T lymphocytes are the
primary phenotype in contrast to peripheral blood where CD4+ is the most prominent cell
type (Asai et al., 1998; Wagstrom et al., 2000). Caprine mammary glands have primarily the
CDA4+ phenotype throughout lactation (Ismail et al., 1996). Coinciding with parturition and
initiation of lactation, peripheral T cell populations, relative to total PBMC, begin to decrease
approximately one week before parturition and recover to prepartal levels shortly thereafter
(Contreras et al., 2010). During mastitis, CD4+ T lymphocytes prevail and are activated by
antigen presenting cells with the MHC class Il complex, such as macrophages and B cells.
Cytokines released by these cells mediate whether the T helper cell response will be cell-
mediated or humoral. Interleukin-2 and interferon-y are major cytokines produced during a
cell-mediated response, whereas IL-4, IL-5 and IL-10 dominate a humoral response (Brown et

al., 1998).
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The immunological role of B lymphocytes is very different from macrophages,
neutrophils and T lymphocytes. During an immune response, B lymphocytes produce massive
amounts of cytokines against invading pathogens. Unlike macrophages and neutrophils, B cell
rely on specialized cell surface receptors to recognize specific pathogens. Similar to
macrophages, B lymphocytes function as antigen presenting cells to present antigen properties
via MHC class 1l molecules to T helper lymphocytes. After presentation, T lymphocytes
produce IL-2 to induce B lymphocyte proliferation and differentiation into plasma cells for
more antibody production or memory cells. Unlike macrophage and T lymphocytes, the
percentage of B cells remains fairly constant during lactation stages in cattle (Shafer-Weaver
et al., 1996).

Of the many cytokines produced by the various cell subsets of PBMC, IL-1p, IL-6,
intracellular adhesion molecule-1 (ICAM) and tumor necrosis factor-a (TNF-a) serve
important roles. Pro-inflammatory cytokines IL-1p, IL-6 and TNF-a have been linked to the
pathology of acute mastitis during early lactation (Oviedo-Boyso et al., 2007). Bacteria are
recognized by specific pattern recognition receptors on the cell surface of neutrophils,
monocytes and macrophages. This initiates signaling pathways that lead to the release of pro-
inflammatory cytokines TNF-a and IL-1p. Stimulation of toll-like receptors activates the
NF«B pathway to stimulate and secrete TNF-a (Bryant et al., 2010). Interleukin-1f also
requires stimulation via toll-like receptors of immune cells to secrete the IL-1p procytokine
that requires cleavage by CASP1 (Bryant and Fitzgerald, 2009). Both TNF-a and IL-13
stimulate macrophage and neutrophil phagocytosis of bacteria and production of toxic oxygen
and nitrogen intermediates (Butterfield et al., 2006). Expression of TNF-a from isolated

PBMC is greatest during the periparturient period compared with mid and late lactation
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(Sordillo et al., 1995). During the peripartal period, bovine mammary endothelial cells had
significantly increased expression of TNF-a approximately one week before calving as
compared to 4-5 weeks pre- and postpartum (Aitken et al., 2009). Increased circulating TNF-a
and IL-1pB concentrations during this period may be a contributing factor to suppressed DMI
as injections of TNF-a (Bernstein et al., 1991) and IL-1p (Langhans et al., 1993) in rodents
reduced intake. In cattle, TNF-a injections had little impact on DMI, but did affect eating
behavior (Bielefeldt et al., 1989). Authors speculate these changes in ruminants may in part be
because of TNF-a mediated inhibition of rumen motility (Van-Miert et al., 1992).

Interleukin 6 is a cytokine that influences several tissues and PBMC in the early stages
of inflammation and immune responses and is produced by various cells of different origin,
such as monocytes-macrophages, epithelial cells, fibroblasts, T and B lymphocytes, and
endothelial cells (Ruef and Coleman, 1990). Secretions of IL-6 can have either pro- and anti-
inflammatory effects that enhance or limit the immune response (Jones, 2005). Initially
following IL-1p and TNF-a, IL-6 secretions attract neutrophils to the site of infection.
Proteolytic processing of 1L-6 receptor from invading neutrophils drives IL-6 trans-signaling
in the surrounding tissue, leading to a switch from neutrophil to monocyte recruitment by
suppressing neutrophil-attracting and enhancing monocyte-attracting chemokines (Scheller et
al., 2011). Moreover, adhesion molecules, such as ICAM, on endothelial cells are upregulated
by IL-6 trans-signaling and therefore enhance leukocyte transmigration (Kaplanski et al.,
2003).

Besides its role in leukocytes, IL-6 plays a crucial role in influencing T and B cell
lymphocytes. Interleukin-6 is necessary for T cell recruitment and has been shown to rescue T

cells from entering apoptosis (McLoughlin et al., 2005; Jones, 2005). After T cell activation
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by antigen presenting cells, the T-helper cell precursor is heavily influenced by IL-6 and leads
to increased differentiation into T-helper cell type 2 and 17 (Diehl and Rincon, 2002). With B
lymphocytes, IL-6 plays an important role in supporting B cell differentiation and maturation
(Clogsten et al., 1989).

Large concentrations of 1L-6 in circulation can arise from several sources of
inflammation. Following exposure to an in vivo inflammatory challenge, similar to those
found in the periparturient period, bovine and human subcutaneous adipose tissue produced a
significant IL-6 response (Fried et al., 1998; Mukesh et al., 2010). Another possible source is
the placenta, which has the ability to produce cytokines throughout its lifespan (Hauguel-de
Mouzon and Guerre-Millo, 2006). Bovine with Johne’s Disease, a chronic inflammatory
bowel disease, have macrophages that upregulate expression of the IL-6 gene (Coussens et al.,
2004).

Interleukin-6 plays a crucial homeostatic role in hepatocytes during inflammation and
ketosis by exerting important effects on metabolic and energy production pathways. Induced
ketosis in postpartum cows resulted in increased expression of 1L-6 (Loor et al., 2007). This
appears to play a central role in the impairment of normal liver function in transition cows.
The extent of inflammatory response can be characterized by the liver functionality index,
which takes into consideration the concentrations of circulating albumin, cholesterol and
bilirubin (negative acute phase response proteins; Bertoni et al., 2006). Early lactation cows
with low liver index are considered in a state of high inflammatory response and cows with
high liver index having a low inflammatory response. Circulating IL-6 concentrations were
greater in cows with increased inflammation, as determined by liver index, at d 3 and 21

postpartum with the greatest difference reached at d 28. Lowest concentrations of IL-6 were
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present in cows with low and high inflammation around time of parturition (Trevisi et al.,
2012).

The ICAM is an immunoglobulin- like cell adhesion molecule that is expressed by
several cell types including leukocytes, hepatocytes, and epithelial and endothelial cells. The
binding and cell-to-cell interaction of endothelial ICAM to leukocyte lymphocyte function-
associated antigen-1 is essential for migration of leukocytes into pathogen-infected tissues
(van de Stolpe and van der Saag, 1996). In T lymphocytes, ICAM serves as a co-stimulatory
molecule on antigen presenting cells to activate MHC class Il T cells (Zuckerman et al.,
1998). Pro-inflammatory cytokines IL-1p and TNF-a along with other inflammatory
mediators, such as oxidant stresses, retinoic acid and viral infection, upregulate ICAM
expression (Shrikant et al., 1994; van de Stolpe and van der Saag, 1996). Over expression of
ICAM can however lead to pathologic, pro-inflammatory circumstances (Sordillo et al.,
2008). During the periparturient period, bovine mammary endothelial cells had a significantly
increased expression of ICAM approximately one week before calving as compared to 2-3
weeks pre- and postpartum (Aitken et al., 2009).

In summary, PBMC include several cell types with diverse functions and responses to
immunological challenges. Macrophages serve primarily as intermediates between innate and
adaptive immune responses by functioning as antigen-presenting cells and cytokine producers
that mediate lymphocyte cell activation, differentiation and maturation. The T and B
lymphocytes operate as highly specialized and pathogen-specific immune effector cells.
Cytokines and cellular surface molecules produced by immune cells and surrounding tissue

are essential for intra- and intercellular communication. Many require FA as a part of their
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activated structure. Changes to quantity and types of available FA in circulation are reported
to alter cytokine production and ultimately affect cellular communication and function.
Fatty Acids

Fatty acids are long hydrocarbon chains with a carboxyl group at one end and a methyl
group at the other. The most abundant FA have an even number of carbons and can vary from
2 to 30 or more carbons. Saturated fatty acids (SFA) are straight chains and do not contain
carbon-carbon double bonds. Unsaturated fatty acids (UFA) contain one or more double
bonds, giving the overall structure of the FA a kinked-appearance. A FA containing two or
more double bonds is called a polyunsaturated fatty acid (PUFA).

Saturated fatty acids typically have names based upon the source from which they
were originally isolated. Unsaturated fatty acids are named by identifying the number of
double bonds and the position of the first double bond from the methyl-terminus. For
instance, linoleic acid (C18:2) is the simplest member of omega-6 family (n6). After
desaturation by A6-desaturase, C18:2 yields a-linolenic acid (C18:3n3), the simplest member
of omega-3 (n3) family. Mammals lack the desaturase enzymes necessary to synthesize
C18:2n6 and C18:3n3 acids (Calder, 2005). Further desaturation and elongation of C18:2n6
can yield y-linolenic acid (C18:3n6), dihomo-y-linolenic acid (C20:3n6) and arachidonic acid
(C20:4n6). Similar enzymes used to metabolize the n6 family can convert C18:3n3 into
eicosapentaenoic acid (C20:5n3), docosapentaenoic acid (C22:5n3) and docosahexaenoic acid
(C22:6n3). Metabolic enzymes are shared by both n6 and n3 metabolic pathways, therefore
leading to competition between families for synthesis of products. In mammals, the

desaturation and elongation occur primarily in the liver (Calder, 2005).
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Plant seed oils, such as canola, sunflower, cottonseed and soybean, have FA profiles
rich in UFA, especially oleic acid (C18:1) and C18:2. Sunflower oil typically is >70% of
C18:2, whereas canola oil is approximately 60% C18:1 (McKevith, 2005). Saturated fatty
acids are found in high concentrations in animal products, such as tallow or lard, with palmitic
acid (C16:0) and stearic acid (C18:0) having the greatest concentrations (Mitchaothai et al.,
2007). Supplementing these different types of FA does not necessarily guarantee that they
will be absorbed and available for metabolism as rumen microbes can reduce
(biohydrogenate) UFA into SFA. The main FA substrates for biohydrogenation in dairy cows
is C18:3n3 from grasses and other forages, and C18:2 from dietary lipid supplements
(Lourenco et al., 2010). End-products from biohydrogenation include unsaturated
intermediates conjugated linoleic acid (cis-9, trans-11 C18:2) and C18:1, and fully-saturated
C18:0 (Chilliard et al., 2007).

Status of FA in ruminants varies because of dietary supply and FA profile, and degree
of rumen biohydrogenation for absorption post ruminally (Glasser et al., 2008b). Given the
altering effects of biohydrogenation on FA composition of lipid feed supplements, one would
assume the only method of enriching UFA content would require the FA to be encapsulated or
ruminally protected for adequate absorption. Simply increasing the dietary intake of UFA,
especially PUFA however enhances PUFA content in milk and tissue (Dewhurst et al., 2006).
Milk and tissue respond to PUFA supplementation with enriched n3 and n6 concentrations
similar to that in nonruminant PUFA supplementation (Bilby et al., 2006). In fact, dietary
strategies that involve altering the FA composition of the diet often combine bypass, excess

FA quantities and manipulation of biohydrogenating bacteria (Lourenco et al., 2010). These
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dietary and metabolized FA serve as the primary substrates in NEFA and phospholipids (PL)
structure.
Nonesterified Fatty Acids

As previously mentioned, NEFA are free fatty acids released from hydrolyzed
triglycerides stored in adipocytes during periods of energy shortage. Normal NEFA
concentrations for cows in positive energy balance are less than 0.2 mEq / L. During the
close-up period, concentrations typically range between 0.5 and 1.0 mEq / L until the week
prior to parturition. Two to three days prior to parturition, concentrations will begin to
increase and peak at 0.8 to 1.2 mEq / L after parturition (Drackley, 1999). These high
concentrations, greater than 0.5 mEq / L, are detected for weeks after parturition and are
indicative that the cows are experiencing intense lipid mobilization to compensate for
negative energy balance and may be suffering from subclinical and clinical ketosis
(Veenhuizen et al., 1991, Busato et al., 2002). By six weeks after parturition, plasma NEFA
concentrations return to normal levels below 0.2 mEq / L (Drackley, 1999).

Dairy cows fed an energy-restricted, prepartum diet had greater concentrations of
circulating NEFA prepartum until one week before parturition as compared with cows fed ad-
libitum during the same period (Douglas et al., 2006). This is to be expected as greater rates
of lipid mobilization were required to support energy needs and resulted in a sustained loss of
BCS throughout the prepartum period. After parturition, cows fed ad-libitum had greater
sustained NEFA concentrations, reflecting the decreased DMI for cows fed an energy dense
diet in addition to decreasing BCS and excess lipid mobilization (Grummer et al., 2004).
Concentrations of plasma NEFA were greater in the 2 weeks prior to and post-calving in

Holstein cows with high inflammatory response compared with cows with low inflammatory
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response, as determined by liver function index. Peak concentrations of 1.1 mmol/L was
observed around d 3 postpartum (Trevisi et al., 2012). These higher concentrations of
circulating NEFA have been associated with increased risk for development of metabolic
disorders such as fatty liver and ketosis (Bobe et al., 2004).

Nonesterified fatty acids primarily consist of C16:0, C18:0 and C18:1 (Douglas et al.,
2007). These FA remain the most prominent during the periparturient period (Contreras et al.,
2010), early lactation (Watts et al., 2013), and late lactation (Tyburczy et al., 2008). Though
used primarily for cellular energy synthesis through B-oxidation, they are also essential for
milk fat synthesis and maintaining milk fluidity (Loften et al., 2014). Most of C16:0, C18:0
and C18:1 originate from dietary sources with an additional proportion coming from rumen
microbial biohydrogenation of UFA into C18:0 primarily, C16:0 secondary and some
intermediate UFA that exit the rumen before completion (Glasser et al., 2008a).
Phospholipids

Phospholipids (PL) are a class of lipid that generally consists of a hydrophobic tail and
hydrophilic head that typically contain a diglyceride, glycerol molecule, and phosphate group.
Given their structure, PL serve as the major component of cellular membranes contributing to
the physical and functional properties of these membranes. Although essential for structure of
the cell and organelles within the cell, PL constitute a relatively small fraction of total lipids
within the cell and the overall distribution of lipid in circulation and tissue (Spector and
Yorek, 1985). The FA composition of the PL fraction consist primarily of the common C16:0,
C18:0 and C18:1, similar to NEFA. In contrast to the FA distribution in other fractions, there

is a much greater percentage of UFA, particularly PUFA, relative to total lipid in PL with
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greater concentrations of C20:4, C20:5 and C22:6 than those reported in NEFA or TG
(Contreras et al., 2010; Watts et al., 2013).

Alterations to FA in PL can result in changes to the membrane and its many functions,
such as physical properties (membrane fluidity and protein raft structure), cell signaling
pathways (extra- and intracellular), and alteration in the pattern of lipid mediators (Calder,
2008). Changes to cellular signaling results in altered transcription factor activation and
modified gene expression. As PL provide substrates for synthesis of potent pro- and anti-
inflammatory mediators, such as eicosanoids, variation to PL results in significant changes to
inflammation and the immune response.

Inflammation

Certain fatty acids are highly linked to inflammation because a family of inflammatory
mediators, called eicosanoids, are synthesized by removing 20-carbon PUFA from PL in the
cellular membrane. Typically, the FA profile of inflammatory cells producing eicosanoids
contain a high proportion of n6, mostly C20:4, and low proportions of n3 PUFA (Calder,
2001). Eicosanoids include prostaglandins (PG), thromboxanes (TX), leukotrienes (LT) and
hydroxyeicosatetraenoic (HETE) acids. Various phospholipase enzymes mobilize C20:4 from
cell membranes to act as a substrate for the enzymes that synthesize eicosanoids. Cylco-
oxygenase (COX) enzymes produce PG and TX. Metabolism of 5-lipoxygenase (LOX)
enzymes synthesize HETE derivaties and 4-series LT. When inflammatory conditions are
present, there are increased production rates of C20:4-derived eicosanoids (Calder, 2005).
This leads to increased concentrations of eicosanoids in circulation and tissue.

Increased consumption of n3 PUFA results in increased proportion of these FA in

circulation and in inflammatory cell phospholipids. Surprisingly, the proportion of C20:4
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decreases when n3 increases in the PL fraction (Calder et al., 1990). Incorporation of
increased supplemented amounts of n3 PUFA, specifically C20:5 and C22:6, into cellular
membranes decrease the arachidonic acid content because of inhibition of arachidonic acid
metabolism by n3 PUFAs and thus increasing available C18:2 (Peterson et al., 1998). As there
is less C20:4 available, eicosanoid production, specifically derived from this FA, decreases in
inflammatory cells (Calder et al., 2005). Instead, C20:5, acts as substrate for COX and LOX
synthesis that result in the production of a different family of eicosanoids that are reported to
be less potent pro-inflammatory mediators than those derived from C20:4 (Sperling et al.,
1993; Lee et al., 1984). Anti-inflammatory mediators in the form of resolvins can also be
synthesized from increased intake of C20:5 and C22:6 (Serhan et al., 2000; Hong et al.,
2003).

Although incorporation of n3 PUFA into cells alters C20:4 metabolism and elicits
anti-inflammatory effects, n3 have a number of other anti-inflammatory effects in modifying
immune cell response. Contreras et al. (2010) and Watts et al. (2013) observed that increases
in specific FA in plasma NEFA and PL fraction are reflected by changes in FA profile of
PBMC. It is unclear to what extent immune cells synthesize these FA or uptake them from
circulating lipoproteins to incorporate them into the membrane as immune cells likely obtain
membrane PL from both sources (Calder, 2005). Cell culture studies with human
macrophages demonstrated that additions of C20:5 and C22:6 inhibited IL-1p and TNF-a
production in monocytes (Chu et al., 1999) and IL-6 and IL-8 production in endothelial cells
(De Caterina et al., 1994). When supplemented in feed, rodent macrophage’s production of
IL-1pB, IL-6 and TNF-a significantly decreased. Similar results were reported in healthy

humans that supplemented their diet with fish oils (Wallace et al., 2003). In addition to altered
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cytokine production, ICAM-1 surface expression on murine macrophages decreased because
of C20:5 and C22:6 supplementation (Miles et al., 2000). Caprine PMN cultured in C20:5 and
C22:6 showed increased phagocytosis and decreased production of reactive oxygen species
(Pisani et al., 2009). Culturing cells in n3 PUFA is reported to exert anti-inflammatory effects
through altered gene expression. Human chondrocytes cultured in C20:5 and C22:6 had
decreased expression of TNF-a and IL-1p (46). Mice fed diets high in fish oil had decreased
TNF-a, IL-13 and ICAM mRNA expression in macrophages (48 33 43).

In summary, FA serve as important components for energy, membrane structure and
synthesis of pro- and anti-inflammatory mediators. Alteration to FA composition through diet
supplementation and lipid mobilization has far reaching effects in overall FA composition of
various fractions of tissue, circulation and cells as well as downstream cellular metabolism
and gene expression. This is particularly important in immune cell response as altered FA
profiles can disrupt cell responsiveness and overall effectiveness when fighting against an

infection.
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Hypothesis

Over-conditioned cows will have different serum FA profiles than under-conditioned
cows. This altered profile will effect FA profiles of circulating PBMC and PMN as well as
their gene expression of select markers of inflammation.

Objectives

The first objective of the present research study was to investigate the effects of
subcutaneous fat stores, as assessed by BCS around parturition, and the subsequent lipid
mobilization during early lactation on FA profile of serum NEFA and PL fractions and
productive performance. The second objective was to determine the effects of elevated lipid
mobilization from prepartum dietary manipulation on NEFA and PL fractions in serum,
PBMC and PMN and milk FA profile as well as PBMC and PMN gene expression of pro-

inflammatory mediators.
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CHAPTER 2
Effects of Subcutaneous Fat Stores on Serum Phospholipids and Nonesterified Fatty

Acid Lipid Fractions in Periparturient Dairy Cows

Abstract

Negative energy balance in early lactating dairy cows results in a massive release of
fatty acids (FA) into the blood in nonesterified (NEFA) form. Large quantities of circulating
NEFA may alter the serum FA profile of phospholipids (PL) fraction, which is responsible for
cellular plasma membrane integrity and intercellular signaling. The objective of this study
was to determine the effects of subcutaneous fat stores, as assessed by body condition score
(BCS) on a scale of 1 to 5, around the time of calving and the subsequent lipomobilization on
FA profile of serum NEFA and PL lipid fractions, and on productive performance. Based on
BCS, cows were retrospectively dichotomized into two groups: over-conditioned (BCS >
3.25) and control (BCS < 3.0). Twenty-two cows had serum samples obtained at -28, -7, +8,
+18, and +28 d relative to parturition and analyzed for the FA profile of the NEFA and PL
fractions. As expected, over-conditioned cows had greater total plasma NEFA concentrations
and decreased dry matter intake. Milk yield and composition did not differ between groups.
More importantly however, several FA in the NEFA fraction of plasma lipids varied
significantly, including C14:1, C16:0, C18:0 and C20:3n3. In the PL fraction, other FA varied
significantly by BCS around time of parturition, including C16:0, C17:0, total C18:2 cis, and
C20:2. In summary, BCS did affect FA profile of serum NEFA and PL lipid fractions. This
may have drastic consequences for circulating immune cells and their ability to fight infection

by altering their FA profile.
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Introduction

Cows entering the periparturient period experience negative energy balance related to
energy requirements associated with lactation. This results in mobilization of adipose tissues
in the form of free fatty acids (FA). Fatty acids are transported through the blood in various
lipid fractions including neutral lipids (NL), nonesterified fatty acids (NEFA) and
phospholipids (PL). Circulating lipoproteins carry NL and PL and are made available to cells
by lipoprotein lipases (Tall, 1995). The majority of NEFA are bound to albumin in
circulation, but a small portion of NEFA travels through circulation as unbound monomers in
aqueous solution (Richieri and Kleinfeld, 1995).

Lipomobilization is an adaptive response by cows to an energy shortage. This creates
a large flux in the concentration of plasma lipids and corresponding fractions, leading to a
shift in FA composition in various lipid fractions (Douglas et al., 2007). Changing FA profiles
no longer reflect the shifts originating from diet. Moreover, total FA composition of plasma
lipids does not reflect the FA composition of the fractions because the FA distribution among
lipid fractions differs. Neutral lipids, such as triglycerides and cholesterol esters, provide
substrates for lipid metabolism and energy. Phospholipids provide substrates for synthesis of
potent pro- and anti-inflammatory mediators, such as eicosanoids and platelet-activating
factors (Henneberry et al., 2002). Nonesterified fatty acids from lipomobilization is involved
in modifying intracellular signaling processes and energy substrates.

Nonesterifed fatty acids consist primarily of palmitic, stearic and oleic acids. This may
directly reflect the FA composition of stored adipose tissue. During the periparturient period,
plasma lipids contain high concentrations of these saturated FA (Douglas et al., 2007).

Previous studies involving periparturient dairy cows have shown that elevated NEFA from
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lipomobilization alters immune cell function and population (Lacetera et al., 2004; Scalia et
al., 2006). The structure of plasma lipids was also reflected in the FA profile of the PL
fraction of peripheral mononuclear cells with increased concentrations of saturated FA and
reduced concentration of polyunsaturated fatty acids (Contreras et al., 2010).

The most common non-invasive tool to monitor subcutaneous fat stores is body
condition score (BCS), with high scores for over-conditioned cows and low scores for
emaciated cows. During the first 60 days postpartum, marked with increased lipomobilization,
typical observed changes in BCS range from 0.5 to 1.0 unit, based on the five-point scale
(Wildman et al., 1982). This can result in 385 Mcal of net energy for lactation (NEL) released
from body energy stores if a cow weighing 600 kg lost one BCS unit, from 4 at calving to 3
(National Research Council, 2001).

It is hypothesized that cows with a greater BCS around the time of calving would have
a decreased dry matter intake (DMI) and different serum FA composition of NEFA and PL
fractions as compared with those in cows with a lesser BCS. The objective of the study was to
determine the effects of subcutaneous fat stores, as assessed by BCS around the time of
calving, and the subsequent lipomobilization during early lactation on FA profile of serum
NEFA and PL fractions and productive performance.

Materials and Methods
Animals, Treatments and Experimental Design

A total of 22 (10 primiparous and 12 multiparous) healthy, Holstein dairy cows were
monitored from -28 d through +28 d, relative to parturition (0 d). Cows were housed in tie-
stalls with free choice water and fed ad-libitum twice daily to ensure 5% to 10% refused feed.
Cows were fed individually and intake was recorded daily. Prepartum, cows were fed a total

mixed ration with the following ingredients: grass hay, alfalfa hay, canola meal, rolled corn,



32

rolled barley, dried distiller’s grain and a mineral/vitamin pre-mix and contained 16.0% crude
protein, 30.0% acid detergent fiber, 45.0% neutral detergent fiber, 3.1% crude fat, and 1.4
Mcal/kg NEL (on a dry matter basis). Postpartum cows were fed a total mixed ration
consisting of triticale silage and sodium bicarbonate in addition to the ingredients of the
prepartum ration, and contained 19.4% crude protein, 24.1% acid detergent fiber, 37.5%
neutral detergent fiber, 4.0% crude fat, and 1.6 Mcal/kg NEL. Cows were milked twice daily
at 06:00 h and 18:00 h in a double-4 herringbone parlor by a single milker with milk yields
recorded daily. Cows were assessed for BCS on -28 d, between -5 d to -7 d, and then +8, +18,
and +28 d relative to calving by two trained observers and averaged. The BCS recorded
between -7 d to -5 d before calving was used to retrospectively dichotomize cows into two
groups: HIGH with BCS > 3.25 and LOW with BCS < 3.0. All procedures involving animals
were approved by the University of Idaho Animal Care and Use Committee.
Sample Collection

Blood samples were obtained on -28 d and -7 d relative to expected calving and +8 d,
+18 d and +28 d postpartum. Approximately 7-10 mL of blood was collected via coccygeal
venipuncture into serum BD Vacutainers (Becton, Dickson 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). Milk was collected on 7, 14, 21 and 28 d postpartum at both
milkings on the sample day and pooled in proportion to the yield at each milking. Fifteen mL
of milk was stored at -20 °C before being analyzed for fat, true protein, lactose, solids-not-fat,

and somatic cell count by near infrared analysis (Washington DHIA, Burlington, WA).
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Lipid Analysis

As previously described by Watts et al. (2013), the lipid fraction was extracted from
the serum via a modified protocol (Clark et al., 1982) of the Folch method (Folch et al.,
1957). The lipids were fractionated through silica-based, solid bonded phase Sep-Pak
aminopropyl (NH2) cartridges (Waters Corporation, Milford, MA) to yield three fractions:
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 were methylated using a two-step procedure (Kramer et
al., 1997), in which the lipid sample incubated in 0.5 M sodium methoxide for 10 min in a 50
°C water bath before adding 5% methanolic hydrochloric acid and incubating for 10 min in an
80 °C water bath. Potassium carbonate and hexane were added before centrifugation at 350 x
g for 5 min. Fatty acid methyl esters were analyzed with an Agilent 7890A gas
chromatograph equipped with an Agilent J&W HP-88 column (100 m x 0.250 mm x 0.20 um
film; Agilent Technologies, Santa Clara, CA) in a modified 45 min method [10]. Peaks were
identified using a Supelco® 37 Component FAME Mix (Sigma-Aldrich, St. Louis, MO).

Serum Nonesterified Fatty Acids

Total serum NEFA concentrations were determined colorimetrically using the NEFA-
HR-2 kit (Wako, Richmond, VA) following the manufacturer’s protocol. Samples, standards
and blanks were run in duplicate.
Data Analysis

Response variables were analyzed as repeated measures using the MIXED model
procedure (Version 9.2, SAS Institute Inc., Cary, NC). Sources of variation in the model

included effects of treatment, day, and treatment x time interaction. Cow was designated as a
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random effect in the model. Significant effects were declared P < 0.05. Data are presented as
least square means (LSM) + standard errors of the mean (SEM).
Results and Discussion
Nonesterified Fatty Acid

Total serum NEFA concentrations varied by treatment (0.96 vs. 0.68 = 0.06 mEq/L; P
=0.005) and time (P < 0.0001). Both treatments remained at similar concentrations through
the prepartum period but varied significantly after parturition at 8 d and 18 d with the HIGH
treatment having a greater concentration than the LOW treatment (Fig. 1.1). By 28 d
postpartum, concentrations returned to those observed in the prepartum period for both
treatments. These results are in agreement with concentrations observed in cows with high
and low liver lipid concentrations observed by Weber et al. (2013). LOW group overall serum
NEFA concentrations concurred with concentrations reported by others (Douglas et al., 2007;
Contreras et al., 2010).

The FA composition of the NEFA fraction differed by treatment for C14:1 (0.48 vs.
0.39 £ 0.04 ¢g/100 g; P = 0.08) and C18:0 (21.2 vs. 24.7 + 0.09 g/100 g; P = 0.004) as C14:1
concentration tended to increase in LOW as compared with HIGH treatment, whereas C18:0
significantly increased in HIGH. The C14:1 is uncommon and present only in minute amounts
of the overall FA profile of serum. The C18:0 mean values in the present study were greater
than those reported by Douglas et al. (2007) and lower than those from Watts et al. (2013) and
Contreras et al. (2010), likely due to diet influence on circulating FA and their effects on
stored lipids. Overall higher C18:0 concentrations in LOW are likely from increased DMI as
opposed to differences in lipid mobilization. The FA of greatest concentration for HIGH was

total C18:1 cis (22.0 g/100 g), C18:0 (21.2 g/100 g), and C16:0 (19.6 g/100 g); whereas in
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LOW, the same FA was observed at different concentrations: C18:0 (24.7 g/100 g), C16:0
(20.4 g/100 g) and total C18:1 cis (19.2 g/100 g).

Several FA varied significantly through the periparturient period as shown in Table
1.1. The primary FA of C16:0 and total C18:1 cis concentrations increased around time of
parturition and remained at high concentrations through the postpartum period as compared
with those observed prepartum. The C16:0 concentrations over the periparturient period
followed a similar trend to those reported by Contreras et al. (Contreras et al., 2010).
However, C18:1 trends varied as Contreras observed greatest C18:1 concentrations at
parturition in contrast to the present study’s peak occurring around d 18 postpartum. These
differences may be attributed to the lipid profile of the diets.
Phospholipids

Phospholipids constitute a fraction of the serum lipids used primarily for cell-to-cell
communications and lipid bi-layers, and function as mediators of inflammation. The serum
PL fraction differed by treatment for several FA, where C16:0 (22.4 vs. 19.7 £ 1.0 g/100 g; P
=0.08) and sum of C18:2 cis (28.7 vs. 26.0 £ 1.1 g/100 g; P = 0.08) tended to increase in
LOW as compared with HIGH cows. Conversely, C17:0 (0.51 vs. 0.81 £ 0.08 g/100 g; P =
0.02) decreased and C20:2n6 (0.38 vs. 1.2 £ 0.3 g/100 g; P = 0.06) tended to decrease in
LOW as compared to HIGH treatments. Overall higher concentrations of C16:0 and total
C18:2 cis in HIGH are likely from increased lipid mobilization and metabolism of NEFA
from lipid body stores. This possibly created higher concentrations of the FA available in
circulation and thus available for PL synthesis rather than using the FA from the diet and de
novo synthesis. The C17:0 and C20:2n6 FA acted primarily as intermediates during

elongation of long chain FA and were found here in similar concentration to those reported by
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Watts et al. (2013). The FA C20:2n6 is a naturally occurring polyunsaturated fatty acid found
typically in small concentrations in animal tissues that serves as an intermediate for C20:4n6
(arachidonic acid) and C18:2n6 (linoleic acid), known pro-inflammatory mediators. Huang et
al. (2011) reported altered cellular macrophage phospholipids profiles in a dose-dependent
manner from C20:2n6 supplementation that ultimately affected macrophage responsiveness in
inflammatory stimulation. This suggests that circulating FA profiles can alter immune cell
phospholipids FA profile and thus affect overall response to immune challenges.

Several FA of the serum PL fraction differed over time as reported in Table 1.2. The
C16:0 increased around time of parturition and remained at higher concentrations postpartum
than those observed prepartum. This trend was similar to the C16:0 concentrations examined
in the serum NEFA fraction as observed by Contreras et al. (2010). Conversely, C18:0
decreased in concentration around time of parturition. This does not reflect the trend of serum
NEFA fraction C18:0 concentrations. Therefore, the decrease in the serum C18:0 PL fraction
is likely from decreased dietary intake of the FA. The sum of C18:1 cis increased in
postpartum relative to prepartum concentrations (P = 0.001). The C20:3n3 FA decreased
significantly until +8 d and then returned to similar concentrations observed prepartum.
Production

Prepartum DMI differed by treatment and tended to differ due to a treatment x time
interaction (P = 0.09) with LOW consuming more than HIGH, as reported in Fig. 1.2.
Postpartum DMI tended to differ with LOW again consuming more than HIGH (P = 0.09;
Table 1.3). This concurs with the general understanding that cows with greater BCS around
time of parturition will consume less dry matter than lower conditioned cows (Brooster et al.,

1998; Roche et al., 2008). Average BCS between treatments was greater for HIGH than LOW
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by design (3.17 vs. 3.02 £ 0.04; P = 0.006). Milk composition, somatic cell count, and yield
did not differ by treatment (Table 1.3).
Conclusions

Lipid mobilization affects all lactating dairy cows as they go through the periparturient
period. During this time period, cows with greater BCS mobilize more lipid than cows with
lower BCS. Small changes in prepartum BCS altered the FA profile of serum NEFA and PL
fractions during the periparturient period in the present study. Some FA profile changes are to
be expected as predominant FA in the circulating NEFA fraction provide energy to meet the
energy deficit caused by the onset of lactation and insufficient DMI. In the present study,
C18:0 was greater in LOW as compared to HIGH, whereas C14:1 was greater in HIGH as
compared to LOW. However, changes in the FA profile of the PL fraction could have greater
consequences as PL provide substrates for synthesis of potent pro- and anti-inflammatory
mediators and therefore can alter immune cell responsiveness. The C17:0 and C20:2n6
concentrations were greater in LOW with comparison to HIGH, whereas C16:0 and C18:2 cis
were greater in HIGH as compared with LOW. Several of these FA in the NEFA and PL
fractions changed through the periparturient period. These results support the hypothesis that
cows with increased subcutaneous fat stores around time of parturition have different
circulating NEFA and PL fatty acid profiles and consume less dry matter than cows with
decreased subcutaneous fat. Further research is needed to understand the direct effects of
these fat stores on the change in FA profile of circulating NEFA and PL fractions and

consequently on immune cell FA profiles and their responsiveness to pathogens.
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CHAPTER 3

The Effects of Elevated Subcutaneous Fat Stores on Fatty Acid Composition and Gene
Expression of Pro-Inflammatory Markers in Periparturient Dairy Cows

Abstract

Periparturient dairy cows with increased subcutaneous lipid stores release greater
concentrations of nonesterified fatty acids (NEFA) into circulation around parturition.
Phospholipids (PL) are essential for maintaining cellular plasma membrane integrity,
lipoprotein synthesis and intercellular signaling through lipid mediators. Large quantities of
circulating NEFA are shown to alter circulating PL fatty acid (FA) profile. Modified cellular
FA profile affects immune cell function. The objective of this study was to determine the
effect of elevated lipid mobilization during the periparturient period on serum, peripheral
blood mononuclear cells (PBMC), polymorphonucleocytes (PMN) NEFA and PL fraction and
milk fatty acid (FA) profile, PBMC and PMN gene expression of selected markers of
inflammation and production measures. Thirty-four cows were blocked by parity; treatment
group received a dry cow ration with an additional 10 kg of corn / head per day starting -28 d
relative to parturition. The control group received the dry cow ration (no additional corn) with
400 mg of monensin / head per day. Data were analyzed as repeated measures analysis of
variance using mixed model procedures in SAS (9.3) and significance was declared at P <
0.05. Serum NEFA concentration of C20:4n6 tended to be greater in treatment compared with
that of control (1.12 vs 0.86 £ 0.11%; P = 0.06). Within the serum PL fraction, C20:4, C20:5,
total n3, and n6:n3 ratio varied significantly across treatment, parity, and time. Total n6:n3
was greater for treatment animals prepartum and multiparous cows postpartum.

Concentrations of C20:4 and total n6 FA were greater in the PL fraction of PBMC from cows
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that received the treatment, high-energy diet prepartum. However, gene expression for IL-13
in PBMC was greater for control, whereas ICAM-1, IL-1, IL-6, and TNF-a were greater in
primiparous than multiparous cows, without a detectable treatment effect. Also, no detectable
treatment effect was observed in PMN gene expression for IL-8R, SELL, and CASP. In
summary, high energy prepartal diets altered FA profile in serum, milk, PBMC and PMN
lipids; however, there was little effect on gene expression of pro-inflammatory mediators.
Further research is needed to understand the mechanisms of FA profile on immune cell
function.

Introduction

The dry period for cows is often overlooked, when in fact it is a critical time for fetal
growth, mammary tissue remodeling and high nutritional demands as animals’ transition into
lactation. The primary challenge faced by cows during this periparturient period is the
substantial increase in nutrient requirements when supply is inadequate from insufficient dry
matter intake (DMI). To compensate for this negative nutrient balance, cows will mobilize
lipid and protein 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. The majority
of lipids are stored in adipocytes in the form of triglycerides and released into circulation as
NEFA. These fatty acids (FA) travel through circulation bound to albumin to the heart,
skeletal muscle, liver and other tissues for -oxidation or conversion to other lipids (Richieri
and Kleinfeld, 1995). During the transition period, high producing dairy cows experience lipid

mobilization and elevated circulating concentrations of NEFA. This can overwhelm and
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disrupt liver function, leading to fatty liver disorder, ketosis and other metabolic disorders
(Rukkwamsuk et al., 1999).

Phospholipids are a small fraction of lipid that serve primarily as a component of cell
membrane structure, lipoprotein structure and precursors for synthesis of bioactive pro- and
anti-inflammatory mediators, such as eicosanoids and platelet-activating factors (Henneberry
et al., 2002). Altering the FA profile of PL may alter eicosanoid metabolism and synthesis of
inflammatory mediators. For example, supplementation of omega-3 fatty acids (n3) in the diet
increases n3 concentrations in PL fraction and alters the eicosanoid metabolism to produce
less potent pro-inflammatory mediators, more anti-inflammatory mediators, and reduce
cytokine production in immune cells (Calder, 2005). Immune cell’s function and population
distributions are also altered by the elevated NEFA concentration from excessive lipid
mobilization (Lacetera et al., 2004; Scalia et al., 2006).

The most common non-invasive tool to monitor mobilization of lipids from
subcutaneous stores in dairy cows is a visually assessed body condition score (BCS). The
scale used in the United States for dairy cows ranges from 1 (emaciated) to 5 (obese) with
0.25 unit increments (Wildman et al., 1982). In a previous study, Scholte et al. (2014)
observed that cows with a BCS > 3.25 at d -7 relative to parturition had significantly greater
concentrations of circulating NEFA postpartum and altered FA profiles in circulating NEFA
and PL fractions compared with cows with a BCS < 3.0. This suggests that cows with greater
prepartum BCS mobilize more lipid. These excessive NEFA concentrations could potentially
put cows at increased risk for metabolic disorders and infectious diseases resulting from

altered immune cells’ functions and sub-populations.
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The objective of this study was to determine the effects of prepartum dietary
manipulation to increase subcutaneous lipid stores and elevate periparturient lipid
mobilization on serum and peripheral blood mononuclear cells (PBMC) and
polymorphonuclear (PMN) FA profile in NEFA and PL fractions as well as PBMC and PMN
gene expression of pro-inflammatory cytokines and adhesion molecules.

Materials and Methods
Animals, Treatments and Experimental Design

A total of 34 (14 primiparous and 20 multiparous) healthy, Holstein dairy cows were
included in the experiment from -28 d through +21 d, relative to parturition (0 d). Cows were
blocked by parity and assigned to one of two groups administered prepartum: treatment and
control. All multiparous cows received 0.23 kg / hd of SoyChlor (West Central, Ralston, 1A)
starting d -14 through parturition to help maintain desired dietary cation-anion balance.
Control animals received the basal dry cow ration with 400 mg of Monensin / hd per day in
0.23 kg of corn to minimize lipid mobilization (Table 3.1). Treatment animals received the
basal dry cow ration with an additional 10 kg of dry, cracked corn / hd per day and were
fasted for 8 h on d +3 postpartum to increase lipid mobilization.

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 with the following ingredients: grass, alfalfa
hay, triticale silage, oat and pea silage, cracked corn, dry rolled barley, liquid mineral/vitamin
pre-mix (Performix Nutrition Systems, Caldwell, ID), and salt (Table 2.1). Postpartum, cows

were fed a total mixed ration consisting of dry distillers grains with solubles, calcium soaps of
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fatty acids (EnerGllI; Virtus Nutrition, Corcoran, CA), canola meal, sodium bicarbonate in
addition to the ingredients of the prepartum ration. Nutrient analysis of the basal rations using
near-infrared analysis is shown in Table 3.3. Cows were milked 3X daily at 0600, 1400 and
2200 h in a double-4 herringbone parlor by a single milker with milk yields recorded daily.
Energy corrected milk was calculated using the following equation: 0.327 x milk yield kg +
12.95 x fat yield kg + 7.65 x protein yield kg (Dairy Record Management Systems, 2013).
Cows were assessed for body condition score (BCS; Wildman et al., 1982) and body weights
(BW) on d -28 and -7 relative to predicted parturition, and then +3, +12, and +21 d after
parturition by two trained observers and averaged values were used. Change in BCS and BW
between d -28 and +21 (relative to parturition) were calculated separately for prepartum (d -
28 to -7) and postpartum (d +3 to +21) and recorded as ABCS and ABW. 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 relative to expected calving and d +1,
+3, +6, +15 and +21 postpartum. Approximately 7-10 mL of blood was collected via
coccygeal venipuncture into serum BD Vacutainers (Becton, Dickson 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, +3, +12, and +21, relative to
calving for peripheral blood mononuclear cells (PBMC) and polymorphonucleocytes (PMN)
isolation. Approximately 50 mL of blood was collected via jugular venipuncture and 100 uL

of >180 USP units of sodium heparin (Sigma Aldrich, St. Louis, MO) were added. After
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centrifugation (740 x g at 10°C for 10 min), plasma was removed and red blood cells were
lysed with sterile water for 20 sec before adding 2.5 mL of sterile 10% NaCl solution to stop
lysis. The PBMC and PMN were isolated by gradient centrifugation using Histopaque 1077
and 1119 (Sigma Aldrich, St. Louis, MO). Isolated PBMC and PMN were washed in Hank’s
Balanced Salt Solution (HBSS; Sigma Aldrich, St. Louis, MO) then re-suspended in HBSS.
Cell suspensions were aliquoted into 2 tubes and stored at -80°C for RNA and fatty acid
analysis, respectively.

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

Lipid Analysis

The lipid was extracted from the feed, serum, milk, PBMC and PMN via a modified
protocol (Clark et al., 1982) of the Folch method (Folch et al., 1957). Briefly, 38 mL of
chloroform: methanol (2:1) was added to the sample. The solution was vacuumed through #1
Whatman paper and 7.2 mL of 0.58% NaCl was added. After centrifugation and removal of
the upper aqueous layer by aspiration, the chloroform extract was dried under light nitrogen
stream to determine total lipid recovery. The serum, PBMC and PMN lipids were fractionated
through silica-based, solid bonded phase Sep-Pak aminopropyl (NH2) cartridges (Waters
Corporation, Milford, MA) to yield three fractions: neutral lipid (NL), nonesterified fatty
acids (NEFA), and phospholipids (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
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methanol (Kalunzy et al., 1985). The NEFA and PL fractions of serum, PBMC and PMN
along with extracted milk lipids were methylated using a two-step procedure (Kramer et al.,
1997), in which the lipid sample was incubated in 0.5 M sodium methoxide for 10 min in a 50
°C water bath before adding 5% methanolic hydrochloric acid and incubating for 10 min in an
80 °C water bath. Potassium carbonate and hexane were added before centrifugation at 350 x
g for 5 min. Fatty acid methyl esters were analyzed with an Agilent 7890A gas
chromatograph 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 um film; Agilent Technologies, Santa Clara, CA)
in a modified 45 min method as described by Watts et al. (2013). Peaks were identified using
a Supelco® 37 Component FAME Mix (Sigma-Aldrich, St. Louis, MO).
Gene Expression Analysis

Total RNA was collected from PBMC using the NucloSpin RNA kit (Machery-Nagel,
Duren, Germany) according to the manufacturer’s instructions. A NanoDrop ND-1000
(NanoDrop technologies, Rockland, DE) spectrophotometer was used to determine RNA
concentration. One hundred ng of RNA was used for synthesis of single stranded
complimentary DNA (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).
Twenty pL PCR reactions were prepared in duplicate using Tagman Universal PCR Master
Mix (Applied Biosystems) and Custom Tagman Gene Expression assays (Applied
Biosystems). Expression of interleukin-1p (IL-1p), interleukin-6 (IL-6), intercellular adhesion
molecule 1 (ICAM) and tumor necrosis factor-a (TNF-a) was measured in PBMC.

Interleukin-8 receptor (IL-8R), L-selectin (SELL) and caspase-1 (interleukin converting



45

enzyme; CASP) expression was measured in PMN relative to endogenous controls,
glyceraldehyde 3-phophate dehydrogenase (GAPDH) and ribosomal protein S9 (RPS9).
Primer/probe set for IL-8R (Accession number DQ389113, Forward Primer
ATGCGGGTCATCTTTGCTG, Reverse Primer ATGAGGGTGTCCGCGATC, Probe
CTCGTCTTCCTGCTCTGCTGGCT) was designed using Primer Express® software v. 1.5
(Applied Biosystems). Caspase-1 (Accession Number XM_002692921) was designed by
Custom Plus TagMan RNA Assay (Applied Biosystems). All other gene primer/probe sets
were developed by Applied Biosystems (Table 2.19).
Data Analysis

Response variables were analyzed as repeated measures 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 parity as well as 2- and 3-way interactions amongst
the main effects. Cow nested within treatment x parity interaction was designated as a random
effect in the model. Significance was declared at P < 0.05. Data are presented as least square
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, and are presented graphically as fold change (2"22%) relative to the control treatment.
Results and Discussion
Production Measures

As expected, prepartum dry matter intake (DMI) differed between groups with the
control group consuming more feed than the treatment group (8.9 vs. 6.3 £ 0.6 kg, P < 0.01).
This was also reflected in prepartum DMI as a percentage of body weight (BW; 1.60 vs. 1.21

+ 0.04% for control and treatment, respectively, P < 0.01). Grummer and associates (2004)
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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; Figure
3.1). This corresponds with the treatment prepartum ration having a greater energy density
from the addition of 10 kg of corn / hd per day over the control prepartum ration. Similar
results were observed in a pooled study of prepartal cows consuming diets either high or low
in NDF (Grummer et al., 2004) or diets with restricted intake (80% of NE requirement) or
fed ad libitum (160% of NEL requirement; Douglas et al., 2006). Cows consuming the diet
with high NDF or restricted energy had greater DMI than cows fed the low NDF or excessive
energy ration. Postpartum intake did not vary between treatment groups (Figure 3.1).
Although it has been reported that cows fed restricted diets prepartum have greater DMI
postpartum (Douglas et al., 2006; Holcomb et al., 2001), this was not observed in the current
experiment, possibly because of the limited duration of the postpartum sampling period of
only 3 weeks as compared to other studies that continued for at least 6 weeks.

Prepartal treatments did not alter the BCS of treatment groups. Body condition scores
did not follow the typical decline after parturition as reported in some other studies (Roche et
al., 2006, 2009; Edmondson, 1982). As shown in Figure 3.2, average postpartum BCS
increased nearly 0.5 units following parturition instead of declining approximately 0.5 units.
Although body condition scores were recorded by two trained observers and averaged, it
appears that the observers over-compensated with their postpartum observations. Body weight
of treatment groups varied with the treatment group weighing more than the control group
throughout the sampling period (554 vs. 612 + 16 kg, P = 0.01). Postpartum change of BW
between d +3 and +21 tended to differ between treatment groups with control animals losing

more BW than treatment animals (-150 vs. -114 + 16 kg, P = 0.10).
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Milk composition varied slightly between treatment groups. Protein, as a percent of
volume over time, was greater for treatment cows (P < 0.01). Total milk fat yield varied by
treatment x parity x time interaction (P < 0.01). Holcomb et al. (2001) reported similar results
with cows fed a restricted prepartum diet producing 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 3.3). Energy corrected milk yield mirrored that of milk fat
yield. This is not surprising, given the importance of milk fat yield in calculating energy
corrected milk (Dairy Record Management Systems, 2013). Janovick et al. (2010) speculate
that the increased lipid mobilization observed in cows fed an energy-dense prepartum diet is a
potential mechanism for increased milk fat percentage 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 et
al., 2010), in addition to milk production increasing during early lactation (Miller et al.,
2006).

Fatty Acid Analysis

The FA profile of the prepartum ration was primarily C18:3n3 (31.6 g / 100 g fatty
acid methyl esters; FAME), C16:0 (24.8 g/ 100 g FAME), total C18:2 cis (20.8 g /100 g
FAME) and total C18:1 cis (11.4 g/ 100 g FAME; Table 3.2). High concentrations of
C18:3n3 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 FAME) and
total C18:2 cis (24.8 g/ 100 g FAME) and a decreased C18:3n3 (4.7 g/ 100 g FAME)

concentration. The increase in total C18:2 cis and decrease in C18:3n3 from the prepartum to
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postpartum ration were the primary contributors to the increase in total n6:n3 from 0.68 in the
prepartum ration to 5.2 postpartum. This change is expected as the postpartum diet has
decreased forage and increased corn, dry distillers grains, barley, calcium soaps of fatty acids,
and especially canola meal that is high in C18:2 (Moser and VVaughan, 2010). Long chain FA
C20:4 (0.13 vs. 0.03 g/ 100 g FAME) and C22:6 (0.65 vs. 0.08 g / 100 g 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 as their pro- and anti-inflammatory effects are dose dependent (Calder, 2008).
Individual FA in milk can arise from two main sources: de novo synthesis and uptake
from circulation. These circulating free fatty acids can originate from dietary absorption or
mobilization of adipose stores (Bauman and Davis, 1974). During early lactation when lipid
mobilization is high, NEFA from adipose can account 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, therefore, do not fully reflect the FA profile of milk lipids. Of the FAME detected,
concentration of C18:3n3 varied by treatments across time (P < 0.01) with control animals
having greater concentrations than treatment animals (Figure 3.5). Concentrations in the
control group peaked shortly after parturition before declining to similar concentrations of the
treatment group. As mentioned, high-forage rations, similar to the control group ration
prepartum, have high concentrations of C18:3n3 within the feed. Han et al. (2014) reported

similar milk C18:3n3 concentrations from cows fed a high-forage diet.
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Ratio of total n6 to n3 fatty acids varied across treatments by parity and time
interaction (P < 0.01; Figure 3.4). Both total n6 and total n3 appear to be contributing factors
for the overall changes in the ratio. Multiparous cows had higher ratios than primiparous cows
after d +3. Within parity, treatment animals had a greater n6:n3 than control animals (Table
3.6). Benbrook and associates (2013) reported similar n6:n3 ratio in milk from cows fed
conventional diets. High n6 intake is associated with increased inflammation through greater
production of pro-inflammatory mediators (Calder, 2001). Supplementing diets with high
concentrations of n3, such as C20:5 and C22:6 typically found in fish oils, are reported to
have anti-inflammatory effects through decreased pro-inflammatory and increased anti-
inflammatory mediator production (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 of rising
n6:n3 in human diets and its associated potential for exacerbating cardiovascular disease,
diabetes and inflammation (Elwood et al., 2010), it is interesting to note the effect of the high-
energy, prepartum treatment ration in increasing the ratio in early lactating cows.

In the current study, serum lipids were fractionated into NEFA and PL and several FA
differed because of the high-energy (prepartum ration). Nonesterified fatty acids typically
constitute less than 1% of the total circulating lipid fractions (Quehenberger et al., 2010). In
the NEFA fraction, sum of C18:1 cis (P < 0.01) and sum of C18:2 cis (P < 0.01) differed, and
C18:0 (P < 0.10) tended to differ by treatment across parity and time (Table 3.7). Given the
high degree of lipid mobilization in the form of NEFA to compensate for severe negative
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. Similar to milk C18:3n3 concentrations, the control group had
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greater concentrations of C18:3n3 (1.3 vs. 1.0 £ 0.1 g/ 100 g of FAME, P =0.04) in serum
NEFA than the treatment group (Figure 3.5). A proportion of the C18:3n3 from the serum
NEFA fraction could have potentially been utilized by the mammary gland for milk fat
synthesis; however, their true origin (diet or mobilized from lipid stores) remains unknown as
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 eicosanoid and pro-inflammatory
synthesis. Several other long chain PUFA, such as C20:5 and C22:6 had no detectable
differences between treatments. This is expected as PUFA have a relatively small
concentration (approximately 11%) in the serum NEFA lipid profile in the current study.
Several FA associated with eicosanoid production in serum PL varied by treatment
across parity and time as shown in Figure 3.6. Concentrations of C20:4 differed (P < 0.01)
with multiparous cows having greater prepartum concentrations than primiparous cows. After
parturition, concentrations were relatively similar between treatment and parity groups.
Omega-3 FA C20:5 had concentrations greater in control animals prepartum and primiparous
cows postpartum (P = 0.04). Contreras et al. (2010) reported values almost half the
concentrations of C20:4, yet similar C20:5 concentrations were observed in this study in
plasma PL. Greater C20:4 and decreased 20:5 concentrations in multiparous animals as
compared with primiparous animals suggests the possibility of a pro-inflammatory state in
multiparous animals because of increased available C20:4 substrate for synthesis of pro-
inflammatory mediators and reduced inhibition of eicosanoid metabolism by C20:5. Ratio of
n6 to n3 was very high for this fraction, primarily because of low total n3 and high C18:2 cis

concentrations in the serum PL profile. The ratio was greater for treatment animals in the
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prepartum period and multiparous cows in the postpartum period. Similar to the serum NEFA
fraction and milk, concentrations of C18:3n3 varied by treatment x time (P < 0.01) with
greater concentrations observed in the control group, prepartum and similar concentrations
postpartum.

In the present study, few FA in the NEFA fraction of PBMC had significant changes
in concentration because of treatment. As observed in the serum NEFA profile, concentrations
of C20:4 in the NEFA fraction of PBMC were greater in treatment animals as 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 3.7; P = 0.02). Primiparous, treatment
animals had a greater C20:4 prepartum concentration that dropped to concentrations similar to
those observed in primiparous, 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 n3
and sum n6 (Table 3.12), the ratio of n6 to n3 varied by treatment across parity and time
(Figure 3.7; P = 0.05). Concentrations peaked after parturition in primiparous animals as
compared with multiparous animals around d 12 postpartum and continued increasing rapidly
in treatment animals at 21 DIM. Predominant FA found in the NEFA fraction of PBMC were
C16:0 (27.8 g/100 g lipid), C18:0 (26.6 g/100 g lipid) and C18:1 cis (8.0 g/100 g lipid),
similar to the FA profile found in the serum NEFA fraction.

The FA profile of the PL fraction of PBMC have many roles in cellular function.
Alteration to the FA composition can result in alterations to membrane properties, inter- and
intracellular 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
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treatment. Converse to PBMC NEFA C20:4 concentrations, the PL fraction had greater
concentration of C20:4 in control group than in 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 pro-inflammatory mediators than
cows fed a high-energy prepartum diet. Increased pro-inflammatory mediators synthesis is
essential for immune cells to respond to pathogen challenges; however, excess production can
result in a chronic inflammatory state (Contreras, 2008). Concentrations of C18:3n3, a
potential precursor for C20:5 and C22:6 synthesis, were greater in treatment animals than
control 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 as
FA profile in the PL fraction of PBMC typically reflects that of the circulating FA profile
(Contreras et al., 2010; Watts et al., 2013) and in the present study, greater serum
concentrations of C18:3n3 in NEFA and PL were observed in control animals. Given the
relatively small proportion of C18:3n3 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 lipid), C18:0
(19.5 g/100 g lipid) and C18:1 cis (16.3 g/100 g lipid).

Neutrophils, the primary cell-type in PMN, serve vital roles as phagocytes as well as
production of cytokines and lipid mediators to signal and recruit nearby cells to aid in the
immune response. Alterations to the FA profile of PMN result in similar changes to those
observed in PBMC. In this study, several FA differed in the PL fraction of PMN. Although no

difference was detected in C18:3n3 concentrations, C20:5 varied by treatment across time and
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parity (P < 0.01). Primiparous cows had greater concentrations of C20:5 than multiparous
cows and control group had greater quantities than treatment group. Greater available C20:5
can alter eicosanoid production and result in synthesis of less potent pro-inflammatory
mediators, decreased cytokine production and more anti-inflammatory mediators. These
mediators are beneficial in a chronic inflammatory state; however, decreased synthesis of
cytokines and pro-inflammatory mediators can alter the immune response and lead to an
immunosuppressed state. These reported concentrations of C20:5 are relatively small in the
total PL fraction; therefore, the overall influence of C20:5 on PMN function in the immune
response is likely to be minimal as FA influence is in a dose dependent manner (Calder,
2008). There is limited information on the FA profile of PMN. 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 n6 to n3 varied by treatment across time and
parity as seen in several other fraction with similar response in that multiparous cows had
greater concentrations than primiparous cows (P < 0.01; Figure 3.8).
Gene Expression

Treatment effects were detected for IL-18 mRNA expression in PBMC (Figure 3.9; P
= 0.04). Expression of IL-1p was greater in the control group (P = 0.04) than that of the
treatment group. In an immune response, activated macrophages secrete IL-1f to elicit many
cellular activities such as T cell differentiation, B cell proliferation, leukocyte activation,
increased ICAM expression, and synthesis and release of other pro-inflammatory cytokines
(TNF-a and IL-6, for example; Netea et al., 2010). Decreased expression of IL-1 in
treatment animals suggests a potentially reduced immune response to invading pathogens and

increased risk for diseases, such as mastitis and metritis. A similar decrease in IL-1p
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production was observed in human monocytes when diets were enriched in C18:3n3
(Caughey et al., 1996). Although differences in C18:3n3 between treatment groups in the PL
fraction of PBMC were physiologically negligible, it may be postulated that PBMC
expression of IL-1p was lower in treatment animals because of their higher concentration of
C18:3n3 present in the PL fraction of PBMC. As reviewed by Calder (2005), monocytes and
macrophages exposed to various n3 had decreased ICAM, IL-1p, TNF-a and IL-6 production
because of altered eicosanoid metabolism (Chu et al., 1999; Wallace et al., 2003; Miles et al.,
2000), resulting in altered immune cell response to pathogens. Although in the current study,
no detectable treatment effects were observed for ICAM, IL-6 and TNF-a gene expression
(Table 3.18), it is noted that the relatively low concentrations of n3 in the PL fraction of
PBMC might not have been sufficient to elicit a decreased expression in all pro-inflammatory
mediators.

In PMN, 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 PMN
of approximately 9 hours (Carlson and Kaneko, 1975) and the limited sampling in the current
study. In comparison to the known effects of FA supplementation on inflammatory mediator
production and mRNA expression of PBMC, the effects are almost unknown on PMN. A
similar pattern of altered production and mRNA expression in PMN would also be expected,
but not observed in the current study. Scalia et al. (2006) reported decreased viability and
increased necrosis in PMN 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 production from those analyzed in the current
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study. Further research is needed to elucidate the effects of altered FA composition on PMN
MRNA expression and protein abundance of pro-inflammatory mediators.
Conclusions

The transition period is a time of many changes for dairy cows. Parturition and
initiation of lactation challenges all cows as nutrient supply cannot keep up with nutrient
demand and therefore requiring cows to mobilize protein and lipid stores. High circulating
NEFA concentrations aid to fulfill energy requirements in high-producing dairy cows when
supply is limited from inadequate DMI. Cows with greater subcutaneous adipose stores as
assessed by BCS usually mobilize more adipose stores and have greater concentrations of
NEFA as compared to cows with lower BCS and adipose stores. These NEFA alter the
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 high BCS.

In the present study, a high-energy, prepartum diet was used to increase subcutaneous
fat stores and lipid mobilization around parturition. This led to an altered physiological state
compared to a typical prepartum diet, supplemented with monensin to minimize lipid
mobilization. Several FA concentrations in milk and NEFA and PL fractions in serum, PBMC
and PMN varied because of the high-energy prepartum treatment diet interacting with time
and parity. Many important n3 and n6 FA, such as C20:5 (n3) and C20:4 (n6), known to alter
eicosanoid and cytokine production in immune cells, varied due treatment and therefore,
presumably altered PBMC and PMN response. Gene expression of several pro-inflammatory
mediators that are indicative of cell function did not vary by treatment, except for decreased
IL-1B expression in PBMC in treatment animals. Given the relatively brief lifespan of these

immune cells, especially neutrophils in the PMN 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 mediators and

greater sampling of immune cells to observe physiological changes.
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Figures

Figure 2.1. Serum nonesterified fatty acid concentrations (NEFA; LSM + SEM in mEq L)
obtained from dairy cows (n = 22) at various time points through the transition period that
were retrospectively dichotomized by body condition score (BCS) at d -5 to -7 before
parturition. Closed squares present HIGH group (BCS > 3.25) and open triangles present
LOW group (BCS < 3.0). * represents treatment means differed at those time-points specified,
P <0.05.
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Figure 2.2. Pre- and postpartum mean weekly feed intakes (kg d*) obtained from dairy cows
(n = 22) through the transition period that were retrospectively dichotomized by body
condition score (BCS) at d -5 to -7 before parturition. Closed squares present HIGH group
(BCS > 3.25) and open triangles present LOW group (BCS < 3.0). * represents treatment
means differed at those time-points specified, P < 0.05.
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Figure 3.1. Least square means of dry matter intake in 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/hd per day prepartum and were fasted for 8 h on d +3
postpartum or control (closed square; m) of 400 mg of monensin/hd per day prepartum.
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Figure 3.2. Least square means of body condition score and body weight of periparturient
dairy cows [14 multiparous (solid line) and 20 primiparous (dashed line)] that received either

the treatment (open circle; ©) of 10 kg of corn/hd per day prepartum and were fasted for 8 h

on d +3 postpartum or control (closed square; m) of 400 mg of monensin/hd per day
prepartum.
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Figure 3.3. Least square means of energy corrected milk (kg / d), milk fat yield (kg / d) and
somatic cell count of milk (x1000 / mL) samples obtained from periparturient dairy cows [14
multiparous (solid line) and 20 primiparous (dashed line)] that received either the treatment

(open circle; 0) of 10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3
postpartum or control (closed square; m) of 400 mg of monensin/hd per day prepartum.
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Figure 3.4. Least square means of n6:n3 in milk 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/hd per day prepartum and were fasted for 8 h on d
+3 postpartum or control (closed square; m) of 400 mg of monensin/hd per day prepartum.
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Figure 3.5. Least square means of C18:3n3 (g / 100 g FAME) of the nonesterified fatty acid
and phospholipids fractions of serum and milk lipids from periparturient dairy cows [14
multiparous (solid line) and 20 primiparous (dashed line)] that received either the treatment

(open circle; 0) of 10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3
postpartum or control (closed square; m) of 400 mg of monensin/hd per day prepartum.
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Figure 3.6. Least square means of fatty acid (g / 100 g FAME) 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; ) of
10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3 postpartum or control
(closed square; m) of 400 mg of monensin/hd per day prepartum.
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Figure 3.7. Least square means of C20:4 (g / 100 g FAME) profile and n6:n3 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; 0) of 10 kg of corn/hd per day prepartum and were

fasted for 8 h on d +3 postpartum or control (closed square; m) of 400 mg of monensin/hd per
day prepartum.
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Figure 3.8. Least square means of fatty acid (g / 100 g FAME) profile of the phospholipids
fraction of polymorphonucleocyte samples obtained from periparturient dairy cows [14
multiparous (solid line) and 20 primiparous (dashed line)] that received either the treatment

(open circle; 0) of 10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3
postpartum or control (closed square; m) of 400 mg of monensin/hd per day prepartum.
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Figure 3.9. Gene expression (fold change) of interleukin-1p (IL-1B) of periperipheral blood
mononuclear cells obtained from periparturient dairy cows [14 multiparous and 20
primiparous] that received either the treatment (closed bar) of 10 kg of corn/hd per day
prepartum and were fasted for 8 h on d +3 postpartum or control (open bar) of 400 mg of
monensin/hd per day prepartum. Least square means are illustrated in fold change (2-24¢
method) relative to control treatment. Original A cycle threshold values were used for

statistical analysis.
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Table 2.1. Mean fatty acid composition of nonesterified fatty acids fraction of serum lipids obtained from

dairy cows (n = 22) at various time points throughout the transition period that were retrospectively
dichotomized by body condition score at day -5 to -7 before parturition.

day, relative to parturition

Fatty acid,’ g

100 g -28 -7 8 18 28 SEM? P -value
C14:0 2.6% 2.2 2.3% 1.9¢ 2.1k 0.2 0.01
C16:0 17.22 19.2% 21.8° 21.5% 20.3% 1.0 0.01
Cl6:1 0.8 1.2% 2.1° 2.2° 1.5° 0.2 0.001
C18:0 211 24.9 22.3 23.1 23.4 1.4 0.37
C18:1 cis 131 18.12 22.9% 27.0° 21.8% 2.1 0.001
C18:2 trans 15.42 11.0%® 9.3 2.7° 7.6 2.2 0.01
C18:2 cis 6.7° 6.42 4.6° 5.7% 6.7° 0.5 0.02
C20:1 3.6% 2.7%¢ 2.4%¢ 0.9° 1.8v¢ 0.5 0.001
C20:3n3 0.65% 0.76% 0.39¢ 0.48% 0.58% 0.09 0.03

abed Means in a row without a common letter differ, P < 0.05.

1C14:0 = myristic acid, C16:0 = palmitic acid, C16:1 = palmitoleic acid, C18:0 = stearic acid, C18:1 = oleic
acid, C18:2 = linoleic acid, C20:1 = eicosenoic acid, C20:3n3 = eicosatrienoic acid.

2Largest SEM reported
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Table 2.2. Mean fatty acid composition of phospholipids fraction of serum lipids obtained from dairy cows
(n = 22) at various time points throughout the transition period that were retrospectively dichotomized by
body condition score at day -5 to -7 before parturition.

Fatty acid,’ g

day, relative to parturition

100 gt -28 -7 8 18 28 SEM2 P -value
C14:0 1.8 1.6 15 1.7 1.6 0.3 0.94
C16:0 18.6% 18.7% 23.5° 22.3% 22.4° 1.6 0.05
Cl6:1 1.12 0.8% 0.72 1.18 1.7 0.2 0.01
C18:0 20.22 15.8 16.0° 19.8%® 19.2%¢ 15 0.05
C18:1 cis 7.6 7.8 10.9° 12.2° 12.0° 0.8 0.001
C18:2 trans 0.3 2.6 0.9 1.0 0.1 1.0 0.36
C18:2 cis 28.6 26.5 28.5 25.0 28.0 1.7 0.43
C20:1 0.15 0.07 0.01 0.54 0.16 0.26 0.62
C20:3n3 2.7 1.82 1.1° 1.6% 2.0% 0.3 0.01

abcMeans in a row without a common letter differ, P < 0.05.

1C14:0 = myristic acid, C16:0 = palmitic acid, C16:1 = palmitoleic acid, C18:0 = stearic acid, C18:1 = oleic
acid, C18:2 = linoleic acid, C20:1 = eicosenoic acid, C20:3n3 = eicosatrienoic acid.
2Largest SEM reported



Table 2.3. Mean dry matter intake (DMI), body condition score (BCS), milk composition and yield
of dairy cows (n = 22) throughout the transition period that were retrospectively dichotomized by
BCS at day -5 to -7 before parturition

BCS!
Treatment Treatment x Time
HIGH LOW SEM? P - value P - value

DMI (kg d})

Prepartum 20.0 23.8 1.1 0.02 0.09

Postpartum 24.8 304 2.2 0.09 0.85
Milk

Protein % 3.1 3.2 0.1 0.29 0.59

Protein Yield 1.0 11 0.1 0.50 0.91

Fat % 2.8 3.1 0.4 0.62 0.89

Fat Yield 0.8 1.0 0.1 0.19 0.81

Lactose % 4.7 4.8 0.1 0.36 0.34

SNF 8.7 8.8 0.2 0.86 0.22

sccs 134.8 213.1 56.0 0.33 0.50
Milk Yield (kg d%) 335 34.1 2.8 0.89 0.53
ECM (kg d1)* 28.4 32.1 2.5 0.88 0.52

1BCS dichotomization: HIGH BCS > 3.25, LOW BCS <3.0

2L arger SEM reported

3SCC: somatic cell count (x1000/mL)

4ECM: 0.327 x milk yield kg + 12.95 x fat yield kg + 7.21 x protein yield kg



Table 3.1. Ingredient composition (% of DM) of prepartum and postpartum
rations

Ration

Item Prepartum Postpartum
Alfalfa hay 12.89 6.42
Grass hay 9.99 6.47
Triticale silage® 44.25 30.03
Oat and pea silage® 14.77 -
Cracked corn, dry 3.97 7.20
Rolled barley 8.97 16.39
Dry distiller corn grain with solubles - 8.97
Canola meal - 17.06
Sodium bicarbonate - 0.52
Liquid mineral/vitamin pre-mix® 4.99 4.50
Calcium soaps of fatty acids* - 2.25
Salt 0.17 0.19

Chemical Analysis
DM 46.4 62.3
NDF 51.6 38.4
ADF 34.4 245
CP 121 17.6
Soluble (as % of CP)
Ether extract 2.8 5.6
NFC 24.8 32.9
Ash
Ca 0.7 0.9
P 0.3 0.5
Mg 0.2 0.3
K 2.5 1.8
NE¢, Mcal/kg of DM 1.39 1.64

Triticale silage 37% DM (as fed).

250:50 Oat and pea silage 32% DM (as fed).
SPerformix, Caldwell, ID.

EnerGlI; Virtus Nutrition, Corcoran, CA.
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Table 3.2. Fatty acid (g / 100 g FAME) composition of basal rations fed to dairy cows (n = 34) that received
either the treatment of 10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3 postpartum or control
of 400 mg of monensin/hd per day prepartum. All cows received the same postpartum ration after parturition.

Ration
Fatty acid (g / 100 g) Prepartum Postpartum
C14:0 2.2 0.97
Cil4:1 0.12 0.02
C15:0 0.36 0.11
C15:1 0.04 ND*
C16:0 24.8 28.9
C16:1 0.53 0.36
C17:0 0.26 0.15
Cci7:1 0.28 0.07
C18:0 2.8 3.16
> C 18:1 trans 0.16 0.48
> C18:1cis 11.4 34.3
> C 18:2 trans 0.05 ND
> C 18:2cis 20.8 24.8
C 18:3n6 0.05 ND
C20:0 0.95 0.47
C 18:3n3 31.6 4.73
C20:1 0.30 0.38
C21:.0 0.14 0.05
C20:2 0.14 0.07
C22:0 0.04 0.03
C 20:3n6 0.96 0.29
C 20:3n3 0.09 0.02
c221 ND 0.02
C20:4 0.13 0.03
C23:.0 0.33 0.21
C22:2 ND ND
C20:5 ND ND
C24:.0 0.60 0.25
C24:1 0.26 0.05
C22:6 0.65 0.08
X SFA? 324 34.3
T UFA3 67.6 65.8
~ MUFA* 13.1 35.7
¥ PUFAS 54.5 30.0
T n-6° 22.1 25.2
2z n-3’ 324 4.8
n-6:n-3 0.68 5.2
SFA:UFA 0.48 0.52

IND = not detected

2SFA = saturated fatty acids

3UFA = unsaturated fatty acids

“MUFA = monounsaturated fatty acids

SPUFA = polyunsaturated fatty acids

®n-6 = omega-6 fatty acids that included C18:2 trans, C18:2 cis, C18:3n6, C20:2, C20:3n6, C20:4, and C22:2
"n-3 = omega-3 fatty acids that included C18:3n3, C20:3n3, C20:5 and C22:6
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Table 3.3. Least square means of the production performance of dairy cows [14 multiparous (M) and 20
primiparous (P)] that received either the treatment of 10 kg of corn/hd per day prepartum and were fasted for 8
h on d +3 postpartum (TRT) or control of 400 mg of monensin/hd per day prepartum (CON) throughout the

transition period.

TRT CON P - value
X
M p M P SEM! TRT  TRTx  TRTx I;I;aFr\)i-try x
Time Parity .
Time

'(\l/l(g}é)Y'EId 27.2 21.6 24.9 214 2.6 0.57 0.61 0.65 0.13
ECM (kg/d)? 21.1 21.7 27.5 21.7 2.4 0.38 0.29 0.39 0.04
(Ekcé'/\él)/ DMI 2.94 1.85 4.09 1.97 0.74 0.26 0.73 0.35 0.33
Composition
Protein

% 4.26 3.69 3.95 3.43 0.12 0.01 <0.01 0.81 0.94

Yield, (kg/d) 1.08 0.76 0.96 0.71 0.09 0.30 0.81 0.01 0.19
Fat

% 4.37 3.56 3.95 3.57 0.29 0.44 0.43 0.43 <0.01

Yield, (kg/d) 1.12 0.70 0.95 0.73 0.08 0.34 0.35 0.19 0.01
Lactose

% 4.23 4.47 4.32 451 0.10 0.48 0.76 0.80 0.54

Yield, (kg/d) 1.18 0.99 1.08 0.99 0.12 0.67 0.52 0.66 0.45
SNF, % 9.34 9.04 9.13 8.82 0.17 0.20 <0.01 0.99 0.97
Scc? 1244 594 896 375 363 0.78 0.11 0.84 0.09
SCs* 243 2.00 2.33 1.92 0.20 0.62 0.64 0.95 0.28
MUNS 16.8 21.1 18.7 19.1 1.5 0.99 0.01 0.14 0.87

!Largest SEM reported
2ECM: energy corrected milk = 0.327 x milk yield kg + 12.95 x fat yield kg + 7.65 x protein yield kg; Dairy

Record Management Systems (2013).
3SCC: somatic cell count (x1000/mL)
4SCS: somatic cell score = log (SCC)
SMUN: milk urea nitrogen
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Table 3.4. Least square means of dry matter intake (DMI), body condition score (BCS) and body weight (BW)
obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)] that received either the treatment of 10
kg of corn/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or control of 400 mg of

monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value
TRT x
M P M P SEM! TRT TTRi;eX I,'erit; Parity x
Time
DMI (kg/d)
Prepartum 6.2 6.6 7.8 10.0 0.9 <0.01 0.92 0.01 -
Postpartum 17.7 14.8 13.8 15.6 1.9 0.35 0.07 0.16 0.20
DMI
(as % of BW)
Prepartum 0.81 1.61 1.39 182 0.06 <0.01 <0.01 <0.01 <0.01
Postpartum 3.0 3.2 2.9 3.3 0.4 0.95 0.82 0.75 0.38
BW (kg) 707 517 612 496 25 0.01 0.49 0.10 0.29
ABW (kg)
Prepartum? 39 26 35 40 22 0.81 - 0.63 -
Postpartum®  -126  -101 -206  -95 25 0.10 - 0.05 -
BCS* 355 343 3.50 343  0.13 0.82 0.42 0.85 0.74
ABCS
Prepartum 0.11 -0.10 -0.10 -0.11  0.18 0.48 - 0.51 -
Postpartum 0.38  0.50 0.10 031 0.17 0.12 - 0.80 -

!Largest SEM reported

2Change between d -28 to -7, relative to parturition

3Change between d +3 to -21, relative to parturition

“Based on a 1-5 scale
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Table 3.5. Least square means of fatty acid (g / 100 g FAME) of milk obtained from dairy cows [14
multiparous (M) and 20 primiparous (P)] that received either the treatment of 10 kg of corn/hd per day
prepartum and were fasted for 8 h on d +3 postpartum (TRT) or control of 400 mg of monensin/hd per day
prepartum (CON) throughout the transition period.

TRT CON P - value

Fatty Acid TRTx TRTx JRI*
(g /3{00 0 M P M P  SEM! TRT  Time  Parity Piri'rtg'ex
C14:0 6.5 6.5 6.7 7.2 0.4 0.28 0.95 0.57 0.62
Cl14:1 0.71 0.63 0.61 0.67 0.05 0.47 0.82 0.11 0.76
C15:0 - - - - - - - - -
C15:1 - - - - - - - - -

C 16:0 319 311 316 31.9 0.6 0.65 0.87 0.37 0.02
C16:1 2.4 1.7 2.1 1.6 0.1 0.06 0.27 0.39 0.56
C17:.0 069 094 0.79 0.97 0.05 0.10 0.45 0.36 0.02
c1ir71 042 051 0.46 0.50 0.04 0.58 0.81 0.56 0.15
C 18:.0 141 16.7 14.6 16.9 0.8 0.57 0.78 0.81 0.81
XCl18:1Itrans 1.4 2.0 14 2.1 0.2 0.83 0.79 0.77 0.30
> C 18:1cis 345 321 34.2 30.1 1.3 0.30 0.90 0.45 0.23
XCl18:2trans - - - - - - - - -

X C18:2cis 3.0 2.7 2.9 2.4 0.1 0.03 <0.01 0.14 0.06
C 18:3n6 - - - - - - - - -

C 20:0 013 0.15 0.11 0.17 0.02 0.94 0.84 0.26 0.79
C 18:3n3 034 0.45 0.41 0.53 0.02 <0.01  <0.01 0.79 0.06
C 20:1 043 0.52 0.40 0.53 0.03 0.67 0.82 0.41 0.04
C21:0 - - - - - - - - -

C 20:2 - - - - - - - - -

C 22:0 - - - - - - - - -

C 20:3n6 - - - - - - - - -

C 20:3n3 024 0.23 0.25 0.20 0.02 0.57 0.56 0.14 <0.01
C221 - - - - - - - - -
C20:4 - - - - - - - - -
C23:.0 - - - - - - - - -
C22:2 0.04 0.06 0.05 0.09 0.01 <0.01 0.21 0.16 0.65
C 20:5 - - - - - - - - -

C 24:.0 0.003 0.010 0.003 0.014 0.003 0.54 0.17 0.41 -
Cc24:1 0.03 0.03 0.02 0.02 0.01 0.47 0.55 0.65 0.88
C22:6 0.007 0.017 0.003 0.021 0.004 0.99 0.75 0.31 -

!Largest SEM reported
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Table 3.6. Summary of various fatty acid profiles of milk obtained from dairy cows [14 multiparous (M) and
20 primiparous (P)] that received either the treatment of 10 kg of corn/hd per day prepartum and were fasted
for 8 h on d +3 postpartum (TRT) or control of 400 mg of monensin/hd per day prepartum (CON) throughout
the transition period.

TRT CON P - value

Fatty Acid TRTx TRTx JRIX
(g /3{00 0 M P M P  SEM! TRT  Time  Parity Piri'rtg'ex
T SFA? 562  58.8 569 610 12 017 099 050 0.22
T UFA? 437 411 430 389 12 018 089 049 0.22
T MUFA* 399 374 39.1 354 13 022 089 058 0.21
T PUFA® 38 37 38 35 0.1 032 003 029 -

% n-6° 31 28 30 25 0.1 004 <001 0.8 0.08
% n-37 058  0.70 066 076 003 001 044 066 -
n-6:n-3 55 42 48 35 0.2 <001 034 098 <001
SFA:UFA 14 15 14 17 0.1 022 084 020 .

L argest SEM reported

2SFA = saturated fatty acids

SUFA = unsaturated fatty acids

“MUFA = monounsaturated fatty acids

SPUFA = polyunsaturated fatty acids

®n-6 = omega-6 fatty acids that included C18:2 trans, C18:2 cis, C18:3n6, C20:2, C20:3n6, C20:4, and C22:2
n-3 = omega-3 fatty acids that included C18:3n3, C20:3n3, C20:5 and C22:6
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Table 3.7. Least square means of fatty acid (g / 100 g FAME) 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/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or control of 400 mg of

monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value

Fatty Acid M p M P SEM! TRT TRT> TRTx PTaI:inXX
(g/100¢q) Time Parity Time
C 140 36 28 31 34 04 0.76 046 017 0.18
C14:1 20 19 19 20 02 099 018  0.49 0.75
C 15:0 074 074 076 098 0.1 019 024 026 024
C15:1 032 046 054 059 0.8 022 027 072 0.57
C 16:0 280 274 279 2716 07 089 070  0.76 0.04
C16:1 29 29 34 33 04 018 001 087 0.19
C17:0 13 14 14 16 01 024 012 074 006
c17:1 026 056 034 037 014 059 070 0.8 0.95
C 18:0 230 248 244 250 10 041 022 048 0.10
TC18ltrans 142 2.1 16 19 03 097 054 059 0.24
SCi8lcis 227 218 219 190 13 013 041 042 <001
Ci82trans 007 008 008 008 002 081 026 089 0.07
¥ C 18:2 cis 79 74 76 69 06 042 030 091 0.01
C 18:3n6 006 008 007 008 002 086 036 081 0.29
C 20:0 - - ; ; ; . ; -

C 18:3n3 11 10 11 15 02 004 002 005 0.29
C20:1 010 014 006 019 007 094 014 047 0.71
C 21:0 012 009 016 017 005 010 093 062 0.19
C 202 008 010 008 018 007 044 043 041 0.87
C 22:0 036 020 026 033 008 074 013 0.10 0.14
C 20:3n6 070 086 064 082 0.0 063 095 092 0.59
C 20:3n3 018 019 026 030  0.09 019 052 078 <001
c22:1 031 035 027 022 008 019 032 050 0.17
C20:4 126 099 08 089 016 006 025 022 0.01
C 230 030 027 026 034 009 084 039 048 0.74
C22:2 006 007 006 017 007 026 072 025 0.23
C 205 033 032 026 038 009 092 062 038 0.48
C 24:0 020 019 020 028 007 047 010 047 0.24
C24:1 008 005 004 014 007 066 060  0.20 0.31
C 226 004 018 001 027 0.9 088 047 074 073

!Largest SEM reported
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Table 3.8. Summary of various fatty acid profiles of 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/hd
per day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or control of 400 mg of monensin/hd per
day prepartum (CON) throughout the transition period.

TRT CON P - value

Fatty Acid " o " P sEM Ry TRTx TRTx ';"Jy"x
(g/100¢q) Time Parity Time
¥ SFA? 58.1 58.6 59.2 60.7 1.4 0.19 0.93 0.66 0.19
> UFAS3 41.9 414 40.8 39.3 14 0.19 0.93 0.66 0.19
> MUFA* 30.1 30.2 29.9 27.7 1.7 0.37 0.64 0.45 <0.01
> PUFA® 11.8 11.2 10.9 11.6 0.9 0.75 0.87 0.44 <0.01
¥ n-68 8.8 8.5 8.4 8.1 0.6 0.50 0.29 0.95 0.06
> n-37 1.6 1.7 1.6 25 0.4 0.25 0.53 0.21 0.18
n-6:n-3 6.8 6.1 5.9 4.5 05 0.01 0.11 0.42 0.82
SFA:UFA 15 15 15 1.6 0.1 0.15 0.95 0.54 -

L argest SEM reported

2SFA = saturated fatty acids

SUFA = unsaturated fatty acids

“MUFA = monounsaturated fatty acids

SPUFA = polyunsaturated fatty acids

®n-6 = omega-6 fatty acids that included C18:2 trans, C18:2 cis, C18:3n6, C20:2, C20:3n6, C20:4, and C22:2
n-3 = omega-3 fatty acids that included C18:3n3, C20:3n3, C20:5 and C22:6
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Table 3.9. Least square means of fatty acid (g / 100 g FAME) 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/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or control of 400 mg of

monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value

Fatty Acid M p M P SEM! TRT  RT*  TRTx I;I;Ei:yxx
(g/100¢q) Time Parity Time
C 14:0 2.2 1.8 1.7 1.9 0.4 0.55 0.52 0.15 0.24
Cl4:1 058  0.59 0.56 0.60 0.07 0.86 0.27 0.71 0.47
C15:0 051 057 0.46 0.65 0.05 0.70 <0.01 0.15 0.14
C15:1 027 037 0.26 0.33 0.05 0.62 0.99 0.66 0.23
C 16:0 22.4 21.9 22.6 22.0 0.6 0.76 0.66 0.89 0.81
Cc16:1 1.2 1.2 14 14 0.1 0.13 0.26 0.88 0.47
c17.0 0.83 1.11 0.94 1.15 0.10 0.31 0.55 0.66 0.43
c1ir71 0.88 0.65 0.49 0.70 0.16 0.13 0.24 0.06 0.65
C 18:.0 235 24.7 23.8 25.4 14 0.68 0.21 0.83 0.31
¥ C 18:1 trans 1.2 1.3 1.2 17 0.3 0.45 0.56 0.28 0.92
X C18:1cis 134 13.6 12.6 14.0 0.7 0.77 0.39 0.34 0.41
X C 18:2 trans 0.17 0.13 0.17 0.18 0.02 0.22 0.01 0.20 0.76
X C18:2cis 20.9 19.7 19.6 17.3 1.2 0.10 0.01 0.61 0.55
C 18:3n6 0.34 0.26 0.28 0.24 0.03 0.18 0.44 0.60 <0.01
C 20:0 014 0.16 0.17 0.21 0.02 0.06 0.03 0.69 0.07
C 18:3n3 1.3 1.3 1.6 1.9 0.1 <0.01 <0.01 0.16 0.07
C20:1 0.15 0.16 0.09 0.14 0.02 0.04 0.61 0.20 0.11
C21.0 0.08 0.03 0.05 0.05 0.02 0.62 0.27 0.17 0.37
C 20:2 0.10 0.12 0.12 0.07 0.04 0.73 0.97 0.31 0.24
C 22:0 14 14 1.3 15 0.2 0.94 0.73 0.70 0.29
C 20:3n6 2.7 2.2 2.5 2.0 0.2 0.15 0.09 0.84 <0.01
C 20:3n3 0.10 0.08 0.17 0.09 0.06 0.36 0.30 0.46 0.15
C221 - - - - - - - - -
C20:4 3.1 3.0 3.4 2.4 0.2 0.64 0.05 0.01 <0.01
C23:.0 039 031 0.37 0.49 0.05 0.05 <0.01 0.02 0.57
C22:2 026  0.59 0.34 0.48 0.09 0.90 0.89 0.23 0.88
C 20:5 024  0.30 0.23 0.56 0.09 0.09 0.40 0.08 0.04
C 24:.0 0.09  0.07 0.06 0.06 0.04 0.42 0.65 0.65 0.24
Cc24:1 033 0.23 0.38 0.21 0.05 0.78 0.90 0.42 0.06
C22:6 020 046 0.14 0.48 0.05 0.60 0.60 0.34 0.86

!Largest SEM reported
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Table 3.10. Summary of various fatty acid profiles of 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/hd per
day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or control of 400 mg of monensin/hd per day
prepartum (CON) throughout the transition period.

TRT CON P - value
. TRT
(F;t/t{()A()Cg)j M p M P SEM! TRT TTRi;eX I,'erit;‘ P%I_r_ity x
Iime
T SFA? 515 521 515 534 17 067 048 063 057
s UFA? 474 462 455 450 17 031 010 082 024
¥ MUFA* 180 182 170 191 1.0 094 025 019  0.69
S PUFAS 203 281 284 258 13 022 005 054 007
% n-6° 275 259 264 227 13 007 003 003 011
% n-37 18 21 21 31 02 <001 <001 006 004
n-6:n-3 176 138 192 89 13 011 <001 <001 <001
SFA:UFA 12 13 15 14 02 034 011 038 0.4

L argest SEM reported

2SFA = saturated fatty acids

SUFA = unsaturated fatty acids

“MUFA = monounsaturated fatty acids

SPUFA = polyunsaturated fatty acids

®n-6 = omega-6 fatty acids that included C18:2 trans, C18:2 cis, C18:3n6, C20:2, C20:3n6, C20:4, and C22:2
n-3 = omega-3 fatty acids that included C18:3n3, C20:3n3, C20:5 and C22:6



81

Table 3.11. Least square means of fatty acid (g / 100 g FAME) 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/hd per day prepartum and were fasted for 8 h on d +3
postpartum (TRT) or control of 400 mg of monensin/hd per day prepartum (CON) throughout the transition

period.
TRT CON P - value
: TRT x
(F;“/t{ (%Cé‘; M P M P SEM! TRT TTFf;eX I,SrTit; Parity x
Time
C 14:0 57 56 43 54 06 016 024 028 007
C14:1 085 058 047 087 0.4 070 013 001 006
C 15:0 14 13 10 13 01 005 023 010 007
C15:1 094 101 091 074 017 033 082 044 055
C 16:0 2719 279 274 281 14 091 078 080 041
C16:1 21 21 17 21 02 032 065 031 020
C17:0 13 17 14 14 05 085 099 052 096
c17:1 127 099 106 094 023 054 010 068  0.10
C 18:0 251 247 294 268 21 008 045 055 084
SCi8ltrans 23 22 16 20 05 033 007 062 061
S C 18:1 cis 78 73 76 86 15 072 081 058 035
SCli82trans - . . . . . . . .
S C 18:2 cis 23 27 22 27 09 095 060 096 082
C 18:3n6 018 009 002 004 007 004 058 029 099
C 20:0 067 057 062 074 011 049 012 023 090
C 18:3n3 25 24 21 18 08 041 040 082 018
C 20:1 055 031 081 038 0.8 030 001 055 0.9
C21:0 053 047 065 031 022 093 023 045 070
C 20:2 072 106 071 054 037 039 049 039 025
C 22:0 34 34 31 30 11 072 082 092 014
C 20:3n6 59 74 76 77 17 055 066 067 0.8
C 20:3n3 100 075 081 056 031 051 004 099 066
C22:1 26 21 21 20 07 058 043 079  0.05
C 20:4 114 144 075 029 043 002 012 023 002
C 23:0 026 020 022 005 006 011 099 036 044
C22:2 028 052 044 058  0.20 052 081 078 030
C 20:5 005 036 002 024 027 069 034 079 <001
C 24:0 020 021 020 023 007 090 079 088  0.10
C 2411 090 047 068 080 025 081 052 024 072
C 22:6 . . . . . . . . .

!Largest SEM reported
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Table 3.12. Summary of various fatty acid profiles 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/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or
control of 400 mg of monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value

: TRT x

(F;“/t{ (%Cé‘; M P M P SEM! TRT TTFf;eX I,SrTit; Parity x
Time
S SFA? 664 660 685 672 25 049 059 087  0.79
5 UFA? 336 340 315 328 25 049 059 087  0.79
S MUFA* 193 172 169 184 20 072 065 031 098
S PUFAS 142 169 146 144 24 062 067 048 046
5 n-6° 107 133 117 118 19 090 045 048 056
5 n-37 35 36 29 26 10 029 033 081 018
n-6:n-3 54 80 88 103 21 012 004 075 005
SFA:UFA 24 23 26 28 04 035 069 067 075

!Largest SEM reported

2SFA = saturated fatty acids

SUFA = unsaturated fatty acids

4“MUFA = monounsaturated fatty acids

SPUFA = polyunsaturated fatty acids

®n-6 = omega-6 fatty acids that included C18:2 trans, C18:2 cis, C18:3n6, C20:2, C20:3n6, C20:4, and C22:2
n-3 = omega-3 fatty acids that included C18:3n3, C20:3n3, C20:5 and C22:6



83

Table 3.13. Least square means of fatty acid (g / 100 g FAME) 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/hd per day prepartum and were fasted for 8 h on d +3
postpartum (TRT) or control of 400 mg of monensin/hd per day prepartum (CON) throughout the transition

period.
TRT CON P - value
: TRT x
(F;“/t{ (%Cé‘; M P M P SEM! TRT TTFf;eX I,SrTit; Parity x
Time
C 14:0 25 22 15 19 04 008 019 023 019
C14:1 057 043 050 053 0.3 087 002 037 023
C 15:0 097 106 078 097 017 033 018 071 036
C15:1 043 055 062 048 0.0 058 098 018 071
C 16:0 226 234 214 231 10 037 046 062 034
C16:1 139 122 100 095 0.8 002 032 066 053
C17:0 11 13 10 11 02 039 070 069 079
c17:1 095 064 047 074 0.4 011 057 002 0.9
C 18:0 196 185 210 196 14 029 066 087 049
SCli8ltrans 26 26 20 19 02 <001 003 098 026
SCli8lcis 165 162 151 162 08 036 084 034 008
SCl182trans 005 003 007 003 0.03 073 018 054 007
S C 18:2 cis 93 88 91 92 09 093 097 070 020
C 18:3n6 010 012 008 009 003 050 074 084 003
C 20:0 077 061 086 057 0.14 083 015 062 047
C 18:3n3 087 127 063 064  0.30 004 041 035 025
C 20:1 13 10 13 11 01 080 036 097 082
C21:0 . . . . . . . . .
C 20:2 042 064 044 042 009 013 <001 007 034
C 22:0 20 21 24 20 03 052 004 041 039
C 20:3n6 26 30 29 25 05 079 060 041 008
C 20:3n3 004 020 014 001 0.1 065 014 013 026
C22:1 100 085 051 088 022 023 080 017 009
C 20:4 83 80 105 96 09 002 008 069 021
C 23:0 010 017 018 010 0.04 079 094 003 015
C22:2 036 045 053 043 012 040 018 032 068
C 20:5 105 107 099 135 0.5 043 063 022 049
C 24:0 016 016 012 017 005 037 038 057 007
C 2411 18 27 33 28 08 019 092 023 003
C 22:6 044 065 050 061 0.8 091 072 070 097

!Largest SEM reported
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Table 3.14. Summary of various fatty acid profiles 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/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or
control of 400 mg of monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value

: TRT x

(F;“/t{ (%Cé‘; M P M P SEM! TRT TTFf;eX I,SrTit; Parity x
Time
S SFA? 500 495 494 495 14 084 094 083 024
5 UFA? 500 505 506 505 14 084 094 083 024
S MUFA* 264 262 247 256 10 020 059 056 003
S PUFAS 236 243 258 249 17 033 091 058 002
5 n-6° 212 211 236 223 16 020 079 067 <001
5 n-37 24 32 23 26 04 026 067 049 088
n-6:n-3 107 102 127 108 15 030 041 058 047
SFA:UFA 10 10 10 10 01 077 098 090 031

!Largest SEM reported

2SFA = saturated fatty acids

SUFA = unsaturated fatty acids

4“MUFA = monounsaturated fatty acids

SPUFA = polyunsaturated fatty acids

®n-6 = omega-6 fatty acids that included C18:2 trans, C18:2 cis, C18:3n6, C20:2, C20:3n6, C20:4, and C22:2
n-3 = omega-3 fatty acids that included C18:3n3, C20:3n3, C20:5 and C22:6
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Table 3.15. Least square means of fatty acid (g / 100 g FAME) of the phospholipids fatty acid fraction of

polymorphonucleocytes obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)] that received
either the treatment of 10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT)
or control of 400 mg of monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value
: TRT x
(F;“/t{ (%Cé‘; M P M P SEM! TRT TTFf;eX I,SrTit; Parity x
Time
C 14:0 22 14 15 13 04 027 080 049 016
C14:1 037 031 024 027 006 009 038 037 040
C 15:0 046 054 039 047 007 021 055 099 008
C15:1 . . . . . . . . .
C 16:0 204 198 182 178 11 004 079 096 0.9
C16:1 086 053 084 071 020 059 011 049 029
C17:0 064 072 063 073 004 090 062 074 018
c17:1 021 028 025 027 004 062 095 044 015
C 18:0 193 198 212 195 10 032 024 015 028
SCli8ltrans 20 18 15 16 02 009 020 045 0.0
SCli8lcis 197 174 158 157 13 002 018 034 012
SCl182trans - . . . . . . . .
SCl182cis 231 255 274 215 20 009 048 053 011
C 18:3n6 012 008 009 014 003 056 015 0.5 .
C 20:0 032 031 033 034 004 052 034 098 054
C 18:3n3 16 11 11 17 05 089 060 010 046
C 20:1 084 068 080 064 0.6 040 080 097 015
C21:0 030 021 019 020 0.3 052 054 061 008
C 20:2 018 028 023 026 004 068 059 030 055
C 22:0 14 14 19 16 02 002 001 038 007
C 20:3n6 053 052 071 058 0.4 029 033 063 023
C 20:3n3 047 022 031 044 0.4 078 031 011 053
C22:1 . . . . . . . . .
C 20:4 44 54 54 59 07 020 001 069 012
C 23:0 001 002 001 007 001 010 003 003 <001
C22:2 012 024 019 022 007 068 064 045  0.20
C 20:5 027 074 033 116 0.0 001 <001 005 <001
C 24:0 006 011 006 005 002 015 016 010 051
C 2411 034 026 042 034 008 024 004 097 056
C 22:6 014 038 014 049  0.06 032 031 031 .

!Largest SEM reported



86

Table 3.16. Summary of various fatty acid profiles of the phospholipids fatty acid fraction of
polymorphonucleocytes obtained from dairy cows [14 multiparous (M) and 20 primiparous (P)] that received
either the treatment of 10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT)
or control of 400 mg of monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value

: TRT x
(F;“/t{ (%C;' M P M P SEM! TRT TTFf;eX I,SrTit; Parity x

Time

S SFA? 450 444 443 420 13 017 033 047 015
5 UFA? 550 556 557 580 13 017 033 047 015
S MUFA* 243 212 200 196 16 003 024 032 012
S PUFAS 307 344 358 385 26 005 024 08 021
5 n-6° 282 319 339 346 24 006 024 049 012
5 n-37 25 25 19 38 06 046 082 003 022
n-6:n-3 191 144 207 109 13 044 042 004 <001
SFA:UFA 087  0.82 082 074 0.04 010 029  0.73 .

!Largest SEM reported

2SFA = saturated fatty acids

SUFA = unsaturated fatty acids

4“MUFA = monounsaturated fatty acids

SPUFA = polyunsaturated fatty acids

®n-6 = omega-6 fatty acids that included C18:2 trans, C18:2 cis, C18:3n6, C20:2, C20:3n6, C20:4, and C22:2
n-3 = omega-3 fatty acids that included C18:3n3, C20:3n3, C20:5 and C22:6



Table 3.17. Tagman® gene expression assay bovine primer/probe sets
used for real-time polymerase chain reactions.

Gene! Assay ldentification Accession Number
Peripheral Blood Mononuclear Cell
ICAM Bt03213910 g1 NM_174348.2
IL-1pB Bt03212745_m1l NM_174903.1
IL-6 Bt03211905 m1 NM_173923.2
TNF-a Bt03272017_m1 NM_001101152.2
Polymorphonucleocyte
SELL Bt03223211_m1l NM_174182.1
Endogenous Control
GAPDH Bt03210913 g1 NM_001034034.2
RPS9 Bt03272017_ml NM_001101152.2

ICAM: intercellular adhesion molecule, IL-1B: interleukin-1p, IL-6:

interleukin-6, TNF-o: tumor necrosis factor-a, SELL: L-selectin, GAPDH:

glyceraldehyde 3-phophate dehydrogenase, RPS9: ribosomal protein S9

87
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Table 3.18. Least square means of delta Ct values of intracellular adhesion molecule (ICAM), interleukin-13
(IL-1B), interleukin-6 (I1L-6) and tumor necrosis factor-a (TNF-a) 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/hd per day prepartum and were fasted for 8 h on d +3 postpartum (TRT) or control of 400 mg of
monensin/hd per day prepartum (CON) throughout the transition period.

TRT CON P - value
TRT x
Gene M p M P SEM! TRT  RTX TRT X bty
Time Parity -
Time
ICAM 8.4 7.3 8.7 7.2 0.4 0.91 0.23 0.61 0.32
IL-1B 5.7 3.7 4.7 3.1 0.4 0.04 0.26 0.40 0.24
IL-6 136  11.8 13.3 115 0.6 0.55 0.16 0.96 0.41
TNF-a 4.8 3.6 4.3 3.5 0.4 0.39 0.16 0.56 0.33

!l argest SEM reported
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Table 3.19. Least square means of delta Ct values of caspase-1 (CASP), interleukin-8 receptor (IL-8R), and L-
selectin (SELL) of polymorphonulceocytes obtained from dairy cows [14 multiparous (M) and 20 primiparous
(P)] that received either the treatment of 10 kg of corn/hd per day prepartum and were fasted for 8 h on d +3
postpartum (TRT) or control of 400 mg of monensin/hd per day prepartum (CON) throughout the transition

period.
TRT CON P - value
TRT x
Gene M p M P SEM! TRT  RTX TRT X bty
Time Parity -
Time
CASP 6.4 6.3 6.4 6.4 0.2 0.72 0.89 0.89 0.48
IL-8R -0.23 -0.64 0.43 -0.48 0.42 0.28 0.20 0.51 0.68
SELL 0.76  0.54 091 056 0.18 0.58 0.52 0.67 0.23

!l argest SEM reported



90

References

Aitken, S. L., E. L. Karcher, P. Rezamand, J. C. Gandy, M. J. VandeHaar, A. V. Capuco and
L. M. Sordillo. 2009. Evaluation of antioxidant and proinflammatory gene expression
in bovine mammary tissue during the periparturient period. J. Dairy Sci. 92:589-598.

Andrews, A. H., R. Laven and I. Maisey. 1991. Treatment and control of an outbreak of fat
cow syndrome in a large dairy herd. Vet. Rec. 129:216-219.

Asai, K., K. Kai, H. Rikiishi, S. Sugawara, Y. Maruyama, T. Yamaguchi, M. Ohta and K.
Kumagai. 1998. Variation in CD4C T and CD8C T lymphocyte subpopulations in
bovine mammary gland secretions during lactating and non-lactating periods. Vet.
Immunol. Immunopathol. 65:51-61.

Bauman, D. E., and C. L. Davis. 1974. Biosynthesis of milk fat. Lactation: A comprehensive
Treatise. New York. 2:31-75.

Bell, A. W. 1995. Regulation of organic nutrient metabolism during transition from late
pregnancy to early lactation. J. Anim. Sci. 73:2804-2819.

Benbrook, C. M., G. Butler, M. A. Latif, C. Leifert and D. R. Davis. 2013. Organic
Production Enhances Milk Nutritional Quality by Shifting Fatty Acid Composition: A
United States-Wide, 18-Month Study. PLoS ONE 8: €82429.

Bergen, W. G., and D. B. Bates. 1984. lonophores: Their effect on production efficiency and
mode of action. J. Anim. Sci. 58:1465-1483.

Bergin, D. A., E. P. Reeves, P. Meleady, M. Henry, O. J. McElvaney, T. P. Carroll, C.
Condron, S. H. Chotirmall, M. Clynes, S. J. O'Neill and N. G. McElvaney. 2010. a-1
Antitrypsin regulates human neutrophil chemotaxis induced by soluble immune
complexes and IL-8. J. Clin. Invest. 120:4236-4250.

Berning, L. M., M. J. Paape and R. R. Peters. 1993. Functional variation in endogenous and
exogenous immunoglobulin binding to bovine neutrophils relative to parturition. Am.
J.Vet. Res. 54:1145-1153.

Bernstein, I. L., E. M. Taylor, and K. L. Bentson. 1991. TNF-Induced anorexia and learned
food aversions are attenuated by area postrema lesions. Am. J. Physiol. 260:R906—
R910.

Bertics, S. J., R. R. Grummer, C. Cadorniga-Valino, D. W. LaCount, and E. E. Stoddard.
1992. Effect of prepartum dry matter intake on liver triglyceride concentration and
early postpartum lactation. J. Dairy Sci. 75:1914-1922.

Bertoni, G., E. Trevisi, A. R. Ferrari and A. Gubbiotti. 2006. The dairy cow performances can
be affected by inflammations occurring around calving. 57th EAAP Meeting. Antalya,
Turkey. 325.



91

Bielefeldt, O. H., M. Campos, M. Snider, N. Rapin, T. Beskorwayne, Y. Popowych, M. J.
Lawman, A. Rossi, and L. A. Babiuk. 1989. Effect of chronic administration of
recombinant bovine tumor necrosis factor to cattle. Vet. Pathol. 26:462—472.

Bradford, B.J., L. K. Mamedova, J. E. Minton, J. S. Drouillard and B. J. Johnson. 2009. Daily
injection of tumor necrosis factor-{alpha} increases hepatic triglycerides and alters
transcript abundance of metabolic genes in lactating dairy cattle. J. Nutrition
139:1451-1456.

Brenner, R. R. 1984. Effect of unsaturated acids on membrane structure and enzyme Kinetics.
Prog Lipid Res. 23(2):69-96.

Brown, W. C., A. C. Rice-Ficht, A. C. Estes and D. M. Estes. 1998. Bovine type 1 and type 2
responses. Vet. Immunol. Immunopathol. 63:45-55.

Bryant, C., and K. A. Fitzgerald. 2009. Molecular mechanisms involved in inflammasome
activation. Trends Cell Biol. 19:455-464.

Bryant, C. E., D. R. Spring, M. Gangloff and N. J. Gay. 2010. The molecular basis of the host
response to lipopolysaccharide. Nat Rev Microbiol. 8:8 -14.

Burton, J. L. and M. E. Kehrli Jr. 1995. Regulation of neutrophil adhesion molecules and
shedding of Staphylococcus aureus in milk of cortisol and dexamethasone-treated
cows. Am. J. Vet. Res. 56:997-1006.

Burton, J. L and R. J. Erkshire. 2003. Immunity and mastitis: some new ideas for an old
disease. The Veterinary Clinics of North America, Food animal practice. 19:1-45.

Busato, A., D. Faissle, U. Kupfer, and J. W. Blum. 2002. Body condition scores in dairy
cows: associations with metabolic and endocrine changes in healthy dairy cows. J.
Vet. Med. A 49:455-460.

Butterfield, T. A., T. M. Best and M. A. Merrick. 2006 The dual roles of neutrophils and
macrophages in inflammation: a critical balance between tissue damage and repair. J
Athl Train. 41:457-465.

Calder, P. C., J. A. Bond, D. J. Harvey, S. Gordon, and E. A. Newsholme. 1990. Uptake and
incorporation of saturated and unsaturated fatty acids into macrophage lipids and their
effect upon macrophage adhesion and phagocytosis. Biochem J. 269:807-814.

Calder, P. C. 2001. Polyunsaturated fatty acids, inflammation, and immunity. Lipids.
36:1007-1024.

Calder, P. C. 2005. Polyunsaturated fatty acids and inflammation. Biochem Soc Trans.
33:423-4217.

Calder, P. C. 2008. The relationship between the fatty acid composition of immune cells and
their function. Prostaglandins, Leukotrienes and Essential Fatty Acids. 101-108.



92

Cameron, R. E., P. B. Dyk, T. H. Herdt, J. B. Kaneene, R. Miller, H. F. Bucholtz, J. S.
Liesman, M. J. Vandehaar, and R. S. Emery. 1998. Dry cow diet, management, and
energy balance as risk factors for displaced abomasum in high producing dairy herds.
J. Dairy Sci. 81:132-139.

Carlson, G. P. and J. J. Kaneko. 1975. Intravascular granulocyte kinetics in developing calves,
Am. J. Vet. Res. 36:421-425.

Chilliard, Y., F. Glasser, A. Ferlay, L. Bernard, J. Rouel and M. Doreau. 2007. Diet, rumen
biohydrogenation and nutritional quality of cow and goat milk fat. Eur J Lipid Sci
Technol. 109:828-855.

Chu, A. J., M. A. Walton, J. K. Prasad and A. Seto. 1999. Blockade by polyunsaturated n-3
fatty acids of endotoxin-induced monocytic tissue factor activation is mediated by the
depressed receptor expression in THP-1 cells. J. Surg. Res. 87:217-224

Clogston, C. L., T. C. Boone, C. Crandall, E. A. Mendiaz and H. S. Lu. 1989. Disulfide
structures of human interleukiun-6 are similar to those of human granulocyte colony
stimulating factor. Arch. Biochem. Biophys. 272:144.

Colotta F., F. Re, N. Polentarutti, S. Sozzani and A. Mantovani. 1992. Modulation of
granulocyte survival and programmed cell death by cytokines and bacterial products.
Blood. 80:2012-2020.

Coppock, C. E., C. H. Noller, and S. A. Wolfe. 1974. Effect of forage-concentrate ratio in
complete feeds fed ad libitum on energy intake in relation to requirements by dairy
cows. J. Dairy Sci. 57:1371-1380.

Correa, M. T., C. R. Curtis, H. N. Erb, J. M. Scarlett and R. D. Smith. 1990. An ecological
analysis of risk factors for postpartum disorders of Holstein-Friesian cows from thirty-
two New York farms. J. Dairy Sci. 73: 1515-1524.

Coussens, P. M., N. Verman, M. A. Coussens, M. D. Elftman and A. M. McNulty. 2004.
Cytokine gene expression in peripheral blood mononuclear cells and tissues of cattle
infected with mycobacterium avium subsp. paratuberculosis: evidence for an inherent
proinflammatory gene expression pattern. Infection and Immunity 72:1409-1422.

Cox. G., J. Crossley and Z. Xing Z. 1995. Macrophage engulfment of apoptotic neutrophils
contributes to the resolution of acute pulmonary inflammation in vivo. Am. J. Respir.
Cell Mol. Biol. 12:232-237.

Dairy Records Management Systems. 2013. DHI glossary. Accessed Oct. 28, 2014.
http://www.drms.org/PDF/materials/glossary.pdf.

De Caterina, R., M. I. Cybulsky, S. K. Clinton, M. A. Gimbrone and P. Libby. 1994. The
omega-3 fatty acid docosahexaenoate reduces cytokine-induced expression of
proatherogenic and proinflammatory proteins in human endothelial cells. Arterioscler.
Thromb. Vasc. Biol. 14:1829-1836.



http://www.drms.org/PDF/materials/glossary.pdf

93

Dewhurst, R. J., K. J. Shingfield, M. R. F. Lee and N. D. Scollan. 2006. Increasing the
concentrations of beneficial polyunsaturated fatty acids in milk produced by dairy
cows in high-forage systems. Animal Feed Science and Technology. 131:168-206.

Diehl, S., and M. Rincon. 2002. The two faces of IL-6 on Th1/Th2 differentiation, Mol.
Immunol. 39:531-536.

Douglas, G. N., J. Rehage, A. D. Reaulieu, A. O. Bahaa, and J. K. Drackley. 2007. Prepartum
nutrition alters fatty acid composition in plasma, adipose tissue, and liver lipids of
periparturient dairy cows. J. Dairy Sci. 90:2941-2959.

Drackely, J. K. 1999. Biology of dairy cows during the transition period: the final frontier? J.
Dairy Sci. 82: 2259-2273.

Duffield, T. F., A. R. Rabiee and I. J. Lean. 2008a. A meta-analysis of the impact of monensin
in lactating dairy cattle. Part 1. Metabolic effects. J. Dairy Sci. 91:1334-1346.

Duffield, T. F., A. R. Rabiee and I. J. Lean. 2008b. A meta-analysis of the impact of
monensin in lactating dairy cattle. Part 2. Production effects. J. Dairy Sci. 91:1347-
1360.

Edmondson, A. J., I. J. Lean, L. D. Weaver, T. Farver and G. Webster. 1989. A body
condition scoring chart for Holstein dairy cows. J. Dairy Sci. 72:68-78

Elwood, P. C., J. E. Pickering, D. I. Givens and J. E. Gallacher. 2010. The consumption of
milk and dairy foods and the incidence of vascular disease and diabetes: an overview.
Lipids 45: 925-939.

Fitzpatrick, J. L., P. J. Cripps, A. W. Hill, P. W. Bland and C. R. Stokes. 1992. MHC class Il
expression in the bovine mammary gland. Vet. Immunol. Immunopathol. 32:13-23.

Fried, S. K., D. A. Bunkin and A. S. Greenberg. 1998. Omental and subcutaneous adipose
tissues of obese subjects release interleukin-6: depot difference and regulation by
glucocorticoid. J. Clinical Endocrinology and Metabolism. 83:847-850.

Fronk, T. J., L. H. Schultz, and A. R. Hardie. 1980. Effect of dry period overconditioning on
subsequent metabolic disorders and performance of dairy cows. J. Dairy Sci. 63:1080-
1090.

Garnsworthy, P. C. and J. H. Topps. 1982. The effect of body condition of dairy cows at
calving on their food intake and performance when given complete diets. Anim Prod.
35:113-119.

Goff, J. P. 2006. Major advances in our understanding of nutritional influences on bovine
health. J. Dairy Sci. 89:1292-1301.

Glasser, F, P. Schmidely, D. Sauvant, and M. Doreau. 2008a. Digestion of fatty acids in
ruminants: A meta-analysis of flows and variation factors. 1. C18 fatty acids. Animal
2:691-704.



94

Glasser, F., A. Ferlay and Y. Chilliard. 2008b. Oilseed lipid supplements and fatty acid
composition of cow milk: a meta-analysis. J. of Dairy Sci. 91:4687-4703.

Grummer, R. R., S. J. Bertics, D. W. LaCount, J. A. Snow, M. R. Dentine, and R. H.
Stauffacher. 1990. Estrogen induction of fatty liver in dairy cattle. J. Dairy Sci.
73:1537-1543.

Grummer, R. R. 1993. Etiology of lipid-related metabolic disorders in periparturient dairy
cows. J. Dairy Sci. 76:3882-3896.

Grummer, R. R., D. G. Mashek, and A. Hayirli. 2004. Dry matter intake and energy balance
in the transition period. Vet Clin Food Anim. 20:447-470.

Hauguel-de Mouzon, S. and M. Guerre-Millo. 2006. The placenta cytokine network and
inflammatory signals. Placenta 27:794-798.

Hong, S., K. Gronert, P. Devchand, R. L. Moussignac and C. N. Serhan. 2003. Novel
docosatrienes and 17S-resolvins generated from docosahexaenoic acid in murine
brain, human blood, and glial cells. Autacoids in anti-inflammation. J. Biol. Chem.
278:14677-14687.

Huczynski, A., J. Janczak, D. Lowicki, B. Brzezinski. 2012. Monensin A acid complexes as a
model of electrogenic transport of sodium cation. Biochimica et Biophysica Acta —
Biomembranes. 1818:2108-2119.

Ingvartsen, K. L., J. Foldager, and O. Aaes. 1997. Effect of prepartum TMR energy
concentration on feed intake, milk yield, and energy balance in dairy heifers and cows.
J. Dairy Sci. 80:211(Abstr.).

Ingvartsen, K. L., N. C. Friggens, and F. Faverdin. 1999. Feed intake regulation in late
pregnancy and early lactation. Br. Soc. Anim. Sci. Occ. Publ. 24:37-54.

Ingvartsen, K. L., R. J. Dewhurst, and N. C. Friggens. 2003. On the relationship between
lactational performance and health: Is it yield or metabolic imbalance that cause
production diseases in dairy cattle? A position paper. Livest. Prod. Sci. 83:277-308.

Ismail, H. I., Y. Hashimoto, Y. Kon, K. Okada,W. C. Davis and T. Iwanaga. 1996.
Lymphocyte subpopulations in the mammary gland of the goat. Vet. Immunol.
Immunopathol. 52:201-212.

Jain, N.C. 1986. Schalm’s Veterinary Hematology. 4th ed. Lee and Febiger, Philadelphia, PA.
676-730.

Janovick, N. A., and J. K. Drackley. 2010. Prepartum dietary management of energy intake
affects postpartum intake and lactation performance by primiparous and multiparous
Holstein cows. J. Dairy Sci. 93:3086-3102.

Jarrige, R. 1986. Voluntary intake in dairy cows and its prediction. Int. Dairy Fed. Bull.
196:4-16.



95

Jones, S. A. 2005. Directing transition from innate to acquired immunity: defining a role for
IL-6. J Immunol. 175:3463-3468.

Kaplanski, G., V. Marin, F. Montero-Julian, A. Mantovani and C. Farnarier. 2003. IL-6: a
regulator of the transition from neutrophil to monocyte recruitment during
inflammation. Trends Immunol. 24:25-29.

Kawakami, Y., H. Okada, Y. Murakami, T. Kawakami, Y. Ueda, D. Kunii, Y. Sakamoto, Y.
Shiratori, M. Okita. 2007. Dietary Intake, Neutrophil Fatty Acid Profile, Serum
Antioxidant Vitamins and Oxygen Radical Absorbance Capacity in Patients with
Ulcerative Colitis. J. Nutr. Vitaminol. (Tokyo). 53:153-1509.

Kehrli Jr., M. E., M. E. Nonnecke and J. A. Roth. 1989. Alterations in bovine neutrophil
function during the periparturient period. American Journal of Veterinary Research.
50:207-214.

Kehrli, M. E., J. L. Burton, B. J. Nonnecke and E. K. Lee. 1999. Effects of stress on leukocyte
trafficking and immune responses: Implications for vaccination. Adv. Vet. Med.
41:61-81.

Kettritz, R., M. L. Gaido, H. Haller, F. C. Luft, C. J. Jennette and R. J. Falk. 1998.
Interleukin-8 delays spontaneous and tumor necrosis factor alpha-mediated apoptosis
of human neutrophils. Kidney Int. 53:84-91.

Kimura, K., J. P. Goff, and M. E. Kehrli Jr. 1999. Effects of the presence of the mammary
gland on expression of neutrophil adhesion molecules and myeloperoxidase activity in
periparturient dairy cows. J. Dairy Sci. 82:2385-2392.

Kronfeld, D. S. 1982. Major metabolic detenninants of milk volume, mammary efficiency,
and spontaneous ketosis in dairy cows. J. Dairy Sci. 65:2204.

Lagerlof, N. 1929. Investigations of the topography of the abdominal organs in cattle, and
some clinical observations and remarks in connection with the subject. Skand.
Veterinartids 19:253-365.

Langhans, W., D. Savoldelli, and S. Weingarten. 1993. Comparison of the feeding responses
to bacterial lipopolysaccharide and interleukin-1b. Physiol. Behav. 53:643-649.

Lee, E. K. and M. Kehrli. 1998. Expression of adhesion molecules on neutrophils of
periparturient cows and neonatal calves. Am. J. Vet. Res. 59:37-43.

Lee, T. H., J. M. Mencia-Huerta, C. Shih, E. J. Corey, R. A. Lewis and K. F. Austen. 1984.
Characterization and biologic properties of 5,12-dihydroxy derivatives of
eicosapentaenoic acid, including leukotriene B5 and the double lipoxygenase product.
J. Biol. Chem. 259:2383-2389.

Loor, J. J., R. E. Everts, M. Bionaz, H. M. Dann, D. E. Morin, R. Oliveira, S. L. Rodriguez-
Zas, J. K. Drackley and H. A. Lewin. 2007. Nutrition-induced ketosis alters metabolic



96

and signaling gene networks in liver of periparturient dairy cows. Physiological
Genomics 32:105-116.

Lourenco, M., E. Ramos-Morales and R. J. Wallace. 2010. The role of microbes in rumen
lipolysis and biohydrogenation and their manipulation. Animal. 4:1008-1023.

Madsen, S. A., L. C. Chang, M. C. Hickey, G. J. Rosa, P. M. Coussens, and J. L. Burton.
2004. Microarray analysis of gene expression in blood neutrophils of parturient cows.
Physiol. Genomics 16:212-221.

Martinon, F. and J. Tschopp. 2004. Inflammatory caspases: linking an intracellular innate
immune system to autoinflammatory diseases. Cell 117:561-574.

McClenahan, D., J. Fagliari, O. Evanson and D. Weiss. 2000. Role of inflammatory mediators
in priming, activation, and deformability of bovine neutrophils. Am. J. Vet. Res.
61:492-498.

McLoughlin, R. M., B. J. Jenkins, D. Grail, A. S. Williams, C. A. Fielding, C. R. Parker, M.
Ernst, N. Topley, S. A. Jones. 2005. IL-6 trans-signaling via STAT3 directs T cell
infiltration in acute inflammation. Proc. Natl Acad. Sci. USA 102:9589-9594.

McKevith, B. 2005. Nutritional aspects of oilseeds. British Nutrition Foundation Nutrition
Bulletin. 30:13-26.

Miles, E.A., F. A. Wallace and P. C. Calder. 2000. Dietary fish oil reduces intercellular
adhesion molecule 1 and scavenger receptor expression on murine macrophages.
Atherosclerosis 152:43-50.

Miller, N., L. Delbecchi, D. Petitclerc, G.F. Wagner, B.G. Talbot and P. Lacasse. 2006. Effect
of Stage of Lactation and Parity on Mammary Gland Cell Renewal. J. Dairy Sci.
89:4669-4677.

Miller, R. H., A. J. Gundry, M. J. Paape, A.M. Dulin and L. A. Fulton. 1988. Relationship
between immunoglobulin concentrations in milk and phagocytosis by bovine
neutrophils. Am. J. Vet. Res. 49:42-45.

Mitchaothai, J., H. Everts, C. Yuangklang, S. Wittayakun, K. Vasupen, S. Wongsuthavas, P.
Srenanul, R. Hovenier and A. C. Beyen. 2008. Digestion and deposition of individual
fatty acids in growing-finishing pigs fed diets containing either beef tallow or
sunflower oil. J Anim Physol Anim Nutr (Berl). 92:502-210.

Moser, B.R., and S. F. Vaughan. 2010. Evaluation of alkyl esters from Camelina sativa oil as
biodiesel and as blend components in ultra low sulfur diesel fuel. Bioresource
Technol. 101:646-653.

Mukesh, M., M. Bionaz, D. Graugnard, D. E. Drackley and J. J. Loor. 2010. Adipose tissue
depots of Holstein cows are immune responsive: inflammatory gene expression in
vitro. Domestic Animal Endocrinology. 38:168-178.



97

Muylle E., C. van den Hende, B. Sustronck and P. Deprez. 1990. Biochemical profiles in
cows with abomasal displacement estimated by blood and liver parameters. J. Vet.
Med. A 37: 259-263.

Netea, M. G., A. Simon, F. van de Veerdonk, B. J. Kullberg, J. W. M. Van der Meer and L.
A. B. Joosten. 2010. IL-1p processing in host defense: beyond inflammasomes. PLoS
Pathog. 6:€1000661.

Niemialtowski, M., B. J. Nonnecke, and S. P. Targowski. 1988. Phagocytic activity of milk
leukocytes during chronic staphylococcal mastitis. J. Dairy Sci. 71:768-787.

Oliver, S. P., and L. M. Sordillo. 1989. Approaches to the manipulation of mammary
involution. J. Dairy Science. 72:1647-1664.

Oviedo-Boyso, J., J. J. Valdez-Alarcon, M. Cajero-Juarez, A. Ochoa-Zarzosa, J. E. Lopez-
Meza, A. Bravo-Patino, and V. M. Baizabal-Aguirre. 2007. Innate immune response
of bovine mammary gland to pathogenic bacteria responsible for mastitis. J. Infect.
54:399-4009.

Paape, M. J., D. W. Carroll, A. J. Kral, R. H. Miller, and C. Desjardins. 1974. Corticosteroids,
circulating leukocytes, and erythrocytes in cattle: Diurnal changes and effects of
bacteriologic status, stage of lactation, and milk yield on response to
adrenocorticotropin. Am. J. Vet. Res. 35:355-362.

Paape, M. J. and A. J. Guidry. 1977. Effect of fat and casein on intracellular killing of
Staphylococcus aureus by milk leukocytes. Proc. Soc. Exp. Biol. Med. 155:588-593.

Paape, M. J., W. P. Wergin, A. J. Guidry and R. E. Pearson. 1979. Leukocytes--second line of
defense against invading mastitis pathogens, J. Dairy Sci. 62:135-153.

Paape, M. J., P. M. Rautiainen, E. M. Lilius, C. E. Malstrom and T. H. Elsasser. 2002.
Development of anti-bovine TNF-alpha mAb and ELISA for quantitating TNF-alpha
in milk after intramammary injection of endotoxin. J. Dairy Sci. 85:765-773.

Paape, M. J., D. B. Bannerman, X. Zhao and J. W. Lee. 2003. The bovine neutrophil:
structure and function in blood and milk. Vet Res. 34:597-627.

Parham, P. 2009. The immune system. 3" ed. Garland Science, Taylor & Francis Group, New
York.

Peterson, L. D., N. M. Jeffery, F. Thies, P. Sanderson, E. A. Newsholme and P. C. Calder.
1998. Eicosapentaenoic and docosahexaenoic acids alter rat spleen leukocyte fatty
acid composition and prostaglandin E2 production but have different effects of
lymphocyte functions and cell-mediated immunity. Lipids 33:171-180.

Pisani, L. F., C. Lecchi, G. Invernizzi, P. Sartorelli, G. Savoini and F. Ceciliani. 2009. In vitro
modulatory effect of omega-3 polyunsaturated fatty acid (EPA and DHA) on
phagocytosis and ROS production of goat neutrophils. Vet. Immunol. Immunopathol.
131:79-85.



98

Quehenberger, O., A. M. Armando, A. H. Brown, S. B. Milne, D. S. Myers, A. H. Merrill et
al. 2010 Lipidomics reveals a remarkable diversity of lipids in human plasma. J. Lipid
Res. 51: 3299-3305.

Richardson L. F., A. P. Raun, E. L. Potter, C. O. Cooley and R. P. Rathmacher. 1976. Effect
of monensin on rumen fermentation in vitro and in vivo. J. Anim. Sci. 43:657-664.

Robinson. 1993. Dietary omega-3 polyunsaturated fatty acids inhibit phosphoinositide
formation and chemotaxis in neutrophils. J. Clin. Invest. 91:651-660.

Ruef. C., and D. L. Coleman. 1990. Granulocytes macrophage colony-stimulating factor:
pleiotropic cytokine with potential clinical usefulness. Rev. Infect. Dis. 12:41.

Russell, J. B. 1987. A proposed mechanism of monensin action in inhibiting ruminal bacterial
growth: effects on ion flux and protonmotive force. J. Anim Sci. 64:1519-1525.

Sander, A. K., M. Piechotta, G. Schlamberger, H. Bollwein, M. Kaske, A. Sipka, and H. J.
Schuberth. 2011. Ex vivo phagocytic overall performance of neutrophilic granulocytes
and the relation to plasma insulin-like growth factor-1 concentrations in dairy cows
during the transition period. J. Dairy Sci. 94:1762-1771.

Sauer, F. D., J. K. G. Kramer and W. J. Cantwell. 1989. Antiketogenic effects of monensin in
early lactation. J. Dairy Sci. 72:436-442.

Schelling, G. T. 1984. Monensin mode of action in the rumen. J. Anim. Sci. 58:1518-1527.

Seo, J., J. S. Osorio and J. J. Loor. 2013. Purinergic signaling gene network expression in
bovine polymorphonuclear neutrohils during the peripartal period. J. Dairy Sci. 96:1-
9.

Serhan, C. N., C. B. Clish, J. Brannon, S. P. Colgan, K. Gronert and N. Chiang. 2000. Anti-
microinflammatory lipid signals generated from dietary N-3 fatty acids via
cyclooxygenase-2 and transcellular processing: a novel mechanism for NSAID and N-
3 PUFA therapeutic actions. J. Physiol. Pharmacol. 4:643-654.

Shafer-Weaver, K. A., G.M. Pighetti and L. M. Sordillo. 1996. Diminished mammary gland
lymphocyte functions parallel shifts in trafficking patterns during the postpartum
period. Proc. Soc. Exp. Biol. Med. 212:271-280.

Shrikant, P., I. Y. Chung, M. E. Ballestas and E. N. Benveniste. 1994. Regulation of
intercellular adhesion molecule-1 gene expression by tumor necrosis factor-alpha,
interleukin-1 beta, and interferon-gamma in astrocytes. J. Neuroimmunol. 51:209-220.

Sordillo, L. M., K. L. Streicher, I. K. Mullarky, J. C. Gandy, W. Trigona, and C. M. Corl.
2008. Selenium inhibits 15-hydroperoxyoctadecadienoic acid-induced intracellular
adhesion molecule expression in aortic endothelial cells. Free Radic. Biol. Med.
44:34-43.



99

Sordillo, L. M., G. M. Pighetti, and M. R. Davis. 1995. Enhanced production of bovine tumor
necrosis factor-alpha during the periparturient period. Vet. Immunol. Immunopathol.
49:263-270.

Spector, A. A., and M. A. Yorek. 1985. Membrane composition and cellular function. J. Lipid
Res. 26:1015-1035.

Sperling, R. I., A. I. Benincaso, C. T. Knoell, J. K. Larkin, K. F. Austen and D. R.

Thomas, K. M., L. Taylor and J. Navarro. 1991. The interleukin-8 receptor is encoded by a
neutrophil-specific cONA clone, F3R. J. Biol. Chem. 266:14839-14841.

Trevisi, E., M. Amadori, S. Cogrossi, E. Razzuoli, G. Bertoli. 2012. Metabolic stress and
inflammatory response in high-yielding, periparturient dairy cows. Research in
Veterinary Science. 93: 695-704.

Tyburczy, C., A. L. Lock, D. A. Dwyer, F. Destaillats, Z. Mouloungui, L. Candy, and D. E.
Bauman. 2008. Uptake and utilization of trans octadecenoic acids in lactating dairy
cows. J. Dairy Sci. 91:3850-3861.

van de Stolpe, A., and P. T. van der Saag. 1996. Intercellular adhesion molecule-1. J. Mol.
Med. 74:13-33.

Van-Miert, A. S., C. T. van-Duin, and T. Wensing. 1992. Fever and acute phase response
induced in dwarf goats by endotoxin and bovine and human recombinant tumour
necrosis factor alpha. J. Vet. Pharmacol. Ther. 15:332-342,

Veenhuizen, J. J., J. K. Drackley, M. J. Richard, T. P. Sanderson, L. D. Miller, and J. W.
Young. 1991. Metabolic changes in blood and liver during development and early
treatment of experimental fatty liver and ketosis in cows. J. Dairy Sci. 74:4238-4253.

Wagstrom, E. A., K. J. Yoon and J. L. Zimmerman. 2000. Immune components in porcine
mammary secretions. Viral Immunol. 13:383-397.

Wallace, F. A., E. A. Mile and P. C. Calder. 2003. Comparison of the effects of linseed oil
and different doses of fish oil on mononuclear cell function in healthy human subjects.
Br. J. Nutr. 89:679-689.

Wang, Y., M. J. Paape, L. Leino, A. V. Capuco and H. Narva. 1997. Functional and
phenotypic characterization of monoclonal antibodies to bovine L-selectin. Am. J.
Vet. Res. 58:1392-1401.

Wang, Y. Q., S. B. Puntenney, J. L. Burton and N. E. Forsberg. 2007. Ability of a commercial
feed additive to modulate expression of innate immunity in sheep immunosuppressed
with dexamethasone. Animal 1:945-951.

Wang, Y. Q., S. B. Puntenney, J. L. Burton and N. E. Forsberg. 2008. Use of gene profiling to
evaluate the effects of a feed additive on immune function in periparturient dairy
cattle. J Anim Physiol Anim Nutr. 93:66-75.



100

Zamet, C. N., V. F. Colenbrander, C. J. Callahan, B. P. Chew, R. E. Erb, and N. J. Moeller.
1979. Effect of dietary forages and disorders on voluntary intake of feed, body weight
and milk yield. Theriogenology. 11:229-244.

Zammit, V. A. 1990. Ketogenesis in the liver of ruminants-adaptations to the challenge. J.
Agric. Sci. (Carnb.) 115:155.

Zuckerman, L. A., L. Pullen and J. Miller. 1998. Functional consequences of co-stimulation
by ICAM-1 on IL-2 gene expression and T cell activation. J. Immunol. 160:3259-
3268.



101

Appendix

University of Idaho
Animal Care and Use Committee

Date: Thursday, November 29, 2012

To: Pedram Rezamand

From: University of Idaho

Re:  Protocol 2011-24
Effect of elevated lipid mobilization on fatty acid composition of blood and immune
cells

Your requested amendment to the animal care and use protocol shown above was reviewed
and approved by the University of Idaho on Thursday, November 29, 2012,

This protocol was originally submitted for review on: Thursday, December 16, 2010
The original approval date for this protocol is: Wednesday, January 19, 2011

This approval will remain in affect until: Friday, November 29, 2013

The protocol may be continued by annual updates until: Sunday, January 19, 2014

Comments

Your request to increase animal numbers to 40 head per pen due to space constraints at the
dairy has been approved.

Federal laws and guidelines require that institutional animal care and use committees review
ongoing projects annually. For the first two years after initial approval of the protocol you
will be asked to submit an annual update form describing any changes in procedures or
personnel. The committee may, at its discretion, extend approval for the project in yearly
increments until the third anniversary of the original approval of the project. At that time, the
protocol must be replaced by an entirely new submission.

Brad Williams, DVM
Campus Veterinarian
University of Idaho
208-885-8958



