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Abstract

The transition period in dairy cows is charactatibg dramatic increases in nutrient
requirements for lactation and substantial metatsitess. The disturbed metabolic balance,
coupled with suppressed immune function, contribtbemarkedly elevated incidence of health
disorders. Several lines of evidence suggest tlcaeéased inflammation is common during the
transition period. Unlike the classical inflammatiassociated with acute infection, the
postpartum inflammatory state is low-grade androftemetabolic origin. This metabolic
inflammation plays a key role in numerous disorgarsimproved understanding of
inflammatory pathways in transition cows may imgr@ur ability to predict and prevent
disorders. To mimic metabolic inflammation, in Ekpeent 1, we administered low amounts of
recombinant bovine tumor necrosis faciofrtbTNFa), a pro-inflammatory cytokine, to early
lactation cows, and evaluated whether rb&Nfects milk production, metabolism, and health.
We found that roTNé& administration increased systemic inflammatiorcreased feed intake
and milk yield, and increased incidence of disssd@onversely, preventing excessive
inflammation has the potential to improve produtyiand health of dairy cows. To identify
nutritional strategies that could enhance metabméiad immunity, we evaluated the efficacy of
several feed additives. In Experiment 2, we evaldiaffects of chromium propionate, rumen-
protected lysine and methionine, or both on metalyolhnd immunity in lactating dairy cows,
and found that supplementation of these nutrierstg @mhance neutrophil function. In
Experiment 3, we determined whether supplementatigieast product to transition cows could
enhance production, metabolism, and immunity, aoad that yeast product modulated feeding
behavior, metabolism, immunity, and uterine inflaatimn. Overall, a greater understanding of
the role of metabolic inflammation in the trangitiperiod and the nutritional strategies that

could modulate these signals may improve the promluand health of dairy cows.
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control P = 0.15), linear dosd”(= 0.28), quadratic dos® & 0.35), or treatment x dal &
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effects. There was a treatment x dBy<(0.01) effect, reflecting that yeast product &irig
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(P =0.03), but no yeast product vs. cont®H0.16), linear dosé’(= 0.73), dayR =
0.61), or treatment x day & 0.42) effects. Values are least squares me&ts\, n = 10.
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effects. (B) The was a day effe€t € 0.01). Values are least squares means + SEM3-n =
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There was a day effed? « 0.01), but no yeast product vs. cont®0.60), linear dose>(
=0.71), quadratic dos® & 0.77), or treatment x dal & 0.35) effects. (E-HA\eutrophil
myeloperoxidase: There were dayR = 0.01) and linear dos® & 0.05) effects, but no yeast
product vs. controlR = 0.20), quadratic dos® & 0.54), or treatment x dal? € 0.61)
effects. (G-H)Neutrophil elastase: There were dayR= 0.01), yeast product vs. contrél (
=0.01), and linear dos® E& 0.03) effects, but no quadratic doBe=(0.25) or treatment x
day P = 0.62) effects. Values are least squares me&its\t, n = 35-37 (A, C, E, G) or 8-
(O (=T 0 I = = ) T TP 187
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Chapter 1 - Literature Review

Introduction

The transition from late gestation to early lactatis often the most problematic period
in the production cycle of dairy cows. In an attegpcope with dramatic nutrient and energy
requirements for milk production, cows experierreenendous metabolic stress. The disturbed
metabolic balance, coupled with suppressed immunetibn around parturition, contributes to
markedly elevated incidence of metabolic disor@ers infectious diseases during this time.
Therefore, the transition period directly deternsitiee lactational performance, health, and
profitability of dairy cows; it is critical to del@p effective nutritional strategies that could
enhance the metabolism and immunity of transitions

Among other diseases, early-lactation cows expeei@articularly high rates of mastitis,
metritis, displaced abomasum, ketosis, and fatgr liAlthough these issues have been the focus
of much research in recent decades, the etiologlyaske diseases is not completely understood.
With the physiological stress and metabolic charlgasaccompany the processes of parturition
and the initiation of lactation, increased inflantioa is common during the postpartum period.
Inflammation is known to play a major role in infiecis diseases and recent research has
suggested that it is involved in metabolic diseasewell. An improved understanding of the
role of inflammatory pathways in early-lactationnsomay improve our ability to prevent
disorders.

This literature review will first describe the chateristics of nutrient metabolism and
immune function in transition dairy cows. It wilén explore the roles of “classical” and

“metabolic” inflammation in diseases, particulattiye impact of inflammation on the



metabolism, health, and production of transitiowsoFinally, it will discuss several nutritional

strategies that could potentially modulate the Imgiam and immunity in dairy cows.

Characteristics of Transition Cows

1. Lipid Metabolism

The transition from late gestation to early lactatis characterized by dramatic nutrient
and energy requirements for milk synthesis andesiecr, substantial metabolic stress, and
endocrine changes. In the meantime, feed intakftéa depressed, leading to negative energy
balance status (Grummer, 1995). In responses tertbgy deficit, cows mobilize adipose
tissue, resulting in dramatic elevation of non-gféel fatty acid (NEFA) concentrations in the
blood. The liver takes up the high flux of blood Wicand often exceeds its capacity to
completely oxidize NEFA to CQresulting in partial oxidation to form ketonesesterification
to form triglyceride (TG) within hepatocytes (Gruram2008). Excessive production and
accumulation of ketones often lead to ketosis, Wisacharacterized by elevated blood
concentrations df-hydroxybutyrate (BHBA), depressed appetite, ancteBsed milk production
(Oetzel, 2007). Furthermore, because ruminantgaficient at exporting TG out of the liver,
excessive TG accumulation or fatty liver occurstdses and fatty liver affect up to 50% of dairy
cows, compromising health and production (Bobd.ef804; Oetzel, 2007). These health issues
are also associated with increased incidence dipfeibther disorders or diseases, including
displaced abomasum, mastitis, and metritis, whogether create a costly epidemic of transition

cow disorders (Bobe et al., 2004; Drackley, 199&hough lipid metabolism in transition cows



has been extensively studied, the mechanisms ynitpthe development of these metabolic

disorders are not fully understood.

2. Glucose Metabolism

In response to metabolic demands of lactationfghairements for glucose increase
dramatically during the transition period. For exden estimated glucose demand is
approximately 1 kg/d during the last 21 d of gestgtbut increases dramatically after parturition
to approximately 2.5 kg/d at 21 d postpartum (Qwmerii998). Most of this increased glucose
requirement must be met via hepatic gluconeogeneghish is of great importance in ruminants
at all times, providing the majority of necessalycgse (Young, 1977). Simultaneously, as part
of the homeorhetic adaptation, glucose oxidatiopdxypheral tissues is decreased (Bennink et
al., 1972) to direct glucose to the mammary glamwddctose synthesis. The primary substrate to
support gluconeogenesis is propionate from runfarahentation; yet because early-lactation
cows often experience inadequate feed intake, ngegtucose needs can be a tremendous
challenge. Besides propionate, other substratdsilooting to gluconeogenesis include lactate
from Cori cycling, amino acids from protein catabol or net absorption, and glycerol released
from adipose tissue mobilization (Seal and Reynd@83). The contributions to net liver
glucose release have been estimated to be from &% for propionate, 20 to 30% for amino
acids, and only 2 to 4% for glycerol during thengiéion period (Reynolds et al., 2003). Cows
adapt to early lactation by increasing the capaaity efficiency of glucose synthesis from
multiple substrates. For example, compared with grgpartum, propionate conversion to

glucose by liver slices was increased by 19 and a@Béol and 21 postpartum, respectively; and



hepatic capacity to convert {£€] alanine to glucose was approximately doubled éuiately
postpartum (Overton et al., 1998).

Metabolic disorders, particularly fatty liver andtisis, have been associated with
decreased gluconeogenesis (Cadorniga-Valino €t997; Veenhuizen et al., 1991), but there is
no clear mechanism explaining this associationeBas the evidence that inflammatory
cytokines, such as tumor necrosis factdlf NFo), can promote liver fat accumulation (Feldstein
et al., 2004) and alter gluconeogenesis (da Racak, 2013), we hypothesized that
inflammatory signals may link fatty liver to decsea glucose production in dairy cows. In fact,
our previous research found that TdNiRfusion induced liver TG accumulation and reduced
liver gluconeogenic gene expression in late-laotatiows (Bradford et al., 2009), but the effect
of TNFa administration on liver glucose production penses not assessed. If inflammatory
cytokines impair glucose production in early-laicatcows or those with naturally occurring
fatty liver, the resulting glucose deficiency wolikkly further increase adipose mobilization

and exacerbate metabolic disorders.

3. Immunosuppression

Infectious diseases reduce profitability throughrdased production efficiency and
increased morbidity and mortality. Mastitis hasrbesported to reduce whole-lactation milk
yield by almost 600 kg (Rajala-Schultz et al., 199d is also an important risk factor for
involuntary culling (Groéhn et al., 1988). Risk oféctions of the mammary gland (mastitis) or
uterus (metritis) increases dramatically duringtthesition period. Although the etiologies of
infectious and metabolic disorders differ, theres\@asignificant association between their

occurrences. For example, milk fever increasesl@raie of clinical mastitis by over 5-fold



(Curtis et al., 1985), suggesting that there aterg@l interactions between transition cow
metabolism and immune function.

The increased incidence and severity of diseastitransition period are partially due
to suppressed immune function, or immunosuppres3iois immune dysfunction is broad in
scope and affects multiple functions of various inma cell types. Wheh. coli were
administered into the mammary gland, transitionsewperienced more rapid bacterial growth
and greater bacterial concentrations comparedmithlactation cows (Shuster et al., 1996).
Among other immune cells, neutrophils are the fire of inmune defense, and decreased
neutrophil function is a main characteristic of mrpd immunity in transition cows. Upon
maturation in bone marrow, neutrophils are releasedcirculation and perform key functions
for successful immune surveillance and defensenagpathogens, including margination,
migration, phagocytosis, respiratory burst, andaegjation (Burton and Erskine, 2003). Each
of these steps must work rapidly and effectivelglear infections. For example, impaired
margination and migration may partially explain tmephil dysfunction in early-lactation cows.
Circulating neutrophils use adhesion moleculesh siscL-selectin, for vascular margination.
Kimura et al. (1999) reported that expression @klectin on neutrophils was dramatically
decreased at calving, correlating well with thegsuof blood cortisol, a potent
immunosuppressive hormone. This reduced L-seleafimession would inhibit neutrophil
margination and depress neutrophil recruitment m#&gnmary glands of newly calved cows,
increasing the risk of mastitis. Other studies haported that compared with blood neutrophils
isolated from mid-lactation or late-lactation cowsutrophils in early-lactation cows have
decreased ability to generate reactive oxygen spdollowing phagocytosis of opsonized

particles (Mehrzad et al., 2001; Cai et al., 1994ken together, impaired neutrophil trafficking,



phagocytosis, and killing may directly contributeinmunosuppression and increased disease
incidence in transition cows (Kehrli et al., 1989).

The cause of immunosuppression in the transitislogés not completely understood,
but is related to endocrine and metabolic facteos.example, elevated glucocorticoids around
parturition are partially responsible for immunogtgssion (Burton et al., 1995). Also, changes
in estradiol and progesterone concentrations poicalving may affect immune function (Weber
et al., 2001). Kimura and colleagues (1999) repbtitat compared with mastectomized cows,
the presence of the mammary gland and its subsemetabolic demands slowed recovery of
neutrophil function postpartum, suggesting thatabelic factors associated with lactation
exacerbated immunosuppression. Negative energpd®mblaay also contribute to immune
dysfunction. In fact, markers associated with epelegficiency, including NEFA and ketones,
have been implicated in impaired immunity. Concatdns of NEFA similar to that reported in
transition cows, decreased neutrophil respiratangtoactivityin vitro (Ster et al., 2012). Field
studies also suggest that elevated NEFA and ketmoesid parturition increase the risk of
clinical mastitis, displaced abomasum, metritig] egtained placenta (Moyes et al., 2009;

Ospina et al., 2010).

Inflammation

1. Classical | nflammation
Underlying many physiological and pathological msses, inflammation is an adaptive
response that is triggered by adverse stimuli @mdlitions, such as infection and tissue injury

(Medzhitov, 2008). Classical inflammation is definey the signs of redness, swelling, heat, and



pain. In response to inflammatory stimuli, the bodlgn increases the release or expression of
inflammatory mediators that are critical for bo#seular changes and leukocyte infiltration
(Newton and Dixit, 2012). Some of the key mediatetsased by activated immune cells include
cytokines, chemokines, adhesion molecules, eicadganand plasma proteins. These molecules
form complex regulatory networks and promote inseebblood flow to the infected tissue and
immune cell infiltration and activation, and thdgastimulate systemic responses, including
increased body temperature, increased heart radlejecreased appetite (Dantzer and Kelley,
2007). Cytokines such as ThFnterleukin (IL) 13, and IL-6 are produced by many cell types,
especially by macrophages and mast cells. Theyiplpgrtant roles in the inflammatory
response, including activation of the endotheliurd Eeukocytes and induction of the acute-
phase response (Bannerman, 2009). Eicosanoidsegpra@nother class of inflammatory
mediators. They are fatty acid-derived molecule=rtaxg complex control over inflammation,
and can either enhance (such as certain type®osfgglandins, prostacyclins, thromboxanes,
and leukotrienes) or resolve (such as resolvireptins, and maresins) inflammatory response
depending on their types and timing of express&urdillo et al., 2009).

In dairy cows, the most costly inflammatory disemsseastitis, which commonly results
from microbial infection of the mammary gland (Banman et al., 2009). If the infection is
caused by Gram-negative bacteria, lipopolysaccbdtiBS) released from the bacteria outer
membrane is the main pathogen component initiatiftigmmatory responses (Hogan and Smith,
2003). At the initiation of immune response, tlgation of LPS to toll-like receptor (TLR) 4
initiates a signal transduction pathway that atéisa complex cascade of inflammatory
mediators released by host immune and epithelilsl (®allou, 2012; Erskine, 1995). The TLR4

pathways are known to eventually activate the tnapson factor nuclear factarB (NF-«B),



which is considered the master regulator of inflaaian controlling the expression of hundreds
of immune-associated genes (Ghosh and Hayden, 280@ated NF«B subsequently enters
the nucleus and bind to target promoters, orchasréhe synthesis of a whole battery of
inflammatory genes (Akira and Takeda, 2004). Intitissthe production of pro-inflammatory
cytokines, including IL-8, IL-6, IL-8, and TNFe, are increased by LPS in an XB-dependent
manner (Schukken et al., 2011). These cytokinggth@r with other inflammatory mediators,
elicit the migration of leukocytes (primarily neophils) to the site of infection (i.e. mammary
gland). Once they reach the afflicted tissue, rogils become activated and release the toxic
contents of their granules, including reactive axygpecies, reactive nitrogen species,
proteinase, and elastase. These highly potentteffeare important to facilitate the clearance of
pathogens, but they may also promote the breakadwlood-milk barrier and induce mammary
epithelial tissue damage (Schukken et al., 2011¢. feduced number and activity of secretory
cells consequently contribute to decreased milkl®sis and secretion (Schukken et al., 2011).
Cytokines can also directly elicit pro-inflammataignals by binding to their receptors.
For example, in response to T§H NF receptor-1 (TNFR1) and TNFR2 are activatedding
to the activation of several distinct signalinghpeays, including NReB, activator protein 1
(AP-1), and Caspases pathways (Baud and Karin,)2001the initiation of NF<B signaling,
TNFR-associated death domain (TRADD) binds to TNF&M recruits TNF receptor-
associated factor 2 (TRAF2) and receptor-intergdtinase (RIP). TRAF2 in turn recruits and
eventually activates inhibitor of N&B kinase (IKK). In nonstimulated cells, N&B is bound to
an inhibitory protein#Ba and sequestered in the cytoplasm. In the activgirocess,dBa is
phosphorylated by IKK and then degraded; subsefuéhe liberated NReB is translocated to

the nucleus to mediate the transcription of a aasty of proteins involved in cell survival,



proliferation, and inflammatory responses (Wajdrdle 2003; Hacker and Karin, 2006).
Stimulation of TNFR1 can also lead to a strongvatitbn of the apoptotic pathway, and there is
increasing evidence that the NB-and the apoptotic pathway are tightly connectW¥djant et

al., 2003). Furthermore, TNFcan induce strong activation of the stress-relatddn N-terminal
kinase (JNK) group and the p38- mitogen-activatedgin kinase (p38-MAPK). These
pathways are also involved in cell differentiatipnpliferation, apoptosis, stress, and
inflammation (Wajant et al., 2003). The precisehpatys of TNF signaling have not been
described in bovine diseases.

In addition to mastitis, infection of the uterusalso common in the early-lactation
period. Essentially all cows have bacterial conterion of the uterus within 3 wk after calving,
and the majority of them have at least one formpathology of the reproductive tract (LeBlanc
et al., 2011). Metritis is a severe inflammatorgaton (often occurs with the first week of
lactation) involving all layers of the uterus, rkgg in systemic signs of sickness, including
fever, watery foul-smelling uterine discharge, éna milk production (LeBlanc, 2008).
Endometritis is the inflammation of uterus surfapghelium without systemic illness, occurring
later than 3 wk postpartum. Histologically, endomtistis characterized by disruption of the
endometrial epithelium, inflammatory cell infiltrah, and vascular congestion (LeBlanc, 2008).

Although a controlled inflammatory process normédigds to recovery from infection, a
dysregulated (such as septic shock) or chronianmfhatory condition can also be detrimental.
Therefore, in an ideal acute inflammatory respoageapid resolution phase following the

elimination of the infectious agents is necessklgdzhitov, 2008).



2. Metabolic Inflammation

Although inflammation is part of the protective hossponse to infection and injury,
inappropriate inflammation leads to many adverdearues. Indeed, systemic low-grade chronic
inflammation occurs in a wide variety of diseasesluding obesity and type 2 diabetes. The
chronic inflammation associated with metabolic dios is also referred to as metabolic
inflammation (Hotamisligil, 2006). In contrast tassical inflammation that is induced by
infection and injury, metabolic inflammation seetnde associated with tissue malfunction. In
light of the world epidemic of obesity, extensiesearch has been conducted to explore the role
of metabolic inflammation in this disorder. Thenmefol will use obesity as an example to
describe the characteristics of metabolic inflamamatin obesity, metabolic inflammation is
orchestrated by metabolic cells in response tosxnatrients and energy, and the hallmarks are
as follows (Gregor and Hotamisligil, 2011).

First, this inflammatory response is induced byieat signals and orchestrated by
metabolic tissues (such as adipocytes, liver, gassrand brain), and in turn impairs metabolic
homeostasis. Research demonstrated that an armafjaofimatory cytokines, including TN
IL-6, IL-1p, and others are increased in obese adipose tidotanisligil et al., 1995; Shoelson
et al., 2006). Second, the response is low-gradepmtrast to the acute inflammation observed
in infection, the elevated inflammatory responsesetabolic tissues are often modest and local.
Third, it creates an environment with modified casition of immune cells promoting a
proinflammatory status. For example, one key featdobesity is increased infiltration of
macrophage into the adipose tissues. Comparedhdgtiean state, there is a 5-fold increase in
adipose tissue macrophage content in the obese wi#tt macrophages constituting up to 50%

of the cells in obese adipose tissue (Weisbery,e2@06). In addition, macrophages shift from
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an anti-inflammatory M2 type to a proinflammatoryl M/pe, which in turn decrease insulin
sensitivity (Olefsky and Glass, 2010). Emerginglenice suggests that the profiles of other
immune cells, including B and T lymphocytes, masisg and natural killer T cells, are also
altered in obese adipose tissues (Johnson eDaR; 2iu et al., 2009; Ohmura et al., 2010),
creating an environment favorable to immune aatwvatThese data indicate that multiple types
of immune cells are involved in the response tontle¢abolic stress, together leading to
metabolic pathophysiology. Fourth, it is a chrostiate without clear resolution. In contrast to
acute inflammation where rapid response and rasaloiccur, metabolic inflammation appears
to develop gradually and remain unresolved.

It is known that in classical inflammatory respa)geathogens often engage a cell
signaling pathway to initiate an immune responsawv s metabolic inflammation initiated?
Although the initiating factor of this inflammatios not completely clear, metabolic cells seem
to be capable of engaging inflammatory signalingesponse to abnormal signals (Gregor and
Hotamisligil, 2011). For example, excess nutrientsbesity can engage the pathogen-sensing or
immune response pathways, such as TLR anaBIBignaling, to produce cytokines in response
to metabolic stress signals (Gregor and HotamisR@il1). Specifically, the roles of
glucotoxicity, lipotoxicity, stress kinases, andleplasmic reticulum stress in shaping the
immune response in adipose tissue were all higtdtyn recent research (Johnson et al., 2012).

In summary, metabolic inflammation represents adpade chronic inflammatory
response initiated by excess nutrients in metaloelis. This response eventually activates
multiple types of immune cells and leads to an swiked tissue inflammatory response. This
inflammatory response often disrupts metabolisrmleghanisms such as inhibiting insulin

action. Nevertheless, inflammation is an adaptesponse that attempts to restore functionality
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and homeostasis. In the case of transient abnaomalitions, a successful acute inflammatory
response often provides benefits; however, if theamal conditions are sustained, the response

can become maladaptive.

3. Inflammatory Statusin Transition Cows

With the physiological stress and metabolic charlgasaccompany the processes of
parturition and the initiation of lactation, incesal inflammation is common during the
postpartum period. Unlike the inflammation ass@adawith acute infection, the postpartum
inflammatory state is often low-grade without thassical signs of inflammation, consistent
with the concept of metabolic inflammation (Hotaligis 2006). A recent study (Sabedra, 2012)
using 161 transition cows found that serum acusselprotein haptoglobin was elevated around
parturition, even in cows that were apparently thgalcows that experienced diseases or calving
difficulties had significantly greater concentraisocompared with healthy animals. In addition
to increased haptoglobin in the serum, evidencgestg that the mRNA or protein abundance of
haptoglobin was also increased in liver and adipigsee in the first week of lactation (Saremi et
al., 2012), indicating elevated inflammatory signabstpartum are often systemic and not
limited to a specific focal organ.

The association between inflammation and bovineabwic diseases is well established.
Ametaj et al. (2005) reported that plasma concéotrs of inflammatory markers, including
haptoglobin and serum amyloid A, were elevatedinsthat developed fatty liver; plasma
TNFa concentration prior to parturition was positivedyated to postpartum liver lipid
concentration. Similarly, Ohtsuka et al. (2001)e®ed increased serum Tl Ectivity in cows

with moderate to severe fatty liver. To furtherestigate causality, several studies have
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evaluated direct effects of inflammation on metabfinction. Oral administration of interferon-
a daily during the last 2 wk prepartum increasedkaia of inflammation and plasma ketone
concentrations postpartum (Trevisi et al., 2009pcsitaneous injection of low dose TiNfor 7
days increased liver TG content by 2-fold in |latethtion dairy cows (Bradford et al., 2009).
The changes in the patterns of gene expressidreiliver were also consistent with the increase
in fatty acid uptake and storage, and a decreafsdtinacid oxidation. These data indicate that
inflammation disrupts metabolism, and may be a rmedm underlying the development of fatty
liver.

Inflammation may negatively impact production. Bgasuring a panel of inflammatory
markers and separating transition cows into qearfibr degree of inflammation, Bertoni et al.
(2008) reported cows in the highest quartile hgdicantly lower (by 20%) milk yields than
those in the lowest quartile throughout the firsintin of lactation. Similarly, postpartum plasma
concentrations of haptoglobin greater than 1.1vggke associated with 947 kg decrease in 305-
day mature equivalent milk yield (Huzzey et al.12)) These data seem to be consistent with the
concept that in response to inflammation, whicbfisn associated with decreased energy intake,
cows divert resources away from milk production towlard survival (Ballou, 2012). On the
other hand, several studies showed that anti-inflatory treatments improved long-term
production. Trevisi and Bertoni (2008) found thgpiain treatment over the first 5 d postpartum
increased milk yield through the first 60 d of ktadbn, with a 13% increase in peak milk yield.
Our laboratory recently reported that administraitd sodium salicylate (123 g/cow daily) via
individual water bowls during the first 7 d postipan increased 305-d milk yield by 2,469 kg
(21% increase) and milk fat by 130 kg (30% incr¢ase3rd parity cows compared with the

same parity controls (Farney et al., 2013).
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Despite the potential harmful effects of inflammoati certain amounts of inflammation
may be necessary to facilitate the adaptation aébwdic and physiological changes in the
transition period. Perhaps the most well known etspkeinflammation is its role in clearance of
pathogens and resolution of infections. Given thatincidence of infections increases
dramatically in early lactation, activation of iafhmatory pathways may help cows fight off
diseases. One key mechanism to support copioussymlthesis and secretion in dairy cows is
insulin resistance, which diverts the nutrients yatvam peripheral adipose tissue and muscle to
the mammary gland (Bell, 1995). The mechanismstmy this adaptive insulin resistance in
early lactation are not clear. Because inflammadibmuscle and adipose tissue is tightly linked
to insulin resistance in many metabolic scenai@segaard and Chawla, 2013), it is possible
that endogenous inflammation in early lactationgsded to promote insulin resistance as
nutrient demands for the mammary gland increasethf&m key role of inflammation in the
transition cow is to facilitate calving. Parturities characterized by a massive influx of
macrophages and neutrophils into the myometrium;groinflammatory environment promotes
the dilation of the cervix, contraction of the wterrupturing the fetal membranes, and expulsion
of the placenta (Challis et al., 2009).

Taken together, inflammation plays a crucial rolenammalian physiological and
pathological functions. An increased inflammata@te is common in transition dairy cows.
This mild inflammation may support the cow’s alyilib fight against infection, redistribute
glucose for lactation, and facilitate the procdgsanturition. On the other hand, excessive
inflammation may decrease feed intake, exacerbatabulic imbalances, promote health

disorders, and impair lactation. Therefore, tofidisorders and improve production, it is

14



necessary to identify and promote a healthy degir@dlammation while minimize the

pathological aspects of inflammation in transitcaws.

Nutritional Strategies to Modulate Metabolism and mmunity

1. Chromium

Chromium (Cr) is an essential nutrient that modrdahetabolism. Supplementation of
Cr in cattle increased milk production (Hayirliadt, 2001; McNamara and Valdez, 2005; Smith
et al., 2005), improved glucose clearance andimseinsitivity (Bunting et al., 1994; Spears et
al., 2012; Sumner et al., 2007), reduced lipol{Bessong, 1996; Bryan et al., 2004), altered
adipose tissue metabolism (McNamara and ValdeZ;)2@dd modulated immune response
(Burton et al., 1993; Burton, 1995; Burton et #096). Most studies evaluating effects of Cr
supplementation on dairy cattle metabolism have lseaducted in the transition period. Hayirli
et al. (2001) reported that supplementing cows ®;jtB.03, 0.06, and 0.12 mg/kg BWof Cr
as chromium-L-methionine (Cr-Met) from 21 d prepartto 28 d postpartum did not affect
prepartum plasma glucose or glucagon concentratimrisncreased insulin and decreased
NEFA. After parturition, none of these measures aféacted by Cr except for decreased plasma
insulin. Smith et al. (2008) reported that suppletagon of 0.03 mg/kg BW°of Cr as Cr-Met
increased prepartum plasma glucose and glucagaectrations, and tended to decrease
prepartum plasma NEFA concentrations compared eiftter 0 or 0.06 mg of Cr/kg of BW>
these metabolites were unaffected by Cr postpamynfieeding Cr-propionate (CrPr) to dairy
cows from 21 d prepartum to 35 d postpartum, McNanaad Valdez (2005) increased dry

matter intake and milk yield in early lactationtdrestingly, they also observed that CrPr
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dramatically increased adipose tissue lipogenesigpared to that of controls in the postpartum
period. Collectively, these results indicate theRiOnay improve production by modulating
metabolism of lactating cows.

One important characteristic of Cr is its modubateffect on insulin sensitivity. It is
established that Cr supplementation alleviatedimsesistance, enhances glucose tolerance, and
improves metabolism in obese or type 2 diabetigesib (Cefalu et al., 2010; Kim et al., 2011a;
Wang and Cefalu, 2010). Although the mode of adsamot precisely known, Cr has been
shown to enhance insulin binding, insulin receptaundance, and pancrediicell sensitivity
(Wang and Cefalu, 2010). In dairy cows, there heenhnterest in effects of Cr supplementation
on insulin sensitivity in the transition period (feet al., 1993), when insulin resistance typically
occurs (Bell and Bauman, 1997). Subiyatno et &9¢) found that supplementation of 0.5 mg
Cr/kg dry matter beginning 6 wk prepartum increassdlin sensitivity in primiparous but not
multiparous dairy cows at 2 wk before parturitibtayirli et al. (2001) reported that Cr-Met
supplementation from 21 d prepartum to 28 d poiparmproved glucose tolerance and insulin
responsiveness measured at 28 d postpartum inpamdtis dairy cows. Therefore, by
modulating insulin action, Cr may have significanplications for health and production of
dairy cows.

Several studies have highlighted the role of Gvamine immunity. Burton et al. (1993)
reported that Cr supplementation at 0.5 mg Cr/kgnaiatter from 6 wk prepartum through 16 wk
postpartum increased antibody responses to ovatbadministration and mitogen-stimulated
blastogenesis of blood monocytes in lactating camwaddition, TNk and IL-2 production from
mitogen-stimulated monocytes was significantly dased for cows supplemented with Cr

compared with controls, particularly around peaitdaon (Burton et al., 1996). Together, these
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results suggest thatipplemental Cr may modulate immune function anthbwdism of dairy

COWS.

2. Yeast Product

Yeasts are unicellular fungi known for the abilibyferment sugars for the production
ethanol. The most commercially significant yeasé&Saccharomyces cerevisiae. These
organisms have long been used to ferment stargtothuce alcoholic beverages and in
baking industry to expand, raise, or dough (Sclene004). In humans, yeast is often taken
nutritional supplement because it is an excelleurce of protein and vitamins (Schneit
2004). In ruminants, yeas$dccharomyces cerevisiae) or yeast cultures have been added to
in an attempt to improve ruminal fermentation, fagdke, and milk yield. Dann et al. (20C
reported that yeast d¢ure supplementation at 60 g/d from 21 d prepattmdd0 d postpartur
improved dry matter intake during both the lastptepartum (9.8 vs. 7.7 kg) and the first 4
of lactation (13.7 vs. 11.9 kg) in Jersey cowsadidition, compared with control arals, cows
supplemented with yeast culture reached peak mi#uyction more quickly. The effects of ye
product supplementation on intake, production, rmden fermentation characteristics w
inconsistent among different studies. Desnoyesad. €20(9) conducted a quantitative m-
analysis using 157 experiments to assess the resgto yeast supplementation. Thfound that
yeast producsupplementation increased rumen pH (+0.03),-tract organic matte
digestibility (+0.8%), dry matter intak(DMI, +0.44g/kg of body weight), milk yield (+1 g/kg
of body weight), and tended to increase milk fatteat (+0.05%). These results indicate

yeast supplementation may modulate the metaboligmnaprove the production of dairy co
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Recent findings suggest yeast products may enhamoeane function. Kim et al.

(2011b) reported that neonatal calves fed hydralysast had enhanced acute phase response,
antibody production, and health scores when chgdéldrwith live vaccines, compared with
control. Such responses are often attributed efthenproved energy status via effects on
digestive function or on activation of the immuiystem through cell sensing of yeast
components in the gut. One overlooked aspect afetsigonse to yeast is the potential to
specifically influence mucosal immunity. Mucosatfages of the intestinal, respiratory, and
urinary tracts are the most common route of entryiorobial pathogens into the host. Epithelial
cells that line mucosal surfaces are important raeicial barriers to prevent most microbes
found in the environment, including commensal mies, from entering epithelial cells
(Kagnoff and Eckmann, 1997). Indeed, production sextetion of immunoglobulin A (IgA)

into the gut lumen provide the “first line of deg&ri against enteric pathogens by preventing
colonization of the mucosal surface (Winner etE#91). A recent study (Zanello et al., 2011)
found that yeast modulated gene expression invatvatflammation and immune cell

activation in porcine intestinal epithelial cel&pecifically, yeast decreased the expression of
pro-inflammatory transcripts and proteins (inclglh-6 and IL-8) induced biz. coli.

In summary, interest in yeast products for daingstas expanded beyond a focus on
altering ruminal fermentation and improving prodoict There are intriguing data suggesting
that dietary yeast can improve energy status amnauine function, particularly during
physiological challenges. This raises the possittifiat yeast supplementation can be used to

address the most critical aspects of cow heatimguhie transition period.
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3. Bioactive Fatty Acids

Bioactive fatty acids are important for the norrpaysiological functions and health of
humans and domestic animals. As a class of longrdatly acids, omega-3 fatty acids include
a-linolenic acid, eicosapentaenoic acid (EPA), andodahexaenoic acid (DHA), which are
known to suppress inflammatory pathways. A numibeecent studies have evaluated the use of
flaxseed or fish oil-derived products to increasdaty supply of omega-3 fatty acids. Lessard et
al. (2003) reported that feeding transition cowthvlexseed (a source aflinolenic acid)
increased serum omega-3 fatty acid concentratiom ® postpartum, the lymphocyte
proliferative response of cows fed flaxseed wasiced compared with cows received omega-6
fatty acid supplements, suggesting an anti-inflanonyseffect was achieved. On the other hand,
Thatcher and colleagues have attempted to promwteine function in the transition period by
supplementing calcium salts of omega-6 fatty acidgead of omega-3 fatty acids. Increasing the
ratio of omega-6 to omega-3 fatty acids increakedotoduction of hydrogen peroxide and
phagocytosis of bacteria by neutrophils, and alsceiased plasma concentrations of acute phase
proteins (Silvestre et al., 2011). Although an @ased neutrophil function may improve the
ability of immune system to fight off infection esfated acute phase protein markers may also
indicate metabolic inflammation, which could pos$gimpair metabolic function (Bertoni et al.,
2008; Bradford et al., 2009). Therefore, furtheidgs are needed to investigate if such an
approach would benefit the clinical outcomes afisfaon cows.

In addition to dietary fatty acid supplementatitive profiles of blood NEFA may also
greatly impact immunity and metabolism. Increagruglence suggests that transition cows
experience not only elevated blood NEFA concermratibut also modified NEFA compositions.

At the time around parturition, the saturated faitids (e.g. palmitate and stearate) and the
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monounsaturated oleic acid are the predominarddip plasma NEFA, whereas there is a
decrease in EPA and DHA (Sordillo and Raphael, 20M3ese NEFA compositional changes
can directly influence the fatty acid profiles ofmune cells (Contreras et al., 2010), which may
in turn alter immune function. For example, sateddatty acids can enhance proinflammatory
pathways through the activation of MB-(Kennedy et al., 2009). Conversely, EPA and DHA
possess potent anti-inflammatory effects by adtigaG protein-coupled receptor 120 (Oh et al.,
2010). In addition, changes in NEFA compositionldaffect immunity by modifying the

profile of eicosanoids produced. In general, einof#s generated from omega-6 fatty acids tend
to promote inflammation, and those derived from gaa8 fatty acids tend to promote the
resolution of inflammation (Serhan, 2009). Therefatrategies that can modify blood lipid
concentrations and composition, such as bioacattg &cid supplementation, may also modulate

the immunity and metabolism of dairy cows.

Conclusions

The transition period in dairy cows is charactetibg dramatic nutrient and energy
requirements for lactation, substantial metabdhess, and negative energy balance. In an
attempt to adapt to the metabolic demands, cowsase lipid mobilization and hepatic
gluconeogenesis. Inadequate adaptation is oftetiassd with metabolic disorders, such as
fatty liver and ketosis. Partially because of tietudbed endocrine and metabolic balance, the
immune function in transition dairy cows is suppgexs leading to increased incidence of
infectious diseases. Therefore, effective nutraiastrategies that could enhance the metabolism

and immunity of transition cows may improve thedurction and health of these animals.

20



With the metabolic stress and changes that accoyrtbarprocesses of calving and the
initiation of lactation, increased inflammationcemmon during the postpartum period.
Inflammation plays a major role in infectious disea and has been suggested to be involved in
metabolic diseases as well. An improved understandi the role of inflammatory pathways in
early lactation cows may improve our ability toyeet disorders.

The overall objectives of this dissertation werealgxplore the impact of low-grade
metabolic inflammation on metabolism, health, armtpction in early-lactation cows, and 2) to
investigate nutritional strategies that could po&ly modulate immunity and metabolism. In
Experiment 1 Chapter 2), we tested whether exogenous TNEeIministration promotes
inflammation, impairs glucose and lipid metaboligmd affects milk production and health in
early-lactation dairy cows. In Experiment@h@pter 3), we evaluated the effects of
supplemental chromium propionate and amino acidsubrent metabolism and neutrophil
activation in lactating dairy cows. In ExperimeniChapter 4 and5), we determined the effects
of yeast product supplementation on milk productferding behavior, metabolism, immunity,
and uterine inflammation in transition dairy covsgreater understanding of the role of
inflammation in the transition period and the runal strategies that could modulate immunity

and metabolism may improve the health and prodaafalairy cows.
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Abstract

Inflammation may be a major contributing factopripartum metabolic disorders in
dairy cattle. We tested whether administering dlammmatory cytokine, recombinant bovine
tumor necrosis factar-(rbTNFo), affects milk production, metabolism, and healtining this
period. Thirty-three Holstein cows (9 primiparousl&4 multiparous) were randomly assigned
to 1 of 3 treatments at parturition. Treatmentsen@{Control), 1.5, or 3.0g/kg body weight
rbTNFo, which were administered once daily by subcutaséojection for the first 7 days of
lactation. Statistical contrasts were used to etalthe treatment and dose effects of rbdNF
administration. Plasma TNFconcentrations at 16 h post-administration teriddzk increased
(P < 0.10) by rbTNk administration, but no dose effeBt ¥ 0.10) was detected; roTNF
treatments increase® € 0.01) concentrations of plasmagtoglobin. Most plasmeicosanoids
were not affectedR > 0.10) by rbTNk administration, but 6 out of 16 measured eicosimoi
changedP < 0.05) over the first week of lactation, reflactielevated inflammatory mediators in
the days immediately following parturitioBry matter and water intake, milk yield, and mi f
and protein yields were all decreasBd<(0.05) by rbTNl treatments by 15 to 18%.
Concentrations of plasma glucose, insuiydroxybutyrate, non-esterified fatty acids,
triglyceride, 3-methylhistidine, and liver triglyade were unaffected?(> 0.10) by rbTNk
treatment. Glucose turnover rate was unaffedded .18) by ro TNk administration. The
higher dose of roTN&tended to increase the risk of cows developingarmaore health
disorders P = 0.08). Taken together, these results indicaedatministration of roTNddaily
for the first 7 days of lactation altered inflamrgtresponses, impaired milk production and
health, but did not significantly affect liver thygeride accumulation or nutrient metabolism in

dairy cows.

34



Key words: Inflammation; tumor necrosis factor; gluconeogé&asattle; metabolic disease

35



Introduction

The periparturient period in dairy cows is charazezl by substantial metabolic stress,
endocrine changes, depressed feed intake, andveegatergy balance (Grummer, 1995). In
response to these changes, dairy cows mobilizeselifissue triglyceride (TG), leading to
elevated non-esterified fatty acid (NEFA) concetndres in the blood. The high flux of blood
NEFA to the liver often exceeds the capacity ofliber to completely oxidize NEFA to GO
resulting in partial oxidation to form ketones stezification to form TG within hepatocytes
(Grummer, 2008)Excessive production of ketones often leads togigtavhich is characterized
by elevated blood concentrationspefiydroxybutyrate (BHBA), depressed appetite, and
decreased milk production (Oetzel, 2007). Furtheemibecause ruminants are inefficient at
exporting TG from the liver, excessive TG accumalabr fatty liver occurs. Ketosis and fatty
liver affect up to 50% of dairy cows, compromisprgduction, health, and reproduction (Oetzel,
2007; Bobe et al., 2004). Gluconeogenesis is atgneportance at all times in ruminants,
providing up to 90% of the necessary glucose (Yod8F7). Meeting glucose needs can be a
tremendous metabolic challenge for early-lactatiamy cows, which often experience
inadequate feed intake. Although lipid and glucestabolism in periparturient cows has been
extensively studied, the mechanisms underlyinglthelopment of these metabolic disorders
are not fully understood.

Inflammatory mediators play critical roles in imnityrand metabolism, and recent
research has suggested that inflammation is inddlvenetabolic disorders as well. For
example, obesity is associated with a chronic loadg inflammatory state in multiple metabolic
tissues including adipose, liver, muscle, pancraad,brain (Gregor and Hotamisligil, 2011).

Compared with lean controls, obese mice had inecekevels of adipose tissue tumor necrosis
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factora (TNFa), a potent cytokine capable of triggering inflantang responses (Hotamisligil et
al., 1995). In dairy cows, fatty liver was assoetatvith increased plasma inflammation markers,
including haptoglobin and serum amyloid A (Ametagak, 2008). Although a recent study
reported that plasma concentrations of GNif-periparturient cows were decreased postpartum
compared with prepartum (Schoenberg et al., 2@é&yated activity of serum TNFwas

observed in cows with moderate to severe fatty [{@Ghtsuka et al., 2001). In light of these
findings, we hypothesized that chronic low-grade&ammation may be a mechanism underlying
bovine fatty liver. In fact, we found that low-ldvedministration of the recombinant bovine
TNFa (rbTNFa) for 7 d promoted liver inflammation and TG accuation (Bradford et al.,

2009). However, late-lactation animals were usettha work, and it is unclear if this model is
applicable to cows in the first week of lactatiamen fatty liver naturally occurs. Beyond direct
promotion of fatty liver, hepatic inflammation malgso affect glucose production. Bradford et al.
(2009) reported that rbTNFadministration reduced liver gluconeogenic gena&ssion in late-
lactation cows. If inflammatory cytokines impaiugbse production in early-lactation animals,
the resulting hypoglycemia would likely increas@pade TG mobilization and metabolic
disorders.

We hypothesized that metabolic stress in earlyatamt cows is exacerbated by
inflammatory challenge, thereby adversely affecpngduction and health. Therefore, the
objective of this study was to determine whethergexous rbTN& administration promotes
inflammation and TG accumulation, impairs glucorexugsis, alters lipid metabolism, and
affects milk production and health status in egalstation dairy cows. A greater understanding
of the pathological impact of inflammatory pathwayshese animals may improve our ability to

prevent metabolic disorders and increase production
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Materials and Methods

The Kansas State University Institutional Animar€and Use Committee approved all

experimental procedures.

Design and Treatments

A recombinant expression vector encoding the sedretrm of bovine TNE& (Entrez
Protein Accession AAB84086.1, region 77—233) wagaessed irescherichia coli and purified
by a commercial laboratory (GenScript Corp., Pewaty, NJ). Purity of the isolated roTNF
was verified by SDS-PAGE, and endotoxin was remawadg polymyxin B until contamination
was less than < 1 ElJg protein. Thirty-three Holstein cows (9 primipascand 24 multiparous;
body condition score: 3.26 = 0.31, body weight 2483 kg; mean + SD) were randomly
assigned to 1 of 3 treatments at parturition. Tneatts were balanced within parity, and dystocia
did not differ by treatment (calving difficulty ses: 1.36, 1.18, and 1.18 + 0.5 for Control, 1.5
ug/kg and 3.Qug/kg TNF, respectively; 1 to 5 scale, with 1 = nfficllty). Treatments (dose per
d) were no rbTNE (Control; 10% glycerol in saline), 1 rbTNFo/kg body weight in saline
with 10% glycerol, and 3.0g rbTNFa/kg body weight in saline with 10% glycerol. Thekises
are slightly less and slightly more, respectivétan the 2.Qug/kg dose that was previously
shown to alter hepatic nutrient metabolism in latacows (Ohtsuka et al., 2001). Glycerol was
included in the solution to improve solubility dfet roTNFe protein. Cows were injected
subcutaneously once daily (1600 h) for the firgtaf lactation. Cows were milked 3 times daily

(0400, 1200, and 2000 h) in a milking parlor andl thgice daily (0800 and 1600 h) fad
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libitumintake of a diet formulated to meet National Rede&ouncil (NRC, 2001) nutrient

requirements. Ingredient and nutrient compositibtihe diet are shown in Table 1.

Sample and Data Collection and Analysis

Feed I ntake, Milk Production, Energy Balance, and Health Monitoring
During the 7-d experimental period, intake of femd water and milk yield were

recorded daily. Milk samples were collected fromh t 7 of treatment at each of the 3 milkings
for analysis of milk components. Samples were amalfor concentrations of fat, true protein,
lactose (B-2000 Infrared Analyzer; Bentley Instrumselnc., Chaska, MN), urea nitrogen (MUN
spectrophotometer, Bentley Instruments Inc.), amdatic cells (SCC 500, Bentley Instruments
Inc., Heart of America DHIA, Manhattan, KS). Songatell linear score was calculated as
described by Shook (1993): kjgomatic cell count/100) + 3. Energy balance wasutated for
each cow using the following equation from NRC (BO@&nergy balance = net energy intake —
(net energy of maintenance + net energy of lactatidet energy intake = dry matter intake x
net energy density of the diet (NRC, 2001); nergyef maintenance = 0.08 x body weiyf
net energy of lactation = [(0.0929 x fat %) + (@5« protein %) + (0.0395 x lactose %)] x
milk yield. In all equations, energy is expressed/ical and mass in kg.

Cows were monitored daily for health status. Keteghs recorded when urine
acetoacetate exceeded 80 mg/dL on any day or 4@Lnigy 2 consecutive days (Ketostix;
Bayer Corp. Diagnostics Division, Elkhart, IN). leewas diagnosed when a cow had a rectal
temperature greater than 39.4°C. Other disordedsseases, including mastitis, metritis, and

milk fever, were diagnosed according to the gurdediby Kelton et al. (1998).
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Plasma Metabolites and Hormones

Blood samples were collected from coccygeal vestalg (0800 h) in 2 tubes, one
containing potassium EDTA and the other contaipiatassium oxalate with sodium fluoride as
a glycolytic inhibitor (Vacutainer; Becton DickinsoFranklin Lakes, NJ). Blood was
centrifuged at 2,000 g for 10 min immediately after sample collectiondgiiasma was frozen
at -20°C until further analysis. Plasma samplekectdd daily during the 7-d treatment period
were analyzed for NEFA (NEFA-HR; Wako Chemicals UBA., Richmond, VA), glucose (kit
#439-90901; Wako Chemicals USA Inc.), BHBA (kit #87-58; Pointe Scientific Inc., Canton,
MlI), and TG (#10010303; Cayman Chemical, Ann Arbal). Plasma samples collected on d O,
3, 5, and 7 of treatment were analyzed for @N&n ELISA method described by Farney et al.,
2011), insulin (ELISA kit #10-1201-01; Mercodia ABppsala, Sweden), and haptoglobin
(ELISA kit #2410-7; Life Diagnostics, West ChesteA). Plasma samples collected on d 7 of
treatment were analyzed for 3-methylhistidine. Siasprere prepared by mixing 50Q of
plasma with 50Q.L of Seraprep (Pickering Labs, Mountain View, CAfdrozen overnight.

The deproteinized plasma was then thawed, vortex@ticentrifuged at 17,000g<or 10 min.
The resulting supernatant was analyzed for 3-mkistydiine using Li cation exchange
chromatography and detection by fluorimetry follagripost column derivitization with o-
phthalaldehyde. The HPLC column and all reagentsedurents were purchased from Pickering
Labs (Mountain View, CA). Column flow rate was 053mL/min and column temperature was
maintained at 3&. Injection volumn was 10 pL. Eluent 1 (Li357) was for 5 min then eluent
2 (Li750) for 15 min and eluent 3 (RG003) for 5 mililme column was then re-equilibrated back
to eluent 1 for 20 min. Post column derivitizatiwwas performed using a post column mixing T

at a flow rate of 0.375 mL/min using 950 mL OPAugiht (OD104) containing 0.3 g o-

40



phthalaldehyde, 2.0 g Thiofluor, and 3 mL 30% B8} The fluorimeter excitation was set to

330 nm and emission to 465 nm.

Plasma Eicosanoids

Plasma samples collected on d 0, 1, 3, and 5 atinvent were analyzed for eicosanoids
as previously described (Farney et al., 2011).i*déasamples (500L) were mixed with 1 mL
ice cold methanol, GL antioxidant/reducing agent containing EDTA, bagdroxytoluene,
triphenylphosphine, and indomethacin4mL), 200uL of a mixture of internal standards, and
1 uL of formic acid. Sample mixtures were centrifugadi°C for 10 min at 3,000 ¢ and the
supernatant was used for solid-phase extractiolguirata-X SPE columns (Phenomenex Inc.,
Torrance, CA). Eicosanoids were isolated usings8rdit ultra-high—pressure liquid
chromatography (UPLC) and mass spectrometry (UPL®)-Methods. Both methods used
reverse-phase liquid chromatography on an Acquiry.© BEH C18 1.7-um column
(2.1 x 100 mm; Waters Corp., Milford, MA) at a floate of 0.6 mL/min at 35°C and a single-
guadrupole H-class Acquity SQD mass spectrometeleictrospray negative ionization mode
(Waters Corp.). The electrospray voltage was —3d0d the turbo ion spray source temperature
was 450°C. Nitrogen was used as the drying agemte&ch method, a 10-pL sample was
injected 3 consecutive times using a 10-pL injectamp. An isocratic mobile phase consisting
of acetonitrile/water/formic acid (45/55/0.01; wail/vol) with an analysis time of 15 min was
used to measure leukotrieng BTB,), thromboxane B(TXB.), prostaglandin E(PGE),
prostaglandin FH{PGRF), lipoxin A4, resolvin O, and resolvin B The second method used an
isocratic mobile phase of acetonitrile/methanoléudérmic acid (47.4/15.8/26.8/0.01;

vol/vol/vol/vol) and an analysis time of 10 mindoalyze 9-hydroxyoctadecadienoic acid
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(HODE), 13-HODE, 9-oxo-octadecadienoic acid (oxoQOB-oxoODE, 5-
hydroxyeicosatetraenoic acid (HETE), 15-HETE, 7-@sar 1, leukotriene P(LTD,), and
protectin.

Quantitation of eicosanoid concentrations was peréal with Waters Empower 2
software (Waters Corp.). A linear calibration cuwiéh 5 points (R > 0.99) was generated for
each eicosanoid with standards and internal stdsgarrchased from Cayman Chemical Co.
(Ann Arbor, MI). The curves ranged from 0.0024 t8&ng/pL. Empower 2 identified the
sample peak by matching its retention time withdtamdard. A response was calculated for each
matched peak by dividing the sample peak’s respbyses internal standard’s response. This
response was multiplied by the concentration ofinkernal standard for each analyte. The

concentration of each analyte was calculated usi@gesponse peak and injection volume.

Glucose Turnover Rate

After daily blood sampling on d 5 of treatment, ylay vein catheters were placed and at
least 18 h of recovery were allowed prior to sangpléection through the catheters. On
treatment d 7, cows were given a glucose bolusaiing U+*C-glucose (99 atom %, Sigma-
Aldrich Co., St. Louis, MO) through jugular cathet¢Schulze et al., 1991). Jugular blood
samples were collected 10 min prior to infusion ahdO, 20, 30, 40, 50, 60, 90, and 120 min
post-infusion. Each cow received approximatelydf §-**C-glucose in 50 mL of sterile saline;
syringes were weighed immediately before and affesion to determine the exact amount
administered. Catheters were flushed with a stedlation of 3.5% sodium citrate after the
labeled glucose bolus (20 mL) and after each bkawdple collection (5 mL). Plasma glucose

concentration was quantified to verify that steathte conditions were met.
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Plasma samples collected for the glucose turncsaayawere analyzed for tJ€-glucose
enrichment (Metabolic Solutions, Inc., Nashua, NBlucose was extracted and converted to
aldonitrile pentaacetate derivative (Tserng anchiia) 1983), and negative chemical ionization
GC/MS (Hewlett-Packard 5890; Agilent Technologi®anta Clara, CA) was used to analyze
derivatized samples. The isotopic composition efglucose was determined by monitoring
unlabeled (M+0: m/z = 328) versus'tG-labeled (M+6: m/z = 334) glucose derivatives.sThi
approach, as opposed to oxidation of glucose arasunement of C@Qenrichment, ensures that
results are not biased by carbon recycling viadbg cycle. Turnover rate of plasma glucose
was calculated from the disappearance curve fbiQJglucose. Enrichment of plasma glucose
for each animal was fitted to an exponential dezaye according to the following equation: E
= E, x e, where t = time relative to infusion (min), £enrichment of plasma glucose G-
glucose: unlabeled glucose ratio) at timegt=Eenrichment at time t = 0, and k = rate constant
(min™). After using the best-fit equations to determiirend E, the total glucose pool was
calculated by the following equation: G = M 3, Bvhere G = total glucose pool (g) and M =
mass of tracer infused (g). Plasma glucose turn@ater(GTR, g/min) was calculated according
to the equation GTR = G x k. Samples collected IOprior to infusion of U**C-glucose were

also analyzed to verify the lack of natural occnoesof the M+6 isotopomer.

Liver TG
At the end of treatment d 7, liver samples weréectéd by percutaneous biopsy as

described by Morey et al. (2011). For analysis @fdontent, approximately 20 mg of liver was
placed into 50Q.L of chilled phosphate buffered saline (pH 7.4) aGodhogenized. The

homogenate was centrifuged at 2,009 fer 10 min at 4°C, and 1Q@L of the supernatant was
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then removed for free glycerol and total proteialgses. Triglyceride content was measured
using a method adapted from Starke et al. (20189.r€maining liver homogenate was
incubated with 10QiL of lipase (porcine pancreatic lipase; MP Biomati¢ Solon, OH) for 16 h
at 37°C, and glycerol content was then determineadrnbenzymatic glycerol phosphate oxidase
method (#F6428, Sigma-Aldrich Co.). Triglyceridentent was calculated based on the
difference between glycerol concentrations befoe a&fter lipase digestion. Total protein
content of the original homogenate was analyzed 6pomassie blue (Bradford, 1976)
colorimetric method (kit #23236; Thermo Scientiierce, Rockford, IL). To avoid potential
bias introduced by differences in moisture conténitver samples, liver TG concentration was

normalized by protein concentration, which is ueat in fatty liver (Fronk et al., 1980).

Transcript Abundance

Total RNA was extracted from liver tissue usingoamercial kit (RNeasy Lipid Tissue
Mini Kit; Qiagen Inc., Valencia, CA) according teeg manufacturer's instructions. Two
micrograms of total RNA was used as the templatéii® reverse transcriptase reaction using
random primers (High-Capacity cDNA RT Kit; Appli&losystems, Foster City, CA).
Quantitative real-time PCR was performed in dupiican 96-well plates with 5% of the cDNA
product in the presence of 200 nM gene-specifizdod and reverse primers with real-time
SYBR green fluorescent detection using SYBR GreemiX reagent (7500 Fast Real-Time
PCR System, Applied Biosystems). Primers were adesigwww.ncbi.nim.nih.gov/tools/primer-
blast/) using GenBank sequences (Table 2). Data meeorded and analyzed with Sequence
Detector software (Applied Biosystems). All samypddues were normalized against ribosomal

protein subunit 9RP9) values (Mamedova et al., 2010), and relative gexpeession was
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quantified by using the™2°' method. Treatment did not influence the Ct vahreRPS9 (P =

0.56), suggesting that it served as a valid comnjeole.

Western Blot

Relative protein abundance @Ba, c-Jun, phosphorylated c-Jun, and BINR liver
samples was determined by Western blot. Liver sampt20 mg) were homogenized at 4°C in
RIPA lysis buffer containing a broad-spectrum pastinhibitor cocktail (Protease Inhibitor
Cocktail I; EMD Millipore, Billerica, MA) and a ptaphatase inhibitor (PhosphoStop; Santa
Cruz Biotechnology, Santa Cruz, CA). The homogenate centrifuged at 15,000g<for 10
min at 4°C, and total protein concentration of$hpernatant was measured (Bradford, 1976).
Forty micrograms of total protein from liver tisswas heated at 90°C for 5 min, vortexed, and
loaded onto a 4 to 12% Tris-HCI gel for electropdsis. Samples were separated by SDS-PAGE
and dry-transferred onto nitrocellulose membrait@st Invitrogen, Carlsbad, CA).
Membranes were blocked for 2 h in blocking bufte¥(dry milk in Tris-HCI buffer, pH 7.5,
with 0.05% Tween 20). After incubation with blocgibuffer, the membranes were washed 3
times for 5 min each with washing buffer (phospHaiéered saline, pH 7.5, containing 0.05%
Tween 20). Membranes were then incubated with pygiraatibodies (diluted 1:250) from Santa
Cruz Biotechnology againstBa (catalog #sc-847), c-Jun (#sc-44), and phosphagle-Jun
(#sc-822) overnight at 4°C. After washing, secogdentibody diluted 1:10,000 was incubated
for 1 h at room temperature. Antibody incubatiod detection for TNE was carried out as
previously described (Bradford et al., 2009). Immdetection was performed by
chemiluminescence (West-Dura; Thermo Scientific)tidan, MA), and bands were quantified

by scanning densitometry (ChemiDoc-It Imaging SystgVP Inc., Upland, CA).
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Calculations and Statistical Analyses

One cow that receivedgy/kg roTNFa developed a severe fever on d 6 of treatment, and
the d 7 treatment was not given. Consequentlylitbe biopsy and glucose turnover test were
not conducted for this cow, but all other data wetained through d 6. Plasma glucose data
indicated that 2 cows did not meet steady-statéitions during the glucose turnover test; these
cows were not used for turnover rate analysisotal tdata from 33, 32, and 30 cows were used
for production responses and plasma analyses,tisgre analyses, and glucose turnover
analysis, respectively. Data were analyzed usiadMtiXED Procedure of SAS (version 9.2;
SAS Institute Inc., Cary, NC) to assess the fixielces of treatment, parity, time, and 2- and 3-
way interactions; cow was included as a randontefi2ata were log-transformed for analysis
when necessary (including plasma concentratioddN&io and 3-methylhistidine, and hepatic
transcript abundance 8iGPAT1, PCK1, andCPT1a) to achieve a normal distribution of
residuals, and data presented are back-transfamtbedse cases. Repeated measures over time
were modeled with either autoregressive or hetereges autoregressive covariance structures,
depending on which analysis had the lowest Baydsfanmation Criterion value. Denominator
degrees of freedom were estimated using the KenRagkrs method. Values were deemed
outliers and omitted from analysis when Studentiasiduals were > 3.5 or < -3.5. Interactions
were investigated whda < 0.10 using the slice option, and slices wereated significant aP
< 0.05. Contrasts were used to evaluate ContralvNFo treatments and 1459/kg vs. 3.0
ug/kg roTNFe doses. Health disorders were analyzed using JMiBion 8.0; SAS Institute Inc.,
Cary, NC). A nominal logistic analysis was firshrior each health disorder to assess the fixed

effects of treatment, parity, and treatment x ganteraction. For those disorders with an
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interactionP < 0.10, Fisher’s exact test was used to asse$$Hband dose contrasts within
each parity group. For all other disorders, FisheKact test was used to test these contrasts

across all animals. Significance was declardél0.05 and tendencies at 0.0 < 0.10.

Results

I nflammatory Signals

Compared with Control, plasma ThEoncentrations tended to be increased 0.09)
by rbTNFa treatments, but 1.5g/kg did not differ P = 0.19) from 3ug/kg roTNF (Figure 1A).
Plasma haptoglobin concentrations were gre&er@.01, Figure 1B) in rbTNEtreatments than
Control, but did not differ between 1.5 ang@kg rbTNF = 0.68). Across the 3 groups,
haptoglobin levels were comparable< 0.94) at parturition, but increased during thstfiveek
of lactation in response to rbTMFON d 5 and 7 of treatment, rbTdEeatments increased
haptoglobin concentration by ~2.5- and ~3.5-foldpeesively, compared with Control.

Plasma eicosanoid results are shown in Table 3t Blogsanoids were unaffecte® %
0.10) by treatments; out of the 16 measured eiadanonly 9-oxoODE was decreas@&dH{
0.01) by rbTNF administration. The pro-inflammatory class as mposite was unaffected by
treatments; however, the anti-inflammatory classiéel P = 0.08) to be decreased by the 3
ug/kg compared with 1.hg/kg rbTNFa dose (Figure 2), though rbTNREreatment did not differ
from Control P = 0.22).

Plasma eicosanoids with significaft € 0.05) day effects are presented in Table 4.
Plasma concentrations of TXBL5-HETE, and 9-HODE were elevated around parburiand

decreased during the first week of lactation. Intcast, resolvin Pand 7-maresin 1 increased
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gradually after parturition. The pro-inflammatordgss decreased = 0.02) during the first
week of lactation, whereas the anti-inflammatogsslIP < 0.01) increased after parturition.
As shown in Figure 3A, hepatic transcript abundasfCENFa was increased?(= 0.02)
by 3 ug/kg compared with 1.hg/kg rbTNFa, but overall, roTNE treatments did not differ
from Control P = 0.73). There were no treatment effe€ts>(0.10) for protein abundance of
TNFa, c-Jun, or relative c-Jun phosphorylation (FigBigg. There was a tendency for a
treatment x parity interactio (= 0.07) for kBa, reflecting increased(= 0.04) kBa
abundance by rbTNFtreatment in primiparous cows (data not shownn@ared with
primiparous cows,xBo was decreased (= 0.02), TNf was increased?(= 0.04), and relative

c-Jun phosphorylation was decreaded (0.04) in multiparous cows (Figure 3C).

Energetics

Dry matter and water intake were decreased (.05) by rb TNk treatments, but no
dose effect® > 0.10) was observed (Table 5). Cows were in meganergy balance during the
experimental period, and the energy balance valees not affectedR > 0.10) by treatments.
Milk yield was decreasedP(= 0.03) by rb TNk treatments, with no dose effeBt€ 0.76).
Similar to milk yield, milk energy output was deased P < 0.01) by rbTNE administration.
Milk fat percentagevas decreasedP(= 0.02) by 3.Qug/kg rbTNFe compared with the 1.pg/kg
dose, but overall, rbTNEtreatments did not differ from Contrd? € 0.55). Nevertheless, milk
fat yield was decrease® € 0.01) in cows treated with roTNEand there was a tendency for
decreasedR = 0.07) milk fat yield for the 3.Qg/kg rbTNF dose compared with Ju§/kg. Milk

protein and lactose content were unaffected byrtreat @ > 0.10), but yields of both were
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decreasedR < 0.01) by rbTNE administration. Milk urea nitrogen concentratiordaomatic

cell linear score were not affectdel ¥ 0.10) by treatments.

Metabolism

Plasma concentrations of glucose, insulin, BHBAFRRETG, and 3-methylhistidine, and
liver TG were not affected®(> 0.10, Table 6) by rbTNFtreatment. Glucose turnover rate
(Table 6) was unaffecte® & 0.18) by rbTNIle treatments. When expressed relative to dry
matter intake (daily glucose turnover rate/dayy rdatter intake), 3i9/kg rbTNFo. was greater
(P < 0.01) than other treatments.

As shown in Figure 4, the mRNA abundance of mitochi@l carnitine
palmitoyltransferase 1&€PT1a) was increased?(< 0.01) by rbTNk treatments, with 3g/kg
greater P = 0.04) than 1.mg/kg rbTNF. No treatment effect® & 0.10) were detected for
apolipoprotein B ApoB), 1-acylglycerol-3-phosphate O-acyltransferasAGRAT1),

phosphoenolpyruvate carboxykinasé”CK1), or pyruvate carboxylas@C).

Health Disorders

Incidence of health disorders is shown in Tabl&h&re was a tendency for increased (
= 0.08) risk of experiencing 1 or more health disos for 3ug/kg compared with 1.pg/kg
rbTNFa, although the overall rbTNFeffect was not significanP(= 0.25). Ketosis incidence
reported in Table 7 was based on detection of &tenes; of the cows identified by this

method, 5 cows (1 control, 2 on each of the rb@&Eatments) had plasma BHBA
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concentrations that exceeded 3 mM on at least apgidentifying them as clinical cases,

whereas the 2 others exceeded the 1.4 mM threstroddibclinical ketosis (Oetzel, 2007).

Discussion

Our previous research demonstrated that adminatraf 2 ug/kg body weight roTNé&
daily for 7 d was adequate to mimic a chronic lowelg inflammatory state without causing
acute systemic inflammation in late-lactation cq®sadford et al., 2009). Therefore, in the
present study, we administered 1.5 andy&g rbTNFe in an attempt to characterize a similar
low-grade inflammation in early-lactation cows, alinexperience dramatic energy demands of
milk production and tremendous metabolic stresspayed with late-lactation animals.
Although blood samples were collected 16 h afterptevious injection, we still observed a
tendency for elevated plasma TNEoncentrations in treated cows, indicating a sosth
chronic inflammation status in cows receiving rbiNMoreover, 3ug/kg roTNFx
administration increased hepatic transcript abuoel@afTNF«, further supporting that treatment
enhanced pro-inflammatory responses.

We also evaluated plasma concentrations of hagtogbind ecosanoids, and the protein
abundance of key inflammatory mediators in therlitaptoglobin is an acute phase protein
primarily released by the liver in inflammation @teenberg et al., 200.7Qur finding that
rbTNFo increased &ptoglobinagrees with a previous study that daily adminigiredf 2.5
ug/kg rbTNFe for 7 d dramatically elevated plasma haptoglohitactating cows (Kushibiki et
al., 2003). Interestinglyhaptoglobin elevation has been associated withneolatty liver (Bobe
et al., 2004), suggesting that liver TG accumuratitay be associated with inflammation.

However, recent research indicated that excess NEffux to the liver, rather than hepatic TG
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accumulatiorper se, causes liver damage through promoting lipotoxiaiidative stress, and
inflammatory reactionadNeuschwander-Tetri, 2010 the present study, neither NEFA nor
liver TG were affected by treatments, suggestiagrthil NFo. increasedhaptoglobin independent
of altered lipid mobilization.

Eicosanoids are a family of signaling moleculesdpied by oxidation of 20-carbon
essential fatty acids. They exert complex contv@ronflammation, and can either enhance
(such as certain types of prostaglandins, thrombesiaand leukotrienes) or resolve (such as
resolvins, protectins, and maresins) inflammatesponses depending on their types and the
timing of production (Sordillo et al., 2009). Thecreased lipolysis and elevated plasma NEFA
in early lactation may increase the supply of faitid substrates for eicosanoid production,
thereby affecting the duration and magnitude damimnation. In the present study, 6 out of the
16 measured plasma eicosanoids were significaliélyed over time, but feweatmenteffects
were detected fori@osanoidsOne interesting finding was that the highest ddsbTNFo
tended to suppress the anti-inflammatory eicosadlass, primarily reflecting decreased
concentrations of-maresin 1, protectin, and 9-oxoODEe are unaware of evidence in the
literature of cytokines inhibiting release of amtilammatory eicosanoids, but such an effect is
consistent with the pro-inflammatory effects of TaNfHotamisligil et al., 1995)We cannot rule
out the possibility that decreases in anti-inflartomaeicosanoids may have been driven by an
unknown mediator rather than a direct effect of @NStill, it is intriguing that roTNE
administration apparently did more to suppresgptbduction of resolving lipid mediators than
to enhance the production of inflammatory lipidsd éhis result should inform choices about

measures of interest in future studies.
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We found that concentrations of pro-inflammatorgosanoids, including certain types of
prostaglandins and thromboxanes, were elevateahdnoarturition and decreased during the
first week of lactation, whereas pro-resolving metdes, such asesolvin Byand 7-maresin,1
increased after parturition. Consistent with theuhes of the above-mentioned eicosanoids, the
composite pr-inflammatory class was elevated at parturitiod decreased thereafter, whereas
the anti-inflammatory class changed in the oppakitection.Although the inflammatory state
of postpartum dairy cows has been well documerBezh@z et al., 2007Yhese are the first data
to document an increase in anti-inflammatory einogis during the resolution of inflammation
as lactation proceeds. The causative role of efmda in this resolution phase should be a
fruitful area for further investigation.

Nuclear factoneB (NF«B) is a key transcription factor that plays cruc@es in
inflammation (Karin and Ben-Neriah, 2000). In nomstlated cells, NReB is bound to
inhibitory kB proteins and sequestered in the cytoplasm. Aabinaf NF«B primarily occurs
via the phosphorylation, ubiquitination, and degttéxh of kB proteins; subsequently, the
liberated NF«B is translocated to the nucleus to drive expressianflammatory genes (Hacker
and Karin, 2006). One of the majaB! proteins in inhibiting NFReB activation is kBa, the
abundance of which can be used to estimate afgirimhatory status. In this study, hepatiBd
abundance was significantly increased by rb&NFprimiparous cows. This observation is
unexpected, because TilIs a potent activator okBo degradation (Karin and Ben-Neriah,
2000), and suggests the involvement of compensatarynflammatory adaptations in response
to rbTNFo.

We also investigated the inflammatory mediatous;vhich is a key component

of the pro-inflammatory transcription factor actwaprotein-1. The transcriptional activity of c-
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Jun is increased by phosphorylation of serine tesidn response to various stimuli, including
inflammation (Lee et al., 2001). As for the MB-pathway, we found no evidence of hepatic c-
Jun activation in response to rb T&FCollectively, rbTNF treatment did not significantly alter
the hepatic protein abundance of inflammatory ntedsabut nevertheless greatly increased the
plasma concentration of haptoglobin, an acute ppastein induced primarily by inflammatory
signals in the liver (Nakagawa-Tosa et al., 1985%. possible that haptoglobin was primarily
induced by transcription factors other than &B-or activator protein-1.

In this study, feed intake and milk production wdeereased by rbTNRreatments by
18 and 15%, respectively. TNRks a key mediator causing anorexigenic respomsearious
diseases, and many of the effects of &NiFe dependent on its actions in the hypothalamus
(Romanatto et al., 2007). Interestingly, our pregioesearch in late-lactation cows showed that
2 ug/kg rbTNFa treatment daily for 7 d also decreased feed inbgk#8%, but did not
significantly alter milk production (Bradford et a2009). Kushibiki et al. (2003) reported that
daily administration of 2.fg/kg rbTNFe for 7 d dramatically decreased feed intake (by ~B84%
and milk yield (by ~15%). As expected, cows wereaegative energy balance during the
immediate postpartum period, indicating that tlesiergy expenditure, driven largely by
lactation requirements, greatly exceeded theirggnimtake. However, energy balance values
were not affected by rbTNFadministration because the magnitude of decreas&d
production was comparable to that of decreasedifeakie.

Administration of roTNF did not alter plasma markers of lipid metabolisnpmmote
fatty liver. As a lipolytic mediator in adiposedige (Zhang et al., 2002), previous studies found
that rbTNFe administration at 2.hg/kg significantly increased plasma NEFA concermdrat in

mid-lactation cows (Kushibiki et al., 2003) andfees (Kushibiki et al., 2000). We also
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previously reported that 7-d roTNRdministration at 2g/kg daily increased liver TG by ~2-
fold (Bradford et al., 2009). It is possible thachuse plasma NEFA and BHBA concentrations,
as well as liver TG content, were already dramiyieevated in response to negative energy
balance in the periparturient period, the doseb®®NFu used in this study were insufficient to
promote further alterations in lipid metabolism. tBe transcriptional level, our previous work
(Bradford et al., 2009) in late-lactation cows skdwhat 21g/kg rbTNFe administration daily

for 7 d increased the transcript abundancR@PAT1 (which catalyzes the esterification of a
fatty acyl-CoA to the sn-2 position of the glycebaickbone in TG synthesis), tended to decrease
CPT1a (which catalyzes transport of fatty acids intooultondria for oxidation), and did not
affectApoB (which is a key component of very low-density [ppotein that mediates hepatic TG
exportation). Here, we did not find treatment etfifdor AGPATL1 or ApoB, and found that

rbTNFa increasedCPT1a abundance dose-dependently. Collectively, rbd Niel not promote

the pathways favoring hepatic lipid accumulatioeanly-lactation cows.

Lactating cows rely heavily on hepatic gluconeogent meet glucose requirements
because the majority of dietary carbohydratesemadnted in the rumen. Under steady-state
conditions, the rate of glucose appearance eqoalsate of its disappearance, and the calculated
glucose turnover rate approximately equals glucgaresis in ruminants, because net portal
appearance of glucose is negligible (Young, 19In7this study, there were no treatment effects
on plasma glucose or insulin, abundance of keyaglaogenic transcipts, or plasma glucose
turnover rate, indicating that low-grade inflammatiid not affect hepatic gluconeogensis in
early-lactation cows. Previous data regarding @ ffects on gluconeogensis have been
inconsistent. Short-term recombinant human &MBEministration at0 pg/kg, but noB.5ug/kg,

significantly increased glucose production (likédym glycogenolysis) and metabolic clearance
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rate in dogs; coupled with decreased fatty acid, flhe authors concluded that TiNgiven in a
high dose causes a shift toward carbohydrate asenyy substrate (Sakurai et al., 1993). In a
subsequent study, Sakurai et al. (1996) infusBgg/kg TNFo in dogs for 2 h and did not
observe a change in glucose production.

The primary substrate for gluconeogenesis in runtge propionate, a short-chain fatty
acid derived from ruminal fermentation; as a resiér glucose production in cows is often a
function of energy intake (Reynolds et al., 2003).assess whether gluconeogenesis was
affected by substrate supply, we expressed glyzazhiction relative to feed intake.
Interestingly, this analysis revealed that theg&g rbTNFa treatment increased the apparent
efficiency of gluconeogenesis from dietary subssaprimarily because of the low feed intake
for that treatment. Given that propionate is usedyfucose production at >90% efficiency in
ruminants (Steinhour and Bauman, 1988), increassdbolic efficiency was not likely the
reason for this response. When requirements aegegréhan nutrient intake, such as in early
lactation, the contributions of lactate, glyceamd amino acids from body tissues to
gluconeogenesis increase markedly (Bell, 1995)c&bl is released primarily from adipose TG
mobilization, which was likely unaffected by treants (based on unaltered plasma NEFA). In
an attempt to evaluate whethen@kg rbTNFu-treated cows had greater amino acid supply from
protein mobilization, we measured concentrationglatma 3-methylhistidine, a marker of
muscle protein breakdown that has been shown tease rapidly during the periparturient
period and peak at 1 week after parturition (Bluralg 1985). Treatment effects on plasma 3-
methylhistidine were not significant; however, 8gg/kg rbTNFx treatment mean was

numerically 20% greater than the other treatménsgems likely that a combination of slightly

55



enhanced muscle proteolysis and decreased amihaiseifor milk protein synthesis resulted in
greater supply of amino acids for gluconeogenistale in the 3ig/kg rbTNFe treatment.
Despite the lack of dramatic alterations in meteino| the higher dose of rbTREended
to impair the health of postpartum cows. Healtlodisrs affect considerable numbers of
periparturient dairy cows, compromising animal \w&edf milk production, and fertility. Ketosis
is considered the most important metabolic diseasige U.S. dairy industry (Oetzel, 2007), and
ketotic cows are also at increased risk for othgorders, such as displaced abomasum and
metritis (Duffield et al., 2009). Ketosis may inase the risk of infectious disorders through
negative effects of ketone bodies on immune celttion (Grinberg et al., 2008). In this study,
rbTNFo increased the incidence of ketosis by 3-fold mfitst week of lactation, accounting for
much of the increase in total disease incidencerd hre numerous mechanisms by which
rbTNFo may have promoted subclinical ketosis, but poed fiatake in early lactation is a key
risk factor for ketosis (Grummer, 1995), and iikely that the suppression of intake by rbToNF
played a role in this study. Decreased feed intatenot decrease energy balance or increase
lipolysis in this study, but low intake affects radhan just energy status; decreased protein,

mineral, vitamin, or lipid intake may have adveysaffected health.

Conclusions

In conclusion, rbTNE treatment during the first 7 d of lactation deseghfeed intake,
reduced milk production, and tended to impair Hestiatus, but did not significantly alter
glucose or lipid metabolism. These data indicas¢ ith response to low-grade inflammation,
early-lactation cows compensate for the reduceakenby suppressing milk production rather

than further compromising their energy balanceystesnic metabolism. This coordinated
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physiological response to inflammatory mediatons lsa considered a biological tradeoff
between lactational performance and survival (Bal2012). However, because effects on feed
intake and milk yield occurred simultaneouslysitinclear whether one or the other was a
secondary response. Further studies are neededetstigate if inflammation directly alters
mammary or neurological function. Nevertheless gudy indicates that preventing excessive

inflammation in early lactation has the potent@airhprove productivity and health of dairy cows.
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Table 2-1 Ingredient and nutrient composition of tle diet.

ltem Value

Ingredient, % of dry matter

Corn silage 22.2
WCGF 30.3
Alfalfa hay 20.4
Cottonseed 4.9
Corn grain 9.2
Sorghum grain 4.0
Micronutrient premix 9.0

Nutrient, % of dry matter

Dry matter (% as-fed) 58.6
Crude protein 17.3
Acid detergent fiber 17.8
Neutral detergent fiber 31.8
Ether extract 5.0
Ash 9.1
Net energy for lactatior(Mcal/kg dry matter) 1.72

1Wet corn gluten feed (Sweet Bran; Cargill Inc.,iBIBE).
2Premix consisted of 54.9% expeller soybean meaB%d4imestone, 10.2% sodium bicarbonate,
10.0% calcium salts of long-chain fatty acids (MageR; Arm & Hammer Animal Nutrition,

Princeton, NJ), 2.6% Diamond V XP yeast (DiamonhtiNs, Inc., Cedar Rapids, 1A), 2.0%
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magnesium oxide, 1.6% potassium carbonate, 1.6%61s8% Vitamin E premix (44 1U/g), 0.6%
4-Plex (Zinpro Corp., Eden Prairie, MN; consistzioic 2.58%, manganese 1.48%, copper
0.90%, cobalt 0.18%, methionine 8.21%, and lysi8®%), 0.3% selenium premix (0.06% Se),
0.1% Vitamin A premix (30 klU/g), 0.1% Vitamin D ¢mix (30 klU/g), 0.1% Rumensin 90
(Elanco Animal Health, Greenfield, IN), and 0.1%@io 100 (Zinpro Corp., Eden Prairie, MN;
consists of 10% zinc and 30% methionine).

3 Estimated according to NRC (2001).
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Table 2-2Primers used for real-time PCR gene expression anais.

Gené Sequences of primers (5’ to 3) Accession nurhber  Amplicon Median Ct  Efficiency
region

AGPAT1 Forward, GGAGTCATCTTCATTGACCGGA NM_177518.1 737-847 29.3 99%
Reverse, GCCCTCAGGAAAAACCCA

ApoB Forward, TCCTTGATTCCACATGCAGCT XM_003582812.1 17561666 20.6 94%
Reverse, GGTGTGCAAAGGATGCGTTAG

CPT1la Forward, CTTCCCATTCCGCACTTTC XM_002699420.2 195183 22.6 93%
Reverse, CCATGTCCTTGTAATGAGCCA

PC Forward, CTTCAAGGACTTCACTGCCACC NM_177946.4 3160782 21.4 98%
Reverse, GCCAAGGCTTTGATGTGCA

PCK1 Forward, CGAGAGCAAAGAGATACGGTGC NM_174737.2 427-542 18.5 98%
Reverse, TGACATACATGGTGCGACCCT

RPO Forward, GAACAAACGTGAGGTCTGGAGG NM_001101152.2 1261 19.2 92%
Reverse, TTACCTTCGAACAGACGCCG

TNFa Forward, AAGTAACAAGCCGGTAGCCCA NM_173966.3 448- 538 27.9 103%
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Reverse, CTTCCAGCTTCACACCGTTG

! AGPAT1: 1-acylglycerol-3-phosphate O-acyltransferasaphB: apolipoprotein BCPT1a: mitochondrial carnitine
palmitoyltransferase 1A2C: pyruvate carboxylas®CK1: phosphoenolpyruvate carboxykinasdrP0: ribosomal protein S 9;
TNFa: tumor necrosis factar.

2 From NCBI Entrez Nucleotide Database (http://wwahbimlm.nih.gov/sites/entrez?db=nucleotide).

3 The coefficients of determination 2()Ta‘or all genes were greater than 0.98.
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Table 2-3Concentrations of plasma eicosanoids in early-lacti®n dairy cows during the

experimental period. Eicosanoids were measured on day 0, 1, 3, andrgatment. Values are

least squares means = SEM, n = 10-11.

Treatments P-value’

Eicosanoid§ ng/mL Control 1.5ug/kg 3.0nglkg SEM Cvs. T Dos€
PGE 1.07 1.26 1.21 0.14 0.16 0.88
PGR 1.55 1.61 1.56 0.075 0.36 0.61
LTBs 0.43 0.43 0.28 0.101 0.87 0.49
LTD4 335 305 275 120 0.68 0.74
TXB; 33.2 25.5 36.9 6.6 0.86 0.31
9-HODE 30.4 31.7 27.4 3.6 0.89 0.64
13-HODE 28.5 28.7 26.7 3.5 0.60 0.48
5-HETE 94.9 96.1 65.3 18.2 0.26 0.25
15-HETE 4.49 4.50 4.75 0.69 0.64 0.73
Pro-inflammatory clads 482 426 384 95 0.40 0.63
Resolvin O 0.172 0.294 0.241 0.053 0.14 0.59
Resolvin D 19.3 16.6 8.6 4.7 0.22 0.26
Lipoxin A4 1.84 1.38 1.29 0.33 0.31 0.90
7-maresin 1 472 430 302 69 0.22 <0.10
Protectin 89.9 83.6 49.2 18.7 0.30 0.06
9-0xoODE 54.1 46.0 46.0 3.2 0.01 0.86
13-oxoODE 26.4 27.1 22.5 2.8 0.34 0.43
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Anti-inflammatory clas§ 689 636 469 96 0.22 0.08

LLT: leukotriene; PG: prostaglandin; TX: thromborarlODE: hydroxyoctadecadienoic acid;
HETE: hydroxyeicosatetraenoic acid; oxoODE: octad@&moic acid.

2Treatments: cows were given 0, 1.5, or8yfkg body weight rbTNé injections daily for the
first 7 days of lactation, respectively.

% No treatment by day interactions were significaxttept as noted.

“ Contrast between Control and rbTéNffeatments.

> Contrast between 1.5 and 316/kg rbTNF treatments.

® Pro-inflammatory class is the sum all of BGFEGR, LTB4, LTD4, TXB,, 9-HODE, 13-

HODE, 5-HETE, and 15-HETE concentrations (Sordéi@l., 2009).

’ Anti-inflammatory class is the sum of resolvindhd B, protectin, lipoxin A, 7-maresin 1,
9-0x00ODE, and 13-0xoODE concentrations (Sordillalet2009).

"A significant treatment x time interaction was a#é¢el P < 0.04), but treatment contrasts

were not significant on any individual day.
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Table 2-4 Concentrations (across treatments) of p$ana eicosanoids in early-lactation dairy

cows with significant ( < 0.05) day effects during the experimental periad/alues are least

squares means = SEM, n = 31-33.

Day

Eicosanoidy ng/mL 0 1 3 5 SEM  P-value
PGk 1.67 1.44 1.41 1.78 0.11 0.02
TXB 52 16 26 35 10 <0.001
Resolvin D 5.1 12.2 21.8 20.4 3.7 <0.01
9-HODE 34.4 29.0 25.8 30.1 3.67 0.04
15-HETE 6.7 4.4 3.7 4.2 1.04 0.03
7-maresin 1 248 358 481 568 59 <0.01
Pro-inflammatory class 531 369 374 460 70 0.02
Anti-inflammatory clas$ 418 538 689 781 85 <0.01

! PG: prostaglandin; TX: thromboxane; HODE: hydrostgalecadienoic acid; HETE:
hydroxyeicosatetraenoic acid.

2Day of lactation. Plasma eicosanoids with signifto® < 0.05) day effects are presented.

% Pro-inflammatory class is the sum of PGIEGF, LTB,4, LTD., TXB,, 9-HODE, 13-HODE,
5-HETE, and 15-HETE concentrations (Sordillo et 2009).

* Anti-inflammatory class is the sum of resolvindhd D, protectin, lipoxin A, 7-maresin 1,

9-0x00ODE, and 13-0xoODE concentrations (Sordillalet2009).
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Table 2-5 Production responses in early-lactationalry cows during the experimental

period. Values are least squares means = SEM, n = 10-11.

Treatments P-value

ltem Control 1.5pg/kg 3.0ugkg SEM  Cvs.T  Dosé
Dry matter intake, kg/d 13.7 12.1 10.4 0.80 0.02 0.15
Water intake, L/d 79.8 71.9 66.5 3.9 0.04 0.34
Milk yield, kg/d 33.7 29.1 28. 4 1.7 0.03 0.76
Milk fat, % 5.41 6.00 5.18 0.24 0.55 0.02
Milk fat, kg/d 2.08 1.87 1.59 0.11 0.01 0.07
Milk protein, % 3.51 3.57 3.37 0.11 0.75 0.19
Milk protein, kg/d 1.29 1.11 1.01 0.05 <0.01 0.19
Milk lactose, % 4.52 4.52 4.45 0.05 0.65 0.33
Milk lactose, kg/d 1.65 1.39 1.32 0.08 <0.01 0.5
Milk energy output, Mcal/d 36.8 32.1 28.7 1.6 <0.0 0.13
Energy balance, Mcal/d -23.6 -21.6 -22.0 1.6 0.36 .890
Milk urea nitrogen, mg/dL 11.1 12.7 12.3 0.75 0.13 0.75
Somatic cell linear score 3.27 2.49 3.13 0.51 0.50 0.39

! Treatments: cows were given 0, 1.5, or89tkg body weight rbTNé injections daily for the

first 7 days of lactation, respectively.

% No treatment by day interactions were significaxttept as noted.

3 Contrast between Control and rbTéNfFeatments.

“ Contrast between 1.5 and 31§/kg rbTNFo. treatments.
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" There was a treatment by day interacti®r=(0.04) for milk lactose %.
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Table 2-6 Plasma metabolites and hormones, liveriglycerides, and glucose turnover rate

in early-lactation dairy cows.Values are least squares means + SEM, n = 10-11.

Treatments P-valu¢
ltem Control 1.5ug/kg 3.0uglkg SEM Cvs. T Dosé
Plasma BHBA, uM 996 1108 1186 154 0.40 0.72
Plasma glucose, mg/dL 50.8 51.9 51.7 2.1 0.68 0.94
Plasma insulin, ng/mL 0.28 0.31 0.32 0.07 0.35 0.74
Plasma NEFA, uM 857 854 757 83 0.62 0.41
Plasma TG, mg/dL 135 12.9 12.4 1.1 0.52 0.73
Plasma 3- 10.2 10.0 12.2 1.7 0.58 0.28
methylhistidine uM
Liver TG, mg/g protein 769 750 702 106 0.34 0.58
Glucose turnover rate, 3.73 3.04 3.23 0.35 0.18 0.73
g/min
Glucose turnover rate, 389 335 480 29 0.32 <0.01

g/kg dry matter intake

! Treatments: cows were given 0, 1.5, or 8gfkg body weight rbTNé injections daily for the

first 7 days of lactation, respectively.

2 No treatment by day interactions were significant.

3 Contrast between Control and rbTéNffeatments.
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Table 2-7Health disorders in early-lactation dairy cows during the experimental period.

Treatments
lten Control 1.5ug/kg  3.0ug/kg  Total
Ketosis 1 3 3 7
Subclinical mastitis 1 0 2 3
Respiratory distress 0 0 2 2
Metritis 1 0 0 1
Milk fever 0 0 1 1
Fever 0 0 2 2
> 1 event (fever excluded) 2 3 7 12

! Treatments: cows were given 0, 1.5, or3tkg body weight roTNE& injections daily for the
first 7 days of lactation, respectively. There wetecows at risk in each treatment.

2 Ketosis was recorded when the urine ketone dipstist (Ketostix; Bayer Corp. Diagnostics
Division, Elkhart, IN) detected acetoacetate > &fJdh on any day or > 40 mg/dL for 2
consecutive days. Fever designates that a cow hexta temperature greater than 39.4°C.
Other health disorders were diagnosed accorditigetguidelines by Kelton et al. (1998).
Fever was excluded from the summary data becaube @ossibility that it was a direct

response to treatment rather than a sign of irdecti
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Figure 2-1 Plasma concentrations of TN& and haptoglobin during 7 days of roTNFe or

Control administration. (A) Plasma TNE tended to be increased by rbTi\fFeatmentsR =

0.09), but no difference was detected betweenrid5320ug/kg rbTNFe treatmentsi® = 0.19).

(B) Haptoglobin differed between rbTNFreatments and ContrdP & 0.01), but not between

1.5 and 3.Qug/kg rbTNFa treatmentsH = 0.68). Values are least squares means + SEM,(0r =

11.

>

25

20

15

10

Plasma TNFa (pg/mL)

w

1000 -

Plasma haptoglobin (pg/mL)

««©+ Control
=l=1.5 ug/kg
=ir=3.0 pg/kg

800 -

600 -

400 A

200 A

Day relative to calving

pun

0 3 5 7
Day relative to calving

74



Figure 2-2 Composite plasma concentration of antinflammatory eicosanoids during the

first 5 days of rbTNFa or Control administration. The total anti-inflammatory eicosanoid

concentration represents the sum of resolviaridl 3, protectin, lipoxin A, 7-maresin 1, 9-

0x0ODE, and 13-0xoODE concentrations (Sordillolet2909). The 3.(ug/kg dose tended to

differ from the 1.5ug9/kg rbTNFo. dose P = 0.08), but no overall roTNFwas detected=

0.22). A tendency for a dose by time interactiors &kso observedP(= 0.06), with a significant

dose contrast on day B € 0.01). Values are least squares means + SEM,GrHL.
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Figure 2-3Hepatic MRNA abundance ofTNFa and protein abundance of key mediators
involved in inflammatory pathways. Liver samples were collected after 7 days of rb&NF
Control administration.A) HepaticTNFa transcript abundance was increased by 3.0 vs. 1.5
ng/kg rbTNFa treatmentsi = 0.02), but did not differ between rbTiEeatments and Control
(P =0.73). B) Western blot images are shown for 6 cows alortg dénsitometry data from
analysis of all samples for hepatiBh. (37 kDa), TNk (17 kDa), and total and phosphorylated
c-Jun (39 kDa). There was a tendency for treatrgparity interaction® = 0.07) for kBa,
reflecting increased?(= 0.04) kBa abundance by rbTNFreatment in primiparous cows (data
not shown). No treatment effec® ¥ 0.10) were observed for hepatic TajlE-Jun, or relative
c-Jun phosphorylationC|): Parity significantly affected hepaticBo (P = 0.02), TN (P =

0.04), and relative c-Jun phosphorylati®=0.04). Values are means + SEM, n = 10-11 (A and

B) or 9-24 (C).
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Figure 2-4 Hepatic abundance of transcripts involve in lipid metabolism (A) and
gluconeogenesis (BlLiver samples were collected after 7 days of rb@MF Control
administration. Differences were observed betw&diNiFa treatments and ContrdP < 0.01),
and between 1.5 and 3.@/kg rbTNFa treatmentsK = 0.04) forCPT1a. No treatment effectd?(

> 0.10) were detected féypoB, AGPAT1, PCK1, or PC. AGPATL: 1-acylglycerol-3-phosphate
O-acyltransferase BpoB: apolipoprotein BCPT1a: mitochondrial carnitine
palmitoyltransferase 1A2C: pyruvate carboxylas€®CK1: phosphoenolpyruvate carboxykinase

1. Values are means + SEM, n = 10-11.
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Abstract

The objective of this study was to evaluate effe¢tshromium propionate (CrPr),
rumen-protected lysine and methionine (RPLM), ahlmn metabolism, neutrophil function, and
adipocyte size in lactating dairy cows (38 + 15gdmymilk). Forty-eight individually fed
Holstein cows (21 primiparous, 27 multiparous) waratified by calving date in 12 blocks and
randomly assigned to 1 of 4 treatments within bldaglkeatments were control, CrPr (8 mg/d Cr,
KemTRACE brand Chromium Propionate 0.04%, Kemirubtdes, Inc.), RPLM (10 g/d lysine
and 5 g/d methionine intestinally available, frogysIPEARL and MetiPEARL, Kemin
Industries, Inc.), or CrPr plus RPLM. Treatmentsened for 35 d; blood plasma samples were
collected on d 21 and 35 of treatment, and bloadrophils were isolated from 24 cows for
analysis of tumor necrosis fact@(TNFa) and interleukin g (IL-15) transcript abundance in the
basal state and after 12 h of lipopolysaccharid&Lactivation. Tailhead subcutaneous adipose
tissue samples were collected on d 35 for measureofi@dipocyte size. Plasma glucose,
NEFA, and glucagon concentrations were unaffectenldatments, whereas plasma insulin
concentration was increasd®l£ 0.03) by RPLM. BasalNFa transcript abundance in
neutrophils was not affecte® & 0.10) by treatment, but basal1s transcript abundance was
decreasedR = 0.05) by RPLM and tended to be increased by G?Rr0.08). After LPS
activation, CrPr increase® £ 0.02) neutrophilfNFa transcript abundance. In addition, RPLM
x parity interactionsK < 0.01) were detected for botiNFa andIL-15 abundance after LPS
activation, reflecting enhanced responses in panaps cows and attenuated responses in
multiparous cows supplemented with RPLM. Adipogitee was not affected by treatment.
Supplemental CrPr and RPLM had minimal effects atatnolism when fed for 35 d near peak

lactation, but may modulate innate immune functrotactating dairy cows.
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Introduction

Chromium is a nutrient that can influence animatahelism. Supplementation of Cr in
cattle increased milk production (Hayirli et alo®; McNamara and Valdez, 2005; Smith et al.,
2005), improved glucose clearance and insulin seitgi(Bunting et al., 1994; Spears et al.,
2012; Sumner et al., 2007), reduced lipolysis (Bgsd996; Bryan et al., 2004), altered adipose
tissue metabolism (McNamara and Valdez, 2005),raodulated immune response (Burton et
al., 1993; Burton, 1995; Burton et al., 1996). Altlgh considerable research has been conducted
with Cr in cattle, only recently has Cr suppleméntain cattle diets been permitted by the U.S.
Food and Drug Administration. Currently, Cr-propat@ (CrPr) is the only source of Cr allowed
for supplementation to cattle, at inclusion ratesai0.5 mg Cr/kg of diet. By feeding CrPr to
dairy cows from 21 d prepartum to 35 d postpartMitiNamara and Valdez (2005) increased
DMI and milk yield in early lactation. Interestinglthey also observed that CrPr dramatically
increased adipose tissue lipogenesis compare@totitontrols in the postpartum period.
Collectively, these results indicate that CrPr nmagrove production by modulating metabolism
of lactating cows.

To improve the performance and productive efficyeotlactating cows, first limiting
AA such as rumen-protected lysine and methionirfeL{R) have been commonly supplemented
(Berthiaume et al., 2006; Chilliard and Doreau, 19%bnardi et al., 2003 A recentmeta-
analysis (Patton, 2010) indicated that feedungen-protected methionimecreased milk protein
content and yield and slightly increased milk yiatdoss 35 studies in the literature. However,
little research has been conducted to determimetsfof RPLM on glucose or lipid metabolism
or immune function in dairy cows. Enhanced metabatid immune function may contribute to

improved milk production.

82



Currently, there are no reports regarding the augon between CrPr and RPLM
supplementation in dairy cows. We hypothesizedshpplementation of both may generate
effects superior to supplementing either one alompart because enhanced milk production in
response to CrPr would increase essential AA reqments. Therefore, the objective of this
study was to determine if CrPr and RPLM supplemenmaffects neutrophil function,

adipocyte size, or intermediary nutrient metabolisrdairy cows near peak lactation.

Materials and Methods

The Kansas State University Institutional Animar€and Use Committee approved all
experimental procedures. Production responsessettieatments are reported in a companion

paper (Vargas-Rodriguez et al., 2014).

Design and Treatments

Forty-eight individually fed Holstein cows (21 piiparous, 27 multiparous, 38 £ 15 DIM,
mean + SD) were stratified by calving date in 1@kk and randomly assigned to 1 of 4
treatments within block. Treatments were controR1G8 mg/d Cr in the form of 20 g/d
KemTRACEChromium Propionate 0.04%, Kemin Industries, IDes Moines, 1A), RPLM (10
g/d lysine and 5 g/d methionine, intestinally aahi€), or both (CrPr+RPLM). The RPLM
supplement was composed of 48.8 g/d of LysiPEARL Hn3 g/d of MetiPEARL (Kemin
Industries, Inc.). Treatments were premixed witbugid corn and top-dressed at 200 g/d for 35
d. All cows were fed once daily (1600 h) for adtlin intake of a diet formulated to meet NRC

(2001) nutrient requirements (Table 1). Analysighiy Cornell Net Carbohydrate and Protein
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System version 6.1 (NDS version 3, Ruminant Manager& Nutrition, Reggio Emilia, Italy)
estimated metabolizable Met supply at 47 g/d (2.@83%P) and metabolizable Lys supply at
148 g/d (6.38% of MP) with 22 kg/d DMI in the caritdiet. The RPLM supplement was

predicted to result in Lys and Met supplies of 867/and 2.23% of MP, respectively.

Plasma Samples

On d 21 and 35 (1430 h), approximately 14 mL obdlavas collected from all cows
from the coccygeal vessels into 2 evacuated turescontaining KEDTA (for analyses of
NEFA, glucagon, insulin, leptin, and adiponectinylahe other containing potassium oxalate
with sodium fluoride (for analysis of glucose) aglygcolytic inhibitor (Vacutainer, Becton
Dickinson, Franklin Lakes, NJ). Samples were cérged at 2,000 g for 15 min immediately
after sample collection, and plasma was harvestddrazen at —20°C until analysis. Plasma
aliquots for glucagon analysis were added to tabesaining benzamidine (50Mhfinal
concentration; Sigma-Aldrich Chemical Co., St LolkD) as a protease inhibitor. Plasma was
analyzed for NEFA using an enzymatic colorimetriegedure (NEFA-HR, Wako Chemicals
USA, Richmond, VA), glucose by a colorimetric kitutokit Glucose; Wako Chemicals USA),
glucagon by a radioimmunoassay kit (#GL-32K MillipaCorp., Billerica, MA), and insulin by a
bovine-specific sandwich ELISA (#10-1201-01, MereodB, Uppsala, Sweden).

Plasma samples collected on d 35 were analyzddgbn and adiponectin protein
abundance by Western blot. Plasma samples (1 pie) ekeited with 19 uL Laemmli sample
buffer (Bio-Rad, Richmond, CA). The homogenate Wwaated at 90°C for 5 min, cooled and
loaded onto a 4-20% Tris-HCI gel for electrophaseSiamples were separated by SDS-PAGE

and dry-transferred onto nitrocellulose membrait@st Invitrogen, Carlsbad, CA).
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Membranes were blocked for 2 h in blocking bufte¥(dry milk in Tris-HCI buffer, pH 7.5,

with 0.05% Tween 20). After incubation with blocgibuffer, the membranes were washed 3
times for 5 min each with washing buffer (phospHauffered saline, pH 7.5, containing 0.05%
Tween 20). Membranes were then incubated with pgiraatibodies (1:500) against leptin (sc-
8325, Santa Cruz Biotechnology Inc., Santa Cruz), &#l adiponectin (A6354, Sigma-Aldrich
Co, St. Louis, MO) overnight at 4°C. After washiagsecondary antibody (sc-2313, Santa Cruz
Biotechnology) diluted 1:10,000 was incubated fdr dt room temperature. Immunodetection
was performed by chemiluminescence (West-Dura;mbescientific, Waltham, MA) and bands

guantified by scanning densitometry (ChemiDoc-lagimg System; UVP Inc., Upland, CA).

Neutrophil Isolation

On d 21 and 35 (0700 h), 50 mL of blood was obthimgjugular venipuncture from 6
blocks of the cows for isolation of neutrophilsoBtl was collected in 50-mL tubes (Becton
Dickinson) with 0.75 mL of heparin (1,000 units/mAgros Organics Inc., Fair Lawn, NJ).
Blood was placed on ice for transport to the lae@<min) and then 20 mL of whole blood was
combined with 20 mL of Ficoll-Paque PLUS (GE Heaidtre, Pittsburgh, PA) and centrifuged at
800 xg for 50 min at 4°C. Centrifugation separated theodblinto 6 distinct bands: plasma,
monocytes, isolation media, neutrophils, more iswhamedia, and the red blood cell pellet. The
top three layers (plasma, monocytes, and isolatiedia) were removed, and neutrophils were
collected and washed with €Ag®* free Hank’s balanced salt solution (Sigma-Aldrich
Chemical Co.) 3 times. Isolated neutrophils froraheeow were split into 2 samples; one sample
was immediately frozen for subsequent analysisashbneutrophil status. The remaining

neutrophils were suspended in Dulbecco’'s modifizglées medium with 10% fetal bovine
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serum and 1% penicillin/streptomycin (Sigma-Aldrichemical Co.) and incubated with 1
ug/mL lipopolysaccharide (LPS, frof coli O55:B5, Sigma-Aldrich Chemical Co.) for 12 h.
Cells were frozen at —80°C until analysis of traig@bundance of tumor necrosis faator

(TNFa) and interleukin f (IL-15) in the basal state or after 12 h of LPS activatio

Transcript Abundance

Total RNA was extracted from neutrophils using eowercial kit (RNeasy Lipid Tissue
Mini Kit, Qiagen Inc., Valencia, CA) according tioet manufacturer's instructions. Two
micrograms of total RNA was used as template ferrdverse transcriptase reaction using
random primers (High-Capacity cDNA RT Kit, Appli@losystems, Foster City, CA).
Quantitative real-time PCR (gPCR) was performeduplicate on 96-well plates with 1/20 of
the cDNA product in the presence of 200 nmol/L gspecific forward and reverse primers with
real-time SYBR green fluorescent detection usin@dRYGreen Premix reagent (7500 Fast Real-
Time PCR System, Applied Biosystems). Primers wiesgned
(http://www.ncbi.nlm.nih.gov/tools/primer-blast)ing the following GenBank accessions to
generate these primer sequences (aB’p TNFa (NM_173966.3), forward
AAGTAACAAGCCGGTAGCCCA, reverse CTTCCAGCTTCACACCGTT@--15
(NM_174093.1), forward CACGTGGGCTGAATAACCCCGA, rase
AGGCAGTCGGGCATGGATCAGA; ribosomal protein subunifRPS9) (NM_001101152.2),
forward GAACAAACGTGAGGTCTGGAGG, reverse TTACCTTCGAMGACGCCG. All
sample values were normalized agaRBE9 (Mamedova et al., 2010), and relative gene

expression was quantified by using th&“2method.
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Adipose Tissue Biopsy

On d 35, tailhead subcutaneous adipose tissue samwgle collected from all cows. At
the time of sampling, the site was shaved and esdlgtprepared. The tailhead was then
anesthetized with 2 mL of 2% lidocaine hydrochlerién incision of 2 to 3 cm in length was
made between the tailhead and the tuber ischiiadimbse tissue was collected as described
previously (Smith and McNamara, 1990). Incisionsevdosed by a skin stapler (Oasis
Disposable Skin Stapler, Med-Vet International, téeg, IL). Tissue samples were trimmed to
eliminate contaminating tissue and were cut intalspieces (approximately 1 ¢jnOne
sample from each cow was embedded in Optimal Quitamperature compound (OCT, Tissue-

Tek, The Netherlands) and was frozen at -80°Cdbssquent analysis of adipocyte size.

Adipocyte Morphology

Adipose tissue cryosections (jith) were prepared on a cryostat (Microm HM550,
Thermo Fisher Scientific Inc., Kalamazoo, MI) andunted on SuperFrost slides (Thermo
Fisher Scientific Inc). Tissue sections were fixed% paraformaldehyde for 10 min, rinsed
twice with phosphate buffered saline, and covepslih Representative images were captured
using a Nikon Eclipse TI-U inverted microscope withx working distance magnification
(Nikon Instruments Inc., Melville, NY). Five repeagtative photomicrographs per animal were
captured using a Nikon DS-QiMc digital camera (Nikastruments Inc.). All the adipocytes in
each photomicrograph and at least 150 adipocytesgmeple were analyzed for adipocyte cross-
sectional area using NIS-Elements Imaging Softy8esic Research, 3.3; Nikon Instruments

Inc.).
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Calculations and Statistical Analysis

An insulin sensitivity measure, revised quantitatinsulin sensitivity check index

(RQUICKI) was calculated as (Holtenius and Holteni2z007): RQUICKI = 1/[log(® + log(l)

+ log(NEFA,)], where G = glucose (mg/dL),l= insulin @U/mL), and NEFA = NEFA

(mmol/L), such that a lower RQUICKI indicates gezansulin resistance. Insulin, determined in
ng/mL units, was converted f@J/mL units by assuming an activity of 25ull/ng (JAMA,

2010). The distribution of adipocyte area valuethimieach cow (from 5 randomly selected
cows) was plotted to assess the normality of thmufadion. In contrast to some previous reports
demonstrating bimodal adipocyte populations intneddy obese animals (Cruz et al., 2012),
adipocyte populations within animal were unimoduethis study. However, distributions were
right-skewed because of small numbers of very ladjpocytes. Therefore, median adipocyte
area from each cow was used instead of the meae @ further analysis.

One cow receiving CrPr+RPLM developed severe nisstit d 20 of treatment and was
subsequently removed from the study; no data wateated or analyzed for this cow. Data
were analyzed using ProcMIXED of SAS (version SAS Institute Inc., Cary, NC) to assess
the fixed effects of day, CrPr, RPLM, parity, alldrateractions, and the random effect of block.
With the exception of CrPr x RPLM, interactions eeemoved from models whéh> 0.30.

Data forTNFa andIL-15 transcript abundance in neutrophils were log-fiansed for analysis
and reported values are back-transformed. Repeatadures over time within cow were
modeled with an autoregressive (AR[1]) covariartogecsure. Denominator degrees of freedom
were estimated using the Kenward-Rogers methodiégalvere deemed outliers and omitted

from analysis when Studentized residuals were >B85-3.5. Significance was declaredPat
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0.05 and trends at 0.05”< 0.10. Treatment means were separated with pagivwests when

interactions were significant.

Results

Plasma Data

Plasma metabolite and hormone concentrations anersin Table 2. Glucose and NEFA
concentrations were not affecteld £ 0.10) by RPLM or CrPr. Compared with d 21, gkeo
tended to be decreased (50.5 vs. 53.1 £ 1.5 m&dL 0.10) and NEFA were decreased (223 vs.
342 + 22 uMP < 0.001) on d 35. Insulin was unaffectédX 0.10) by CrPr, but was increased
(P = 0.03) by RPLM, and was greater on d 35 compardid av21 (311 vs. 259 + 23 pg/mB,=
0.04). Although glucagon was not affect&d>0.10) by CrPr or RPLM, there was an interaction
of RPLM x day P = 0.04), reflecting increase® & 0.05) glucagon concentration (173 v. 159 +
5.6 pg/mL) by RPLM on d 35; no difference € 0.53) was detected on d 21. The RQUICKI
measure of insulin sensitivity did not show treatineffects P > 0.10), but tended to be
increased on d 35 compared with d 21 (0.569 vs360450.014,P = 0.08). Primiparous cows
tended to have lesser RQUICKI values than multiparcows (0.536 vs. 0.570 + 0.01# =
0.07).

Plasma leptin and adiponectin protein abundanag 2mis shown in Figure 1. Plasma

leptin protein abundance (Figure 1A) tended tonoegasedR = 0.09) by RPLM, but was
unaffected P > 0.10) by CrPr. In addition, there was a tendefocy CrPr x parity interaction

(P =0.08), reflecting decreasel £ 0.04) leptin abundance by CrPr in multiparous sdwut
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not (P = 0.53) in primiparous cows (Figure 1B). Plasmaadectin protein abundance (Figure

1C) was not altered®(> 0.10) by treatments.

Neutrophil Transcript Abundance

BasalTNFa transcript abundance (Figure 2A) in neutrophils wat affectedR > 0.10)
by treatment or day. After LPS activatidi\Fa transcript abundance increased compared with
non-stimulated controls, and tend€d<0.07) to be greater in cells collected on d @hpared
with d 35. Dietary CrPr increasel € 0.02)TNFa abundance in LPS-activated neutrophils
(Figure 2B). There was a RPLM x parity interact{n< 0.01), reflecting increas@dNFa
transcript abundance in LPS-stimulated neutrogtols primiparous cowsR < 0.01) and a
tendency for decreas@@NFo in multiparous cowsR = 0.07) in response to RPLM (Figure 2C).

BasallL-15 transcript abundance in neutrophils was decre@ed).05) by RPLM, and
tended to be increased by CrPr<0.08, Figure 3A). Bas#lL-15 transcript abundance was
increased between d 21 and d B5=(0.01), and was greatd? € 0.04) in primiparous cows than
multiparous cows (12.2 vs. 2.7 = 7.77 arbitrarytsiniAfter LPS activationL-14 transcript
abundance increased dramatically, but no treatoretiy effects® > 0.10) were observed
(Figure 3B). However, there was a RPLM x paritymtction P < 0.01), reflecting increaset-
15 transcript abundance in primiparous co®s=(0.03) and decreasé#d-14 in multiparous

cows P =0.01) in response to RPLM (Figure 3C).
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Adipocyte Morphology

Figure 4A depicts a representative photomicrogiedm adipose tissue cross-section.
Tailhead subcutaneous adipocyte cross-sectionalveais not affected®(> 0.10) by RPLM or
CrPr (Figure 4B), but was great& £ 0.02) in primiparous compared with multiparoosve
(4,942 vs. 3,577 + 42Im?). Median adipocyte cross-sectional area was pesjtcorrelated

with d 35 BCS P < 0.001, Figure 5), but not BWP ¢ 0.10).

Discussion

In this study, CrPr supplementation did not affdesma glucose, NEFA, insulin, or
glucagon concentrations in lactating cows. Modistsievaluating the effects of Cr
supplementation on dairy cattle metabolism have lseeducted in the periparturient period,
and effects on circulating hormones and metabaiitésctating animals have been limited.
Hayirli et al. (2001) reported that supplementimgiparturient cows with 0, 0.03, 0.06, and 0.12
mg/kg BW-"2of Cr as chromium-L-methionine (Cr-Mefecreased plasma insulin but did not
affect plasma glucose, glucagon, or NEFA conceptratin early lactation. Smith et al. (2008)
reported that supplementation of 0.03 or 0.06 m&W¢"of Cr as Cr-Met had no effects on
these plasma concentrations in early lactationitlespme alterations in late gestation.
Interestingly, we found that RPLM supplementatiocreased plasma insulin concentration.
Essential AA have long been considered to be plogimstimuli for insulin secretion in humans
(Floyd et al., 1966), but few studies have focusedhe influence of dietary AA
supplementation on insulin concentrations in daows. By feeding a rumen-protected
methionine product, Blum et al. (1999) observedeased plasma insulin concentrations in

lactating cows within 5 d of supplementation. Ie firesent study, although insulin was
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significantly increased by RPLM, this increase waslikely of great consequence for the
metabolism and performance of animals because otatabolites were unaffected.

One important characteristic of Cr is its modubateffect on insulin sensitivity. It has
been established that Cr supplementation alleviagesin resistance, enhances glucose
tolerance, and improves metabolism in obese or2ypi@abetic subjects (Cefalu et al., 2010; Kim
et al., 2011; Wang and Cefalu, 2010). Althoughrtiugle of action is not precisely known, Cr
has been shown to enhance insulin binding, ingatieptor abundance, and pancregeell
sensitivity (Wang and Cefalu, 2010). A recent pagso proposed that Cr improves insulin
action by activating glucose transporter 4 traffickand enhancing insulin-stimulated glucose
transport in adipocytes (Chen et al., 2006). Inkbeine, Sumner et al. (2007) reported that CrPr
supplementation improved glucose tolerance in gngwdolstein heifers. There has also been
interest in effects of Cr supplementation on inssknsitivity in the periparturient period (Sano
et al., 1993), when insulin resistance typicallgws (Bell and Bauman, 1997). Subiyatno et al.
(1996) found that supplementation of 0.5 mg Cr/ltg Beginning 6 wk prepartum increased
insulin sensitivity in primiparous but not multipais dairy cows at 2 wk before parturition.
Hayirli et al. (2001) reported that Cr-Met suppleration from 21 d prepartum to 28 d
postpartum improved glucose tolerance and insebponsiveness measured at 28 d postpartum
in multiparous dairy cows. Therefore, by modulatimgulin action, Cr may have significant
implications for health and performance of lactgtitairy cows. In the current study, we used
RQUICKI to estimate insulin sensitivity (Holteniasd Holtenius, 2007). We found that
RQUICKI tended to be lesser on d 21 compared widh dvhich is consistent with insulin
resistance in early lactation. Furthermore, RQUI@ded to be lesser in primiparous

compared with multiparous cows, indicating thathis study first-lactation heifers were
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relatively more insulin resistant. However, RQUIGMKas not affected by treatments, suggesting
that CrPr and RPLM did not alter insulin sensiivit

Neutrophils are the first line of immune defenséairy cows. Upon maturation,
neutrophils are released into circulation and iy roles for immune surveillance and defense
against pathogens (Burton and Erskine, 2003). Inragaieutrophil trafficking, phagocytosis, or
killing directly contribute to immunosuppressiordancreased disease incidence in early-
lactation cows (Kehrli et al., 1989). Among othendctions, neutrophils serve as a significant
source of pro-inflammatory cytokines, such as &MRd IL-13 (Sohn et al., 2007). These
cytokines are critical in activating and coordingtimmune responses. As a cell wall component
of Gram-negative bacteria, LPS frequently has hesex to stimulate immune cells; the capacity
of these activated cells to produce pro-inflammatiytokines can be used to assess the
competence of these immune cells (Mani et al., 2012

In this study, we evaluated the impactQyPr and RPLM supplementation on neutrophil
function by determiningNFa andIL-15 transcript abundance meutrophils in the basal state
and after 12 h of LPS activatiowe found thaCrPrdid not affect basalNFa transcript
abundance, but significantly increased its abunelafier LPS activation. These results suggest
that CrPr supplementation may improve innate imnmesponse upon activation. Several studies
have highlighted the role of Cr in bovine immuniBurton et al. (1993) reported that Cr
supplementation at 0.5 mg Cr/kg DM from 6 wk préypar through 16 wk postpartum increased
antibody responses to ovalbumin administrationraitdgen-stimulated blastogenesis of blood
monocytes in lactating cows. In addition, TdN&nd IL-2 production from mitogen-stimulated
monocytes was significantly decreased for cows lempgnted with Cr compared with controls,

particularly around peak lactation (Burton et 2996).
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Interestingly, RPLM increased LPS responsivenesgafrophils from primaparous
cows but decreased responsiveness of neutropbiits rfrultiparous cows, based on batkiF«
andIL-15 results. The reasons underlying the discrepapbreses to RPLM supplementation in
primiparous and multiparous cows are unclear. \We abserved that badal- 15 transcript
abundance in neutrophils was decreased by RPLMeartted to be increased by CrPr. Recent
research has suggested that AA play an importé&@mimommune modulation by regulating
immune cell activation, proliferation, antibody drection, and cytokine production, whereas
dietary AA deficiency directly impairs immune furart of animals (Li et al., 2007). For
example, lysine deficiency limits cytokine synttseand lymphocyte proliferation, and impairs
immune responses in chickens (Konashi et al., 2008)hionine supplementation markedly
enhanced several key aspects of innate and humuralne responses in chickens infected with
virus (Li et al., 2007). Although little researchshdirectly assessed the effects of these AA on
bovine inflammation and immune function, the intdi@n between these nutrients and immunity
warrants further research.

Several studies have been conducted in an attenmpbdulate lipolysis in lactating dairy
cows by dietary manipulations (Baumgard et al.,200cNamara and Valdez, 2005; Yuan et
al., 2012). For example, conjugated linoleic a€itlA, trans-10,cis-12 isomer) decreased milk
fat synthesis in lactating cows and reduced botgdaretion in growing animals by decreasing
de novo lipogenesis (Bauman et al., 2000). ReceAkier et al. (2011) reported that
supplementation of dairy cows with 100 g of CLAAb¢ut 6% each afis-9,trans-11 andtrans-
10,cis-12 isomers) for the first 100 d of lactation calesably decreased adipocyte sizes in
different fat depots. This finding supports the cgpt that adipocyte size is sensitive to altered

rates of lipogenesis or lipolysis in dairy cows (Néenara, 1991By feedingl0 mg/d Cras CrPr

94



to dairy cows from 21 d prepartum to 35 d postparticNamara and Valdez (2005)
dramatically increased adipose tissue lipogenasfpartum, but did not affect rates of lipolysis.
In the present study, however, we did not detdetes of CrPr or RPLM on subcutaneous
adipocyte size. Interestingly, adipocyte size wastpvely correlated with BCS, supporting the
observation that fatter cows typically have greathipocyte size (McNamara, 1991). In addition,
we found that adipocyte size was greater in prinoipa than multiparous cows (4,942 vs. 3,577
+ 427 um?, P = 0.02), which is consistent with the observatioat first-lactation heifers tended
to have greater BCS than multiparous cows (2.92v4€ + 0.085P = 0.07).

We also measured the protein abundance of seveydidrmones secreted from
adipocytes to assess adipose tissue endocrins.dtaftin is primarily secreted by adipocytes
and plays a central role in the regulation of fegdke, energy metabolism, and body condition
(Block et al., 2003; Ingvartsen and Boisclair, 2004 dairy cows, plasma leptin concentrations
have been shown to be positively related to bothefs (Kokkonen et al., 2005; Reist et al.,
2003). In this study, however, plasma leptin prothundance was not correlated with BES:(
0.53, f = 0.009, data not shown). Leptin abundance temmee increased by RPLM, and was
decreased by CrPr in multiparous cows. Adiponeeatnother adipokine secreted by adipose
tissue, plays a key role in glucose and lipid metialn (Kadowaki and Yamauchi, 2005).
Paradoxically, despite being produced in adipassié, adiponectin was negatively correlated to
body fatness in humans (Ahima, 2006; Kadowaki aath&uchi, 2005). In dairy cows, however,
a previous study did not detect a relationship betwplasma adiponectin concentrations and
BCS (Raddatz et al., 2008). Interestingly, we foamkgative correlatioP(= 0.02, f = 0.16,

data not shown) between plasma adiponectin prataimdance and BCS, which agrees with the
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human data mentioned above. Here, we did not fifedtts of CrPr or RPLM on adiponectin
protein abundance.

Taken together, our results indicate that suppléah€rPr (8 mg/d Cr), RPLM (10 g/d
Lys and 5 g/d Met), or both provided for 35 d hadimal effects on metabolism and adipocyte
size, but may modulate neutrophil function in lacgdairy cows. Neutrophil inflammatory
responses to pathogen-associated molecules mayhbaaed by CrPr supplementation and

RPLM can also influence these responses in a péependent manner.
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Table 3-1 Ingredient and nutritional composition ofthe basal diet

Ingredient % of DM
Corn silage 31.5
Alfalfa hay 23.4
Wet corn gluten feed 6.8
Ground corn 23.1
Whole cottonseed 4.6
Mechanically extracted soybean nfeal 2.1
Solvent extracted soybean meal 5.1
Ca salts of long-chain fatty acitls 0.8
Micronutrient premix 2.6

Nutrient, % as-fed

DM 57.9
oM 91.3
CP 16.7
NDF 31.7
ADF 20.1
fNDF° 22.1
NFC 39.8
Ether extract 3.1
GE, Mcal/kg 411
DE?®, Mcal/kg 3.34
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ME’ Mcal/kg 2.92
NE_®, Mcal/kg 1.87

Model-predicted ME Mcal/kg 2.50

'SweetBran, Cargill Inc., Blair, NE

’Soy Best, Grain States Soya, West Point, NE

3Megalac-R, Church & Dwight Co, Princeton, NJ

*Premix consist of 45.1% limestone, 32.2% of sodhicarbonate, 6.4%
magnesium oxide, 5.2% sodium chloride, 5.2% vitafGipremix (44
IU/g), 0.45% vitamin A premix (30 1U/g), 0.19% witan D premix (30
IU/g), 2.1% 4-Plex (Zinpro Corp., Eden Prairie, Md¢intains 2.58% Zn,
1.48% Mn, 0.90% Cu, 0.18% Co, 8.21% Met, and 3.80%), 0.96%
selenium premix (600 ppm Se), 0.45% Zinpro 100 gzon Corp.;
contains 10% Zn and 20% Met), 0.03% ethylenediandimgdriodide
premix (3.65% 1), 0.88% Kallsil (Kemin Industriegnd 0.88% Myco
CURB (Kemin Industries).

*forage NDF

°DE = (Gross energy intake — gross energy in feDdsl)/

'ME =[1.01 x (DE, Mcal/kg) - 0.045] + 0.0046 x (E®,-3).

8\NE_. = 0.703 x ME (Mcal/kg) — 0.19 + [(0.097 x ME, Mba +
0.19)/97] x [EE, % -3].

*ME predicted by CNCPS 6.1 (NDS version 3, Rumifdahagement &

Nutrition, Reggio Emilia, Italy).
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Table 3-2Effects of chromium propionate (CrPr) and rumen-protected lysine and methionine

(PRLM) on plasma metabolites and hormones in lactatg dairy cows on d 21 and 35 of dietary

treatment. Values are least squares means across d 21 and 35.

Treatment P value
ltem Control CrPr RPLM  CrPr+RPLM SEM CrPr RPLM Day
Glucose, mg/dL 51.4 51.9 52.2 51.8 2.0 0.96 0.83 100.
Insulin, ng/mL 0.259 0.247 0.273 0.357 0.032 0.20 0.03 0.04
NEFA, uM 314 292 287 238 38 0.34 0.28 <0.001
Glucagofi, ng/mL 0.163 0.173 0.169 0.173 0.006 0.30 0.38 70.2
RQUICK® 0.522 0.533 0.534 0.533 0.015 0.68 0.64 0.08

! No interactions were significant except as notedyfucagon.

RPLM x day interaction® = 0.04). Glucagon concentration was increased®iyNRon d 35

(0.173 vs. 0.159 + 0.006 ng/mB,= 0.05), but not on d 21 (0.173 vs. 0.169 + 0.696nL, P =

0.53).

% Revised quantitative insulin sensitivity checkerdHoltenius and Holtenius, 2007).
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Figure 3-1Plasma leptin and adiponectin protein abundancin lactating dairy cows
supplemented with control, chromium propionate (CrR), rumen-protected lysine and
methionine (RPLM), or both (CrPr+RPLM). Plasma samples were collected on d 3
dietary treatment, and protein abundance was measyr Western blo(A): There werea
tendency for increased lepttoundance in response to RPLP = 0.09) but no effects cCrPr
(P=0.33) or RPLM x CrPrH = 0.56).(B): A tendency for a CrPr parity interaction wa
detectedP = 0.08) reflecting decrease(P = 0.04)leptin abundance by CrPr in multiparc
cows, but not in primiparous coyP = 0.53). C): Relative abundance of adiponectin was
affected by RPLMP = 0.18), CrPrP = 0.66), or RPLM x CrPR = 0.19).Error bars are SEN

n=12.
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Figure 3-2 Neutrophil transcript abundance of tumornecrosis factora (TNFea) in the basal
state or after 12 h of lipopolysaccharide (LPS, fig/mL) activation. Cows were supplemented
with control, chromium propionate (CrPr), rumen{pited lysine and methionine (RPLM), or
both (CrPr+RPLM). Neutrophils were isolated fromoddl samples collected on d 21 and 35 of
dietary treatmentsA(): BasalTNF« abundance was not affected by RPLRH0.59), CrPrR =
0.82), or RPLM x CrPrH = 0.53). There was a tendency for a CrPr x dayacten € = 0.09),
but CrPr did not affectR > 0.10)TNFa transcript abundance on either d 21 or 35 (data no
shown). B): LPS-activated'NFa transcript abundance was increaded (0.02) by CrPr
supplementation but there were no effects for RREM 0.14) or RPLM x CrPRR = 0.76);

TNFa transcript abundance tended to be gre&er (.07) on d 21 compared with d 35 (data not
shown). C): LPS-activatedNFa transcript abundance was affected by an RPLM #ypar
interaction P < 0.01), reflecting increas@NF« transcript abundande primiparous cowsR <
0.01) and a tendency for decrea3éFa transcript abundance in multiparous co®s=(0.07) in

response to RPLM. Error bars are SEM, n = 6.
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Figure 3-3 Neutrophil transcript abundance of intedeukin 1f (I1L-18) in the basal state or

after 12 h of lipopolysaccharide (LPS, Jng/mL) activation. Cows were supplemented with
control, chromium propionate (CrPr), rumen-protddtesine and methionine (RPLM), or both
(CrPr+RPLM). Neutrophils were isolated from blo@shgles collected on d 21 and 35 of dietary
treatments.A): BasallL-1f transcript abundance was decreased (0.05) by RPLM, and

tended to be increasel € 0.08) by CrPr, but there was no RPLM x CrPrriaatéon @ = 0.13).
(B): LPS-activatedL-1p transcript abundance was not affected by RPEM (0.91), CrPrR =
0.60), or RPLM x CrPrK = 0.54). C): LPS-activatedL-1/5 transcript abundance was affected
by a RPLM x parity interactiorP(< 0.01), reflecting increasdd-14 transcript abundance
primiparous cowsK = 0.03) and decreas#id-1 transcript abundance in multiparous coRs=(

0.01) in response to RPLM. Error bars are SEM& =
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Figure 3-4 Subcutaneous adipocyte size in lactatindpiry cows.Cows were supplemented
with control, chromium propionate (CrPr), rumen4{pited lysine and methionine (RPLM), or
both (CrPr+RPLM). Adipose tissue samples were ctalg from the tailhead on d 35 of dietary
treatment for assessment of medimri %0 cells/cow) cross-sectional area of adipocytes.
there were no effects of RPLNP & 0.14), CrPrR = 0.58), or RPLM x CrPr{ = 0.46) on
adipocyte size.R): a representative photomicrograph (original magation 10 x) of adipose

tissue section. Scale bar, 10®.
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Figure 3-5Correlation between median cros-sectional area of abcutaneous adipocyte:
and body condition score (BCS, on d 35) in lactatndairy cows Adipose tissue sampls
werecollected on d 35 of dietary treatm¢ Adipocyte sizes were positively correlated with B

(P < 0.001,7=0.38).
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Abstract

The objective of this study was to assess the sflgfcsupplementing a yeast product
derived fromSaccharomyces cerevisiae on production, feeding behavior, and metabolism in
transition cows. Forty multiparous Holstein cowsevblocked by expected calving date and
randomly assigned within block to 1 of 4 treatménts 10) from 21 d before expected calving
to 42 d postpartum. Rations were top-dressed wyiaat product (yeast culture plus
enzymatically hydrolyzed yeast; Celmanax, Vi-CORaddn City, IA) at the rate of 0, 30, 60, or
90 g/d throughout the experiment. Dry matter antewiatake, feeding behavior, and milk
production were monitored. Plasma collected on-211, 4, 7, 14, 21, and 35 d relative to
calving were analyzed for glucogehydroxybutyrate (BHBA), and nonesterified fattydsc
(NEFA). Data were analyzed using mixed models wefteated measures over time. Pre- or
postpartum dry matter intake (DMI) and water intdict not differ > 0.10) among treatments.
There were quadratic dose effed®s0.05) for prepartum feeding behavior, reflecting
decreased meal size, meal length, and intermealadt and increased meal frequency for cows
received 30 and 60 g/d of yeast products. Postpaieeding behavior was unaffectd?lX 0.10)
by treatments. Milk yields were not affectdtiX 0.10; 45.3, 42.6, 47.8, and 46.7 kg/d for 0O, 30,
60, and 90 g/d, respectively) by treatments. Teai@srfor increased (0.05~< 0.10)
percentages of milk fat, protein, and lactose vadettected for cows receiving yeast. Yeast
product increased(< 0.01) plasma BHBA and tended to decre&se (.06, quadratic dose
effect) glucose, but did not affect NEFA. Yeastdurct supplementation during the transition

period did not affect milk production and DMI, bmbdulated feeding behavior and metabolism.

Key words: feeding behavior, metabolism, transition cow, yeast
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Introduction

The transition from late gestation to early lactatin dairy cows is characterized by
dramatic energy requirements for milk synthesis seatetion, inadequate feed intake, and
substantial metabolic stress (Grummer, 1995). Toerethe transition period directly
determines the lactational performance, health,paofitability of dairy cows. Yeast products
derived fromSaccharomyces cerevisiae have been added to diets in an attempt to improve
ruminal fermentation, feed intake, and milk yidithnn et al. (2000) reported that yeast culture
supplementation at 60 g/d from approximately 2Xappartum to 140 d postpartum increased
DMI during both the last 7 d prepartui € 0.01) and the first 42 d of lactatida € 0.05) in
Jersey cows. A recent transition cow study (Ramstraj., 2009) reported that yeast culture
supplementation at 57 g/d from approximately 2Xepprtum to 21 d postpartum improved
prepartum DMI P < 0.01) and postpartum milk productidh< 0.01). Desnoyers et al. (2009)
conducted a quantitative meta-analysis using 1pémxents to assess the responses to yeast
supplementation, and found that yeast producteasad rumen pH, DMI, milk yield, and
tended to increase milk fat content. These dataatel that yeast products may modulate the
metabolism and improve the production of dairy coWse objectives of this study were to
assess whether a yeast product alters milk pramludieding behavior, and biomarkers of lipid

and glucose metabolism in transition dairy cows.

Materials and Methods

The Kansas State University Institutional Animar€and Use Committee approved all

the experimental procedures.
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Design and Treatments

Forty multiparous Holstein transition cows from t@nsas State University Dairy Cattle
Teaching and Research Facility were used in a rarmiml complete block design. Cows were
blocked by expected calving date (10 blocks), amtlomly assigned within block to 1 of 4
treatments 21 d before their expected calving dad&s remained on their respective treatments
through 42 d postpartum. Cows received a yeastugtdgieast culture plus enzymatically
hydrolyzed yeast; Celmanax, Vi-COR, Mason City, &) rate of 0, 30, 60, or 90 g/d. Yeast
product was administered daily to each cow in teattnent groups by top-dressing and
manually mixing the premix into the upper part atle TMR. Diets were formulated to meet or
exceed NRC (2001) requirements (Table 1). Samflesra silage were collected weekly; all
other dietary ingredients were collected biweeklg atored at -20°C. Upon study completion,
feed ingredients were composited monthly for ansllgg NIR or wet chemistry by Dairy One

Forage Laboratory (Ithaca, NY).

Management of Cows, Data Collection, and Sample Analysis

Dry cows were moved into the maternity barn apprately 1 wk before entering the
study. Cows were allowed ad libitum access to gmghated treatment rations by an electronic
gating system (Roughage Intake System, Insenteg Blatknesse, The Netherlands). After
parturition, cows were moved into a tie-stall fagilvhere they remained through 42 d
postpartum. Individual feed bunks in the tie-stadlility were suspended from individual load

cells and bunk weight was monitored continuouslgbmputer. Feed weights and times were
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stored prior to and immediately after any deviatiobunk weight. Dry cows were fed twice
daily (1100 and 1800 h), and lactating cows wedetfgce daily (1200 and 1900 h). All cows
were fed for ad libitum intake. All feeding actigitincluding meal length and size, were
recorded electronically. As-fed feed intake of eeav was recorded on a daily basis. As-fed
ration consumption was adjusted for DM contentdetermination of meal and daily DMI. Dry
matter percentage was determined for each montimposited feed ingredient; these values
were used to determine ration DM for each monthtéMaas offered ad libitum and individual
water consumption was measured daily throughoustiiny.

Cows were milked 3 times daily in a milking parlbtilk yields were recorded at each
milking. Milk samples were collected at each mitkion 3 consecutive days each week, and
were analyzed for concentrations of fat, true pnpt@ctose (B-2000 Infrared Analyzer; Bentley
Instruments, Chaska, MN), and urea nitrogen (MUBktspphotometer, Bentley Instruments).
Energy-corrected milk yield was calculated as: Z0.8 milk yield) + (12.86 x fat yield) + (7.65
x protein yield) (Dairy Records Management Syste2040). Solids-corrected milk production
was calculated as: (12.3 x %fat) + (6.56 x %satide-fat) — (0.0752 x milk yield) (Tyrrell and
Reid, 1965). Body condition score was evaluatedkiyee

Blood samples were collected on d -21, -14, -4, %7, 21, and 35 relative to calving
from the coccygeal vessels 1 h prior to feedingprgimately 20 mL of blood was collected
into 4 tubes (Vacutainer, Becton Dickinson, Framklakes, NJ, USA): one 7-mL tube
containing potassium EDTA, one 3-mL tube contairpotassium EDTA, one 5-mL tube
containing heparin, and another 7-mL tube contgipiotassium oxalate with sodium fluoride as
a glycolytic inhibitor. Blood samples from the 7-mhbtassium EDTA tube and the 7-mL tube

containing potassium oxalate with sodium fluoriderevcentrifuged at 2000g«for 10 min

120



immediately after sample collection, and plasma asested and frozen at -20°C until
subsequent analysis of glucose, BHBA, and NEFAsRéasamples were analyzed for NEFA
using an enzymatic colorimetric procedure (NEFA-RM¥3ko Chemicals USA, Richmond, VA),
glucose by a colorimetric kit (kit #439-90901, Wakbemicals USA), and BHBA using an
enzymatic reaction (kit #H7587-58, Pointe Scieaqtifhc.). Absorbance was read on a
spectrophotometer (Powerwave XS, Biotek Instrumeffisooski, VT, USA) and calculations
were conducted using Gen5 software (Biotek Instnis)eBlood collected from the 3-mL
potassium EDTA tube and the 5-mL tube containingghni@ were analyzed for hematology and

whole blood bactericidal capacity, respectivelyp@eed in Yuan et al., 2014).

Data and Statistical Analysis

One cow in the 0 g/d treatment group was remova the study on d 30 postpartum
due to difficulty standing up in the tie-stall. Raibtained from this cow prior to removal were
included in all analyses. Feeding behavior vargsblere calculated from logged data that
included the start and end weights as well as atattend times of meals. Meals were combined
if intermeal interval was less than 12 min, a cidteised in our previous study (Mullins et al.,
2012) that used the same feeding systems and hypifagiitities. Data were analyzed using mixed
models with repeated measures over time. Modeladed the fixed effects of treatment, time,
and their interaction, and the random effect of c@antrast statements were used to assess the
overall effect of yeast product (control vs. alageproduct treatments), as well as the linear and
guadratic effects of dose. If treatment by timeetff were significant, slices were used to assess
effects on specific days. Values were deemed osittird omitted from analysis when

Studentized residuals were greater than > |3.0¢r Afitial outlier removal, the model was
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repeated and Studentized residuals greater thaud[nere deemed outliers. Prepartum and
postpartum measures were analyzed separately foy Waler intake, and feeding behavior

variables. Significance was declaredPat 0.05 and tendencies at 0.0 < 0.10.

Results

There were no significant differences among grangsepartum dietary treatment
length (18.1, 18.8,17.8, and 17.2 + 1.32 d f@®,60, and 90 g/d, respectiveR/= 0.86).

Actual calving dates ranged from 13 d before exgmkchlving to 5 d after expected calving.

Feed I ntake, Water | ntake, and Feeding Behavior

Results of feed intake, water intake, and feediggglvior are shown in Table 2 and
Figure 1. As expected, across all treatments, DédrelasedR < 0.01) before calving, and
increasedl < 0.01) after parturition. Water intake tendedéodecreasedP(= 0.09) before
calving, and increased dramaticalB/<€ 0.01) after parturition. Pre- or postpartum Dévhid
water intake did not diffel{ > 0.10) among treatments. There were quadratie dffects P <
0.05) for prepartum meal size, meal length, mesjdency, and intermeal interval, reflecting
decreased meal size, meal length, and intermealadt and increased meal frequency for cows
receiving 30 and 60 g/d doses. Postpartum feedthg\ior was not affecte@® ¢ 0.10) by

treatments.

122



Milk Production and Body Condition

As shown in Table 3 and Figure 1A, milk yield waxt affected P > 0.10) by treatments.
There was a tendency for increasBd=(0.09, quadratic dose effect) milk fat percentimgeows
receiving 30 and 60 g/d doses. Tendencies for &ase@ percentages of milk proteih% 0.08,
linear dose effect) and lactoge=£ 0.10, linear dose effect) were detected witlhgasing dose.
Milk composition yields, SCM, and ECM (Figure 1B not affectedR > 0.10) by
treatments. Body condition score (Figure 1C) deszdalramaticallyR < 0.01) after calving, but

was unaffectedR = 0.90) by treatments.

Plasma Metabolites

As shown in Figure 3, significant day effedis< 0.01) were observed for plasma
glucose, BHBA, and NEFA, reflecting dramatic metaband endocrine changes during the
transition period. There was a tendency for a cataddose effectR = 0.06) for glucose,
indicating that 30 and 60 g/d doses tended to dserplasma glucose (69.6, 66.1, 67.0, and 68.7
+ 1.33 mg/dL for 0, 30, 60, and 90 g/d, respectyivéiroughout the experimental period), but no
yeast product vs. contrdP (= 0.14), linear dosd”(= 0.75), or treatment x dal € 0.99) effects
were detected. Interestingly, compared with conyreast product increased plasma BHBEA(
0.01; 661.0, 882.0, 759.8, and 736.4 = 41.3 uM){A@0, 60, and 90 g/d, respectively,
throughout the experimental period). A significgnadratic dose effecP(< 0.01) was also
detected. Although plasma NEFA was numericallyeased by 30 and 60 g/d doses=(0.12,
guadratic dose effect; 496.8, 565.7, 566.3, and¥48@8.7 uM for 0, 30, 60, and 90 g/d,
respectively, throughout the experimental period)yeast product vs. contrd® € 0.47) or

treatment x dayR = 0.73) effects were detected.
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Discussion

The transition period imposes tremendous streskaoyg cows and may result in
inadequate nutrient and energy intake to supperotiset of lactation. In this study, we
attempted to evaluate if yeast product supplemientatould modulate DMI, feeding behavior,
and milk production of transition cows. We foundttbbM and water intake decreased before
parturition and increased dramatically after cadyibut were not affected by treatments either
pre- or postpartum. Dann et al. (2000) reportetybast culture increased DMI both pre- and
postpartum in Jersey cows. Ramsing et al. (20@®ntéy reported that cows supplemented with
yeast culture at 57 g/d throughout the transitienqa had an increased prepartum DMI by 1.5
kg/d (P < 0.05), but postpartum DMI was not affected l®atments. Other studies (Robinson,
1997; Arambel and Kent, 1990; Swartz et al., 19Bd)yever, reported no effects of yeast
products on DMI.

Changes in DMI ultimately result from changes ied&g behavior, quantified as
number of meals consumed daily, the length of @aehl, and the rate of eating that occurs
during meals (Grant and Albright, 1995). Similatite changes in DMI, we observed that most
of the feeding behavior variables changed over gitieer pre- or postpartum. Consistent with
the finding (Ramsing et al., 2009) that yeast ¢elincreasedR = 0.02) the number of meals per
day in prepartum cows, we observed increased megliéncy for cows received 30 and 60 g/d
treatments. Ramsing et al. (2009) reported noiffee in prepartum meal size, but here we
detected a quadratic decrease in treated cows:eblsens for the discrepancies between the 2
studies are not clear, but differences in feedysgesns, meal criteria and calculation methods,

and treatment products may have contributed. Irstudy, the increase in meals consumed per
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day and decreased meal size may result in moraestensprepartum intake patterns throughout
the day. Although not measured directly, this matkd feeding behavior may be associated
with improved rumen fermentation characteristicsaisponse to yeast product supplementation
(Marden et al., 2008; Piva et al., 1993; Yoon atefr§ 1996). Although no significant treatment
effects were observed for postpartum feeding bemathe numerically increased meals
consumed per day(= 0.19) and decreased meal siRe=(0.14) postpartum did seem to be
similar to the patterns observed prepartum. Ifefesanges would attenuate fluctuations of
rumen pH, then yeast product would especially betiedse early-lactation cows by allowing
them to better adapt to the sudden dietary shishauld be noted that cows were housed in free-
stall prepartum and in tie-stall facilities postpan, and the changes in feeding patterns from
pre- to postpartum likely reflect differences iedéng behavior of cows in pen vs. tie-stall
housing (Grant and Albright, 1995) in addition ttr@e stage of production effect. Regulation of
feeding behavior and feed intake is complex, armbmrolled by gut fill and chemostatic
mechanisms. Factors such as feeding managemeirgranent, health, and social interactions
could affect feeding behavior and feed intake al$ (@&ant and Albright, 1995).

Milk and milk component yields were not affectedy®ast product supplementation,
although there were tendencies for a quadratieass in milk fat percentage and linear
increases in milk protein and lactose percentagésimcreasing dose. Many studies (Arambel
and Kent, 1990; Swartz et al., 1994; Robinson, 18&Forted no significant effects of yeast
products on milk yield, and a few experiments régubpositive milk responses (Nocek et al.,
2011; Ramsing et al., 2009). These data suggdstillaproduction responses to yeast product
supplementation are rather variable; differencqsanities, stages of lactation, product

derivation, and environmental conditions couldcalhtribute to the discrepancies. Given the
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large variability in lactational performance in lgdactation, more animals are needed to achieve
adequate power to detect differences in milk respsn

The dramatic changes in plasma metabolites thraughe transition period are similar
to the patterns observed in previous studies (Metay., 2011; Mullins et al., 2012).
Supplementation of 30 and 60 g/d tended to decrgasena glucose. Although not significant,

30 and 60 g/d treatments numerically increasechpdsSEFA. Interestingly, yeast product
increased plasma BHBA, and a significant quadicuige effect was also detected, reflecting that
the 30 g/d dose had the greatest effect in eley&@HBA. These changes point to an enhanced
lipid mobilization in treated cows, which is cortsist with the finding that 30 and 60 g/d doses
tended to increase milk fat percentage. The reasoaerlying this observation are not clear, but
it is unlikely that yeast product had a direct effen lipid metabolism. In fact, cows receiving 30
g/d had a numerical decrease in postpartum DML Dbk@/d, and decreased feed intake in the
transition period is a key risk factor for elevai@dBA and ketosis (Grummer, 1995).

Together, these data suggest that yeast produglesnentation did not affect milk
production or DMI, but modulated feeding behaviond anetabolism in transition dairy cows.
Given the numerical differences in milk responsas @MI, together with changes of lipid
metabolism markers, the 30 g/d dose did not betiefge cows; rather, it seems that 60 g/d dose

provided the most benefits from the production aredabolic health standpoint.
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Table 4-1 Ingredient and nutrient composition of dets.

ltem Prepartum Postpartum

Ingredient, % of DM

Corn silage 29.5 15.9
WCGF 21.3 34.3
Alfalfa hay - 14.2
Wheat straw 10.9 3.3
Prairie hay 16.8 -
Cottonseed - 5.0
Ground corn 3.4 11.2
Dry rolled sorghum grain 3.4 6.4
Mechanically extracted 12.3 4.8

soybean meal

Molasses 1.2 1.2
Ca salts of long-chain fatty - 0.8
acid$

Micronutrient premix 1.3 2.9

Nutrient, % of DM

DM, % as-fed 45.4 51.1
CP 13.0 17.7
Starch 21.1 20.2
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ADF 24.4 16.9

NDF 42.5 31.0
NFC 33.8 41.1
Ether extract 3.3 4.2
Ash 6.0 8.3

! SweetBran, Cargill Inc., Blair, NE

2Soy Best, Grain States Soya, West Point, NE

¥Megalac-R, Church & Dwight Co, Princeton, NJ

* Prepartum premix consist of 53.0% vitamin E pre(di 1U/g), 11.6% selenium premix (600
ppm Se), 10.5% trace mineral salt, 9.6% vitaminrénmx (30 1U/g), 6.4% 4-Plex (Zinpro
Corp., Eden Prairie, MN; contains 2.58% Zn, 1.48%, B190% Cu, 0.18% Co, 8.21% Met, and
3.80% Lys), 4.3% vitamin D premix (30 1U/g), 4.3%imRensin 90, and 0.48% ethylenediamine
dihydriodide premix (3.65% I).

Postpartum premix consist of 47.5% limestone, 2708%odium bicarbonate, 10.1% trace
mineral salt, 6.4% magnesium oxide, 4.5% vitampr&mix (44 1U/g), 1.79% 4-Plex (Zinpro
Corp., Eden Prairie, MN; contains 2.58% Zn, 1.48%, B190% Cu, 0.18% Co, 8.21% Met, and
3.80% Lys), 1.1% selenium premix (600 mg/kg Se§6% vitamin A premix (30 IU/g), 0.01%

vitamin D premix (30 IU/g), and 0.03% ethylenediamdihydriodide premix (3.65% I).
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Table 4-2 Feed intake and feeding behavior duringhe experimental period.Values are least squares means £ SEM, n = 9-10.

Treatment P value
ltem Og 30g 60g 90g SEM  Yeastvs. Control LineQuadratic
Prepartum DMI, kg/d 12.1 11.9 12.6 12.1 0.51 0.86 0.77 0.76
Prepartum water intake, L/d 49.0 48.3 49.0 51.3 823 0.84 0.48 0.53
Meal frequency, d 10.1 11.4 11.2 10.0 0.45 0.12 0.80 0.01
Intermeal interval, h 208 187 194 208 0.08 0.18 0.86 0.02
Meal size, kg DM 1.23 1.06 1.16 1.24 0.06 0.27 0.68 0.04
Meal length, min 20.6 17.7 17.3 21.1 1.58 0.31 0.87 0.04
Postpartum DMI, kg/d 21.8 19.7 21.5 22.8 1.13 0.73 0.34 0.14
Postpartum water intake, L/d  105.6 96.1 105.6 105.25.15 0.59 0.72 0.40
Meal frequency, d 12.8 13.1 13.5 12.2 0.62 0.85 0.62 0.19
Intermeal interval, h 150 150 142 160 0.08 0.90 0.53 0.29
Meal size, kg DM 1.81 1.69 1.76 1.93 0.10 0.87 0.34 0.14
Meal length, min 26.4 25.0 25.3 26.7 1.11 0.56 0.80 0.19
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Table 4-3 Milk production and composition during the experimental period.Values are least squares means = SEM, n = 9-10.

Treatment P value
ltem Og 30g 60g 90g SEM Yeast vs. Control LineQuadratic
Milk yield, kg/d 45.3 42.6 47.8 46.7 2.53 0.90 0.39 0.72
Milk fat, % 411 4.38 4.33 4.17 0.13 0.20 0.80 0.09
Milk protein, % 299 2.89 3.04 3.12 0.07 0.76 0.08 0.17
Milk lactose, % 477 4.74 4.84 4.85 0.05 0.45 0.10 0.67
MUN, mg/dl 13.3 14.1 13.4 13.9 0.63 0.44 0.65 0.81
Fat yield, kg/d 181 1.82 2.02 1.90 0.09 0.32 0.24 0.46
Protein yield, kg/d 134 1.21 1.42 1.42 0.08 0.86 0.17 0.42
Lactose yield, kg/d 216 2.03 2.32 2.26 0.13 0.78 0.30 0.79
SCM', kg/d 44.5 42.7 48.5 46.5 2.32 0.58 0.24 0.96
ECM?, kg/d 48.5 46.5 52.4 50.5 2.45 0.63 0.26 0.99

1SCM = (12.3 x %fat) + (6.56 x % solids-non-fatp-Q752 x milk yield); (Tyrell and Reid, 1965)

2ECM = (0.327 x milk yield) + (12.86 x %fat) + (7.65%protein); (Dairy Records Management System&0p0
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Figure 4-1Dry matter intake (A), water intake (B), meal size&(C), meal length (D), number
of meals (E), and intermeal interval (F) during theexperimental period.Yeast product was
supplemented at 0, 30, 60, or 90 g/d to transii@iny cows from 21 d before expected calving
to 42 d after calving. No treatme ¢ 0.10) or treatment x daf? & 0.10) effects were
observed for these variabled)( Day effects P < 0.01) both pre- and postpartum were
observed; prepartum SEM = 0.86, postpartum SEMi£.1B): A tendency for day effect
prepartum P = 0.09) and a day effect postpartum<0.01) were observed; prepartum SEM =
4.63, postpartum SEM = 7.0Z). Day effectsP < 0.01) both pre- and postpartum were
observed; prepartum SEM = 0.11, postpartum SEMLZ.(D): Day effects P < 0.01) both pre-
and postpartum were observed; prepartum SEM = pdiipartum SEM = 1.81E]: A

tendency for day effect prepartuf £ 0.07) and a day effect postpartum= 0.03) were
observed; prepartum SEM = 0.93, postpartum SEM8.XF): A day effect was observed
prepartum P < 0.01), but not postpartur® € 0.18); prepartum SEM = 0.17, postpartum SEM =

0.14. Values are least squares means + SEM, nG=férAll.
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Figure 4-2Milk yield (A), ECM (B), and BCS (C) during the experimental period. Yeast
product wasupplemented at 0, 30, 60, or 90 g/d to transd@iny cows from 21 d befol
expected calving to 42 d aftealving. No treatmeniP > 0.10) or treatment day (P > 0.10)
effectswere observed for these variableA) A week effect P < 0.01)was observe (B) A

week effectP < 0.01) was observ. (C) A day effect P < 0.01) was observeWfalues are least

squares means + SEM, n =10-for all
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Figure 4-3 Concentrations of plasma metabolites during the exgrimental period. Yeast
productwas supplemented at 0, 30, 60, or 90 g/d to tiansitairycows from 21 d befor
expected calving to 42 d after calvinA) NEFA: There was a day effed® € 0.01, and a
tendency for quadratidose effec (P = 0.06), but no yeast product vs. cont®H0.14), linear
dose P = 0.75), or treatment day (P = 0.99) effects.§) BHBA: There were dayP < 0.01),
yeast product vs. contrdP 0.01), and quadra dose P < 0.01) effects, but no line dose P

= 0.57) or treatment x daf? & 0.20 effects. * indicates significant differencgz< 0.05). C)
NEFA: There was a day effed® & 0.01), but no yeast product vs. conti®H0.47), linea dose
(P =0.83), quadratic dos® £ 0.12), ortreatment x dayR = 0.73) effectsValues are leit

squares means + SEM, n =10-for all
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Abstract

The transition from late gestation to early lactatis characterized by substantial
metabolic stress and suppressed immune functiomobfective of this study was to assess the
effects of supplementing a yeast product derivethfaccharomyces cerevisiae on immunity
and uterine inflammation in transition cows. Farultiparous Holstein cows were blocked by
expected calving date and randomly assigned wiiluok to 1 of 4 treatments (n = 10) from 21
d before expected calving to 42 d postpartum. Ratiere top-dressed with a yeast product
(yeast culture plus enzymatically hydrolyzed ye@sttmanax, Vi-COR, Mason City, IA) at the
rate of 0, 30, 60, or 90 g/d throughout the expenmColostrum samples were collected
immediately after calving for analysis of immundghtin G (IgG) concentrations. Milk somatic
cell count (SCC) was analyzed and converted to soroall linear score (SCS). Blood samples
collected on -21, -7, 1, 4, 7, 14, 21, and 35 dtie& to calving were analyzed for hematology
and leukocyte differential and plasma haptogloingle blood samples were incubated vith
coli (# 51813) to assess the ability of blood to katteria. Cows were challenged on d -21, -7,
and 14 with subcutaneous administration of ovallowvith adjuvant; plasma samples collected
ond -21, -14, and 21 were analyzed for anti-ovalioulgG content to assess humoral immune
response. Fecal samples were collected on d 7 lfat 2nalysis of IgA concentration. Uterine
samples were collected on d 7 and 42 postpartuaytmprush technique to determine neutrophil
populations and relative abundance of transcriptsived in inflammation. Data were analyzed
using mixed models with repeated measures over Gorcentrations of colostrum IgG were
unaffected P > 0.10) by treatments. A treatment x wk interaci@ < 0.01) was observed for
SCS, reflecting a tendency for a quadratic dosscetin wk 1 (2.34, 2.85, 1.47, and 4.06 £ 0.59

for 0, 30, 60, and 90 g/d, respectivdPy= 0.08), and a quadratic dose effect on wk 5 (1-34.5,
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-1.07, and 0.35 £ 0.64 for 0, 30, 60, and 90 gddpectivelyP = 0.02). Platelet count was
increased by yeast produé&t € 0.04). Plasma haptoglobin concentrations weteafiected P >
0.10) by treatments. Percentage&ofoli killed by whole blood were not affecteld ¢ 0.10) by
treatments. Yeast product linearly increade& (0.01) plasma anti-ovalbumin IgG levels on d 21,
suggesting that treatments enhanced humoral imgufgast product quadratically increased
fecal IgA concentrationd?(= 0.03), suggesting that 30 and 60 g/d doses eeldanucosal
immunity. Uterine neutrophil populations were muggbkater in samples collected on d 7
compared with those on d 42 (32.0 vs. 7.6 £ 3.7 %ells, P < 0.01), reflecting neutrophil
infiltration immediately after calving, but no ttezent effect P = 0.53) was detected. There
were significant day effect® & 0.01) forlL-6, IL-8, neutrophil myeloperoxidase, and

neutrophil elastase MRNA in uterine sample, reflecting greater abumeéanf these transcripts
collected on d 7 compared with d 42. Interestintigre was a quadratic dose effdet0.02)
for IL-6, indicating that 30 and 60 g/d decreased utdti@mRNA. The mRNA abundance of
neutrophil myeloperoxidase andelastase was increased(< 0.05)by yeast product. Yeast
product supplementation enhanced humoral and muicosainity, and modulated uterine

inflammatory signals and mammary gland healthandition dairy cows.

Key words: immunity, transition cow, uterine inflammation agt
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Introduction

The transition from late gestation to early lactatis characterized by substantial
metabolic stress and suppressed immune functioichwhay contribute to the markedly
elevated incidence of health disorders in earlyalégan dairy cows (Goff and Horst, 1997).
Therefore, it is critical to develop effective ntitmal strategies that could modulate the
immunity of these animals. Yeast products derivechiSaccharomyces cerevisiae have been
shown to improve feed intake and milk yield in s#@ion cows ((Dann et al., 2000; Ramsing et
al., 2009). Recent findings suggest yeast produetg also enhance immune function. Kim et al.
(2011) reported that neonatal calves fed hydrolyasst showed enhanced acute phase
response, antibody production, and health scoremwhallenged with live vaccines, compared
with controls. Such responses could be attributathproved energy status via effects on
digestive function, or on activation of the immuwystem through cell sensing of yeast
components in the gut and subsequent cross-takelkatimmune cells.

One overlooked aspect of the response to yedst igdtential to influence mucosal
immunity. Mucosal surfaces of the intestinal angroeuctive tracts are among the most
important routes of entry of microbial pathogerts itihe host. Epithelial cells that line mucosal
surfaces are important mechanical barriers to prtaw®st microbes found in the environment,
including commensal microbes, from entering epigheklls (Kagnoff and Eckmann, 1997). A
recent study (Zanello et al., 2011) reported tleasy modulated the expression of genes involved
in inflammation and recruitment and activationmiune cells in porcine intestinal epithelial
cells. Specifically, yeast decreased both the trgoisand protein abundance of pro-

inflammatory genes, including interlukine-6 (IL-&)d IL-8, in response t6. coli exposure.
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Together, interest in yeast products for dairy chas expanded beyond a focus on
improving production. There are intriguing datagesfing that yeast products can improve
immune function, particularly during physiologiadallenges. The objectives of this study were
to assess whether yeast product alters: 1) immuasessed as milk SCS, colostrum
immunoglobulin G (IgG) concentrations, hematology éeukocyte differential, the ability of
blood immune components to kil coli, IgG antibody production after vaccination, anA Ig
secretion from the gut mucosa; 2) uterine inflamamatas determined by neutrophil populations

and transcript abundance of inflammatory genegerine tissues.

Materials and Methods

The Kansas State University Institutional Animar€and Use Committee approved all

the experimental procedures.

Design and Treatments

Forty multiparous Holstein transition cows from t@nsas State University Dairy Cattle
Teaching and Research Facility were used in a rarmiml complete block design. Cows were
blocked by expected calving date (10 blocks), amtlomly assigned within block to 1 of 4
treatments 21 d before their expected calving dad&s remained on their respective treatments
through 42 d postpartum. Cows received a yeastugtdgieast culture plus enzymatically
hydrolyzed yeast; Celmanax, Vi-COR, Mason City, &) rate of 0, 30, 60, or 90 g/d. Yeast
product was administered daily to each cow in teattnent groups by top-dressing and

manually mixing the premix into the upper part atle TMR. Diets were formulated to meet or
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exceed NRC (2001) requirements; ingredient andenitcomposition of the diet were reported

in a companion paper (Yuan et al., 2014).

Management of Cows and Data Collection

Dry cows were moved into the maternity barn apprately 1 wk before entering the
study. Cows were allowed ad libitum access to ggghated treatment rations by an electronic
gating system (Roughage Intake System, Insenteq Blatknesse, The Netherlands). After
parturition, cows were moved into a tie-stall fagilvhere they remained through 42 d
postpartum. Dry cows were fed ad libitum twice @#il100 and 1800 h), and lactating cows
were fed twice daily (1200 and 1900 h). Lactatiogs were milked 3 times daily in a milking
parlor. Feed intake, feeding behavior, and milkdgevere recorded as described in Yuan et al.
(2014). Milk samples were collected 3 consecutiagsdeach week, and were analyzed for
somatic cells (SCC 500, Bentley Instruments; HeBAmerica DHIA, Manhattan, KS).
Colostrum samples were collected immediately aidring and were kept frozen at -20°C until
analysis of IgG concentration (Cornell DiagnostablIthaca, NY).

Cows were challenged (subcutaneous injection) Witing of chicken egg ovalbumin
(Sigma-Aldrich, St. Louis, MO) diluted in vaccindjavant (VET-SAP, Desert King
International, San Diego, CA; 0.5 mg of adjuvarsisdived in 1 mL of saline) ond -21, -7, and
14. Blood samples were collected on d -21, -141;4, 7, 21, and 35 relative to calving from
the coccygeal vessels 1 h prior to feeding. Apprately 20 mL of blood was collected into 4
tubes: one 7-mL tube containing potassium EDTA, ®meL tube containing potassium EDTA,
one 5-mL tube containing heparin, and another 7tmbe containing potassium oxalate with

sodium fluoride as a glycolytic inhibitor (Vacutam Becton Dickinson, Franklin Lakes, NJ,

147



USA). Fecal samples were collected on d 7 and & weere frozen at -20°C until analysis of
IgA concentration.

Endometrial samples were collected approximatelyg @n(7.2 £ 1.0 d across treatments;
7.2,6.8,7.3,and 7.3 £ 0.35 d for 0, 30, 60, @ddy/d, respectively? = 0.68) and 42 (40.9 £ 1.6
d across treatments; 40.9, 41.4, 40.2, and 41.@%dfor 0, 30, 60, and 90 g/d, respectivély;
= 0.40) postpartum by cytobrush. Prior to the pdoce, the vulva was cleaned with paper
towels. Then, a cytological sample of the endometrirom the dorsal aspect of the uterine body
was collected using a cytobrush (Cytobrush PlugipécSurgical Inc., Trumball, CT) as
reported before (Mendonca et al., 2013). Briefig tytobrush was placed into the stainless steel
tube of an insemination pipette. The device wasqalanto a sanitary plastic chemise (Agtech,
Inc., Manhattan, KS). Endometrial sampling was @aned by inserting the instrument through
the vagina into the uterine body. Once the devias pushed forward into the uterine body, the
sanitary chemise was punctured and the plastidisheimacted to expose the cytobrush. Once
the brush had been rolled onto the uterine walai$ pulled back into the plastic sheath and
removed from the vagina. Slides for cytologicalraksation were prepared by rolling the
cytobrush on a clean glass microscope slide.

Cows were monitored daily for health status. Ketegs recorded when urine
acetoacetate exceeded 80 mg/dL on any day or 4@Lnhgy 2 consecutive days (Ketostix;
Bayer Corp. Diagnostics Division, Elkhart, IN). @thdisorders or diseases were diagnosed

according to the guidelines by Kelton et al. (1998)
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Sample Analysis

Blood samples from the 7 mL potassium EDTA tube ttwed7 mL tube containing
potassium oxalate with sodium fluoride were ceatéd at 2,000 g for 10 min immediately
after sample collection, and plasma was harvestddrazen at -20°C until subsequent analysis
of glucose (reported in Yuan et al., 2014), BHB&p@rted in Yuan et al., 2014), NEFA
(reported in Yuan et al., 2014), and haptoglobincemtrations. Haptoglobin was analyzed by a
colorimetric method based on peroxidase activitygke and Arthington, 2013). The standard
curve was prepared using plasma samples from an@search project (Yuan et al., 2013) with
known haptoglobin concentrations, which were aredylay ELISA (ELISA kit #2410-7; Life
Diagnostics, West Chester, PA). Absorbance was saaa spectrophotometer (Powerwave XS,
Biotek Instruments, Winooski, VT, USA) and calcidats were conducted using Gen5 software
(Biotek Instruments).

Blood collected from the 3-mL potassium EDTA tubasvanalyzed for hematology
using a ProCyte hematology analyzer (IDEXX Labaiat) Westbrook, ME). Whole blood
collected from the 5-mL tube containing heparin waed to test its bactericidal capacities
against live cultures of environmentalcoli (ATCC# 51813) according to methods previously
described (Ballou, 2012). Briefly, an overnight throulture of thet. coli was diluted in
nonpyrogenic 1x PBS to an approximate concentratid@b cfuliL and kept in an ice bath.
Whole blood was diluted 1:1 with RPMI-1640 to adirnolume of 20QuL. All tubes were
placed in an ice bath for 5 min. Then, B0of the workingE. coli culture was added to each
tube of diluted whole blood, vortexed, and incubatea water bath at 37.5°C for 5 min.
Following incubation, the cultures were vortexeduh of each culture was pipetted and spread

plated onto tryptic soy agar plates in duplicatel the plates were incubated overnight at 36.5°C
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before determination of the number of cfu. Dataexgressed as the percentage of reduction in
cfu for blood samples vs. controls.

Plasma samples collected on d -21, -14, and 21 arelyzed for anti-ovalbumin IgG
using an ELISA modified from a method describedvallard et al. (1997). All cows were
analyzed for d -21 and -14 samples; only cowsraived 3 doses of chicken egg ovalbumin
injection (on d -21, -7, and 14) were retainedtfa analysis of d 21 samples. Briefly, 96-well
plates (Corning Costar high binding 96 well plateermo Fisher Scientific Inc.) were coated
with 100puL of coating solution: 16.8 chicken egg ovalbunfigfna-Aldrich) diluted in 12 mL
0.05 M carbonate-bicarbonate buffer (pH 9.4). Rlatere incubated overnight at room
temperature and washed 5 times with wash buffeS(&B1 0.05% Tween solution, pH 7.4).
Plates were then blocked with 30D of blocking buffer (4% bovine serum albumin, 5¥4esose
in PBS, 0.2um filtered) and incubated overnight at 4°C. Platese washed 5 times, and blank
(wash buffer), diluted plasma (1:200), and pooladhples from d -21 (negative control, 1:200)
and 21 (positive control, 1:200) were added in cagies. Plates were incubated for 1 h at room
temperature and washed 5 times. Subsequentlybawitiie IgG (Anti-Bovine IgG -peroxidase
antibody produced in rabbit, Sigma-Aldrich) wasutid with 10 mM Tris buffer solution at
1:30,000, added to the plates and incubated foatlrbom temperature. Plates were then washed
5 times, and.00puL of 3,3',5,5'-tetramethylbenzidine substrate smot(TMB Solution; Thermo
Fisher Scientific Inc.) was added to each well alholved to incubate for 3 min at room temperature,
followed by the addition of 100L of stop solution (0.18 M sulfuric acid). Optia#nsity (OD,
blank-adjusted) was measured at 450 nm using a @ater (PowerWaveXsS, BioTek, Winooski,
VT). The final OD was corrected across differematt@s to achieve a positive control optical density

= 0.5. For each sample, final OD = &®riginal OD+ positive control OD of that plate.
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For fecal IgA analysis, the frozen fecal samplesatkawed and placed immediately in
ultra purified water at a concentration of 10% Wwjvweighing 1 g of feces and adding 9 mL of
water. Samples were then vortexed vigorously andbated overnight before being spun at
2,000 x g for 15 min. The supernatants were catbeind analyzed for IgA by ELISA according
to the manufacturer’s instructions (Bovine IgA EAIQuantitation Set, Bethyl Laboratories,
Montgomery, TX).

For morphological assessment of uterine samplielessivere stained with modified
Wright Giemsa stain (Protocol-Hema3, Bio-chemiaakBces, Swedesboro, NJ). Each slide was
examined at 400 x magnification to perform a déferal cell count of at least 200 cells
(neutrophils + endometrial cells) by a single olsserThe result of this examination was
reported as neutrophils as a percentage of afi.cell

Total RNA was extracted from uterine tissue usirmpmmercial kit (RNeasy Lipid
Tissue Mini Kit; Qiagen Inc., Valencia, CA) accardito the manufacturer’s instructions, and
spectroscopy was used to quantify RNA (Nanodro@@18@&nodrop Technologies Inc.,
Wilmington, DE). Quality of RNA (integrity number .78 £ 1.09 for a random subset of 16
samples was verified with an Agilent 2100 Bioanaly@Agilent Technologies, Santa Clara, CA).
Then, RNA was reverse-transcribed to cDNA and mRiAndance afL-6, IL-8, neutrophil
myel oper oxidase, andneutrophil elastase was determined by gPCR as described (Yuan et al.,
2013). Briefly, 2 mg of total RNA was used as thmplate for the reverse transcriptase reaction
using random primers (High-Capacity cDNA RT Kitfé_iTechnologies, Carlsbad, CA).
Quantitative real-time PCR (RT-PCR) was perfornreduplicate on 96-well plates with 5% of
the cDNA product in the presence of 200 nM geneifipdorward and reverse primers with

real-time SYBR green fluorescent detection usin@dRYGreen Premix reagent (7500 Fast Real-
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Time PCR System, Life Technologies). Primers wasighed
(www.ncbi.nlm.nih.gov/tools/primer-blast/) using t@ank sequences (Table 1). Data were
recorded and analyzed with Sequence Detector s@t{liefe Technologies). All sample values
were normalized against the geometric mean of aclbgenesribosomal protein subunit 9
(RPS9), RPS15, andg-actin, and relative transcript abundance was quantifiedsing the 2*“!

method.

Data and Statistical Analysis
One cow in the 0 g/d group was removed from thdystin d 30 postpartum due to

difficulty standing up in the tie-stall. Data obtad from this cow prior to removal were included
in all analyses. Data were analyzed using mixedeatsodith repeated measures over time.
Models included the fixed effects of treatment,djrand their interaction, and the random effect
of cow. Contrast statements were used to asseswéhall effect of yeast product (control vs. all
yeast product treatments), as well as the linedrgaiadratic effects of dose. If treatment by time
effects were significant, slices were used to ass#ects on specific days. Values were deemed
outliers and omitted from analysis when Studentiasiiuals were greater than > |3.0|. After
initial outlier removal, the model was repeated Stadentized residuals greater than > |3.5]
were deemed outliers. When necessary, data (imguyzlasma haptoglobin, fecal IgA, uterine
transcript abundance df-6, IL-8, neutrophil myeloperoxidase, andneutrophil elastase) were
log-transformed prior to analysis to achieve norrealdual distributions, and reported means
and standard errors are back-transformed. Milk 3@€ converted to SCS (Shook et al., 1993).
Regression analyses were used to explore relaimbbtween different measures. For each

regression analysis, the distribution of Cook’statistic was visually checked and outliers were
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removed from the analysis. Significance was dedlat® < 0.05 and tendency at 0.0P<

0.10.

Results

There were no differences among groups in prepadietary treatment length (18.1,
18.8, 17.8, and 17.2 + 1.32 d for 0, 30, 60, and/@0respectively? = 0.86). Actual calving
dates ranged from 13 d before expected calvingd@fier expected calving. Results for feed
intake and milk production were reported in Yuaale{2014), and they were not affect&

0.10) by yeast product treatments.

Milk Constituents

As shown in Figure 1, there was a treatment x wdraction P < 0.01) for milk SCS,
reflecting a tendency for a quadratic dose effecive 1 (2.34, 2.85, 1.47, and 4.06 + 0.59 for O,
30, 60, and 90 g/d, respectiveR/= 0.08), and a quadratic dose effect on wk 5 (1-@@5, -
1.07, and 0.35 = 0.64 for 0, 30, 60, and 90 g/spheetively;P = 0.02). As shown in Figure 2,
concentrations of IgG in colostrum collected imnagely after calving were not affected by

treatmentsk = 0.96).

Hematology and Leukocyte Differential
Results of hematology and leukocyte differentialgsis are shown in Table 2. There
were no treatment effect® & 0.10) for erythrocyte count, hemoglobin, or leaite count.

Hematocrit was linearly decreasdtl£ 0.04) by treatment. Platelet count was incredsegeast
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product compared with contrdP & 0.04). Concentrations and fractions of lymphesyt
monocytes, eosinophils, and basophils were nottaifief > 0.10) by treatments; neutrophil
concentrations, but not fraction, were decreaBed .05) by yeast supplementation. As shown
in Table 3, there were day effecB< 0.01) for erythrocyte count, hemoglobin, hematpand
leukocyte count. Specifically, hemoglobin, hemaitpand erythrocyte count were decreased on
d 21 and 35 compared with other dates; leukocyt@tcaas increased on d 1 after calving;
platelet count was decreased at the week aroundgripian compared with d -21, and increased
on d 21 and 35. Both concentrations and fractiomeatrophils were elevated at calving; those
of lymphocytes were greater at d -21 compared oiitier dates, monocytes were increased
postpartum compared with prepartum, and eosinoplale decreased postpartum compared

with prepartum.

Plasma Haptoglobin
As shown in Figure 3, haptoglobin was not alteregdmast product = 0.15, yeast
product vs. control). No linear doge £ 0.28), quadratic dos® & 0.35) or treatment x dap &€

0.35) effects were detected.

Whole Blood Killing of Bacteria

As shown in Figure 4, the proportion of bacteritéekli by heparinized whole blood was
not affected by treatmentB £ 0.28). Although the values decreased numericdlthe time
around parturition compared with 3 wk before oeaftalving, this change did not reach a

significant day effectR = 0.19). No treatment x day effe& € 0.99) was detected.
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Antibody Production

As shown in Figure 5, anti-ovalbumin IgG levelsremsed dramaticallyP(< 0.01) after
3 ovalbumin challenges (d 21) compared with pre-imination (d -21). Throughout the
experimental period, there was a tendency for asad anti-ovalbumin IgG in cows receiving
yeast productR = 0.06; linear dose effect). A treatment x dageffP < 0.01) was also
detected, reflecting that yeast product lineartrémsedR < 0.01) anti-ovalbumin IgG on d 21.
As shown in Figure 6, fecal IgA concentrations weoédifferent P = 0.61) between d 7 and 21,

but yeast product quadratically increasd=(0.03) fecal IgA concentrations.

Uterine I nflammation

As shown in Figure 7, uterine neutrophil populasievere much greater in samples
collected on d 7 compared with d 42 (32.0 vs. 73%#% of cellsP < 0.01). There were no
treatment P = 0.53) or treatment x day effec®% 0.75). No correlationR = 0.64, R = 0.01)
between d 7 and 42 uterine neutrophil populatioas @etected. No treatment effeet< 0.39)
was detected for incidence of subclinical endortigtras defined by the presence of >10%
neutrophil in uterine samples collected at d 42sf@nickam et al., 2004). As shown in Table 1,
the median Ct values of RT-PCR 1&r6, IL-8, neutrophil myeloperoxidase, andneutrophil
elastase were 26.6, 20.0, 36.3, and 34.0 £ 3.5, respegtivedliicating that the abundance of
neutrophil myeloperoxidase andelastase is much less compared with-6 andIL-8. As shown in
Figure 8, there were significar® € 0.01) day effects fdiL_-6, IL-8, neutrophil
myel operoxidase, andneutrophil elastase, reflecting greater abundance of these transanpts

uterine tissues collected on d 7 compared with.d5¢2cifically, compared with d 42, the
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abundance of uteriné&-6 andIL-8 was over 25-fold greater on d 7, and thateiftrophil

myel oper oxidase andelastase was over 2-fold greater. Interestingly, there wasiadratic dose
effect P = 0.02) forlL-6, indicating that 30 and 60 g/d doses decreasethelé-6 MRNA
abundance. No treatment effed®s>0.10) were detected ftlc-8. The abundance ofuatrophil
myeloperoxidase (P = 0.05, linear dose effect) aslhstase (P = 0.03, linear dose effeat)as
increased by yeast product. The abundaneewdfophil elastase was positively correlated with
neutrophil populations on d 42 € 0.02, B = 0.29), but not on d P(= 0.65, B = 0.08).
Abundance of other transcripts was not correlatid meutrophil populationd(> 0.10). To
explore the possible link between systemic andnddirssue inflammation, we examined the
correlation between d 7 plasma haptoglobin conagatrs and d 7 uterine neutrophil

populations, and a significant positive associati@s detectedX(< 0.01, R = 0.23, Figure 9).

Health Disorders

Incidence of health disorders was not affectedégtinentsi® > 0.10, Table 4). To
determine if retained placenta was linked to utemilammation, we compared neutrophil
populations in cows with and without retained ptadee As shown in Figure 10, cows with
retained placenta had greatBr< 0.01) neutrophil populations. In addition, cavat developed
retained placenta also had much greater concarisatif plasma haptoglobin (4781 vs. 739 +
301 pg/mLP < 0.01, B = 0.83) and BHBA (1295 vs. 991 + 150 pRI= 0.04, R=0.19) on d

7.
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Discussion

Increasing evidence suggests that yeast producim@apve immune function during
physiological challenges. We found a tendency fQuadratic dose effect for SCS on wk 1 and a
guadratic dose effect on wk 5 of lactation, reflegtdecreased SCS by 30 and 60 g/d doses.
These results suggest that yeast product moduladéeamary gland health in early lactation
cows. Similarly, Nocek et al. (2011) reported thapplementation of yeast product throughout
the first 14 wk of lactation decreased SCC and<saéelinical mastitis. Interestingly, the
finding that 90 g/d increased SCS on the first waflctation suggests that this dose might
have exceed the optimal level of supplementatiomehow promoting an adverse inflammatory
response in the mammary gland.

Colostrum is a rich source of immune componentsth&smajor immunoglobulin class
present in bovine colostrum, IgG plays a key rolpassive immunization of the offspring and
protection of the mammary gland itself (Stelwagealg 2009). In this study, colostrum IgG
concentrations were not affected by treatmentscatithg that yeast product did not affect the
guality of main colostrum immune component. Howebeicause colostrum volume was not
recorded, we were unable to assess treatmentetiadhe amounts of IgG produced.

Both concentrations and relative proportions oftragahils in blood were elevated at
calving, which is consistent with the fact that sotypically experience a surge of blood
neutrophils at parturition (Burton and Erskine, 2D otal leukocyte count was also increased
on d 1 after calving. Despite increased immuneragthbers, their function is often impaired,
resulting in immune deficiency in the transitiorripd (Burton and Erskine, 2003). Interestingly,
yeast product supplementation decreased concemsati neutrophils, indicating a modulatory

effect on immune cells. Although there were nottremnt effects, hemoglobin, hematocrit, and
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erythrocyte count were decreased on d 21 and 3pad with other dates; it is possible that
these changes resulted from increased plasma vassoeiated with increased milk output as
lactation proceeds (Burton et al., 1992). Plateteint was decreased in the week around
parturition compared with d -21, and increased @i énd 35. Because of their abundance and
their ability to rapidly release cytokines and atimmune mediators, platelets play a central role
in modulating immune function (Jenne et al., 2Q4%t al., 2012). Recent evidence suggests
that platelets can directly modulate neutrophilction and clear pathogens (Jenne et al., 2013).
The temporal of changes in platelet counts in tusysseem to be consistent with the changes of
neutrophil function in the transition period (Kelet al., 1989). Given the importance of
platelets in immune modulation, it is possible thlatelets can be used as an indicator of
immune function in transition cows. We also fouhdttyeast product increased platelet count,
which is consistent with the finding that hydrolgzgeast supplementation dramatically
increased platelet count in neonatal calves chgdiénwith vaccine (Kim et al., 2011). Whether
this increase reflects an enhanced immune funetioot clear.

As an acute phase protein released primarily byivkein inflammation, haptoglobin
has consistently been shown to be increased ditleearound parturition (Saremi et al., 2012;
Mullins et al., 2012; Yuan et al., 2013). Recentk@abedra, 2012) using 161 transition cows
found that serum haptoglobin was elevated arouhdinggeven in cows that were apparently
healthy; cows experienced diseases had significgntlater concentrations compared with
healthy animals. In this study, plasma haptoglebeans for yeast product treatments were
~50% of control means; however, this was not sigaift ¢ = 0.15), reflecting large variations

in haptoglobin concentrations among cows. Althopgdviousin vitro studies (Jensen et al.,
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2008; Zanello et al., 2011) demonstrated that yaadtyeast culture possess anti-inflammatory
effects, furthern vivo studies are needed to verify these findings.

Several studies (Ballou, 2012; Ballou et al., 20@8)e used whole blood killing of
bacteria to assess immune function in cattle. Khiswvn that transition cows experience a
dramatic decrease in immune cell function (Kehrhklg 1989), and this change was reflected in
significant decrease in whole blood anti-microls@pacity at calving (Ballou et al., 2009). In
this study, we observed a numerical decrease wddtdling ability at the time around
parturition compared with 3 wk before or after aady but this did not reach a significant day
effect. It is possible that the assay we used isaositive enough to detect the previously-
reported changes in immune function, as the kilbagacity can be largely affected by types of
bacteria used, dilution of blood, incubation tirmegd many other assay conditions (Liebl and
Martin, 2009; Millet et al., 2007). Under our expeental conditions, the percentage of bacteria
killed by whole blood was not affected by yeastduat treatments.

To assess humoral immune response, we injectellerhegg ovalbumin, an antigen that
these animals naive to, to cows on d -21, -7 anéidd measured plasma anti-ovalbumin 1gG
levels on d -21 (pre-immunization), -14, and 21.U8yng a similar vaccination approach, Burton
et al. (1993) reported that Cr supplementation rob@ humoral immune response. Mallard et
al. (1997) partitioned transition cows into 3 gredgased on antibody response (i.e. high, low,
and no responders) to ovalbumin challenge, anddidliat cows with the highest antibody
response also tendeld € 0.10) to have the highest responsg&.tooli challenge at parturition
and had the lowest incidence of diseases, partlgutaastitis. As expected, after 3 ovalbumin
challenges, anti-ovalbumin IgG increased dramayic#least product also linearly increasé&d (

< 0.01) levels of anti-ovalbumin IgG on d 21, inatiag that yeast product supplementation
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enhanced humoral immunity. The positive effectgezst products on humoral immunity have
been observed across different species. Frankah €005) reported that supplementation of
yeast cell wall components, mannanoligosacchartdesyws during the last 3 wk of the dry
period enhanced their humoral immune responsetawiras and tended to enhance the
subsequent transfer of rotavirus antibodies toesalMuthusamy et al. (2011) reported that
feeding hydrolyzed yeast and yeast cell wall congpts increased blood antibody level against
Newcastle disease virus vaccination in broilersother key constituent of yeast cell w#H,
glucan, has also been shown to enhance the dedgasest infections in rodent models
(Samuelsen et al., 2014).

Mucosal immune responses are the first line ofritifdecause most pathogenic agents
enter the host via mucosal surfaces, and IgA ssttit@f gut plays crucial roles in this mucosal
defense by entrapping microorganisms and prevethim@dherence of pathogens to mucosal
surface (Neutra and Kozlowski, 2006). Recent retealso indicates that secretions of IgA are
critical in the homeostasis of gut microbiota (Stuzt al., 2004). Several studies have used fecal
IgA concentration as an indicator of mucosal immyrGurzell et al. (2013) observed that fish
oil supplementation in mice improved mucosal immfurection by increasing secretory fecal
IgA, and the numbers and function of B cells in-gs$ociated lymphoid tissues. Scholtens et al.
(2008) reported that prebiotic oligosaccharide smppntation in milk formula increased fecal
IgA concentrations in infants; together with thieeedd composition of intestinal microbiota in
response to treatment, the authors concludedtibantreased IgA suggests a positive effect of
prebiotic on mucosal immunity. Viljanen et al. (B)@und probiotic supplementation increased
fecal IgA and decreased tumor necrosis faatFNFo) concentrations in infants with food

allergic atopic eczema, and proposed that thisas®d IgA indicates an attempt of the host to
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protect the gut from allergic food antigens, wherdacreased TNFsuggests that probiotics
decreased inflammation in the gut. In this studgst product quadratically increased fecal IgA
concentrations, suggesting that 30 and 60 g/d dadesnced mucosal immunifgrevious
research has demonstrated several possible megtsanighe immunostimulatory effects of
yeast product components. For example, mannanakigbsaridegan act as anti-adhesive agents
andprevent colonization of pathogens in theestinal tract by providing alternative adhesion
sites to intestinal bacteria (Ganner and Schatzn2&r2). Furthermore, yeast components have
been reported to have structural benefits to ttestime by increasing villus height and number
of goblet cells (Muthusamy et al., 2011; Solis Qs ISantos et al., 2007), which are responsible
for the secretion of intestinal mucus. Increaseduswould in turn help to lubricate intestinal
surfaces, trap and neutralize bacteria, and prefattelial cells (Johansson et al., 2013), all of
which could contribute to intestinal immune health.

After the transition period, one major hurdle foe dairy cow is the return to estrus and
breeding. We proposed to explore the impact oftyg@&luct on neutrophil populations and
expression of inflammatory mediators in the utexu key time points: d 7 and 42 postpartum.
It is common that at least some bacteria are ptaéséhe uterus in the first week after calving
(LeBlanc et al., 2011), and that the presence ofrophils in the uterus is needed to clear
pathogens and facilitate the involution of reprddiectissues (Challis et al., 2009). By day 42
postpartum, cows that mounted a sufficient immasponse will have cleared the bacteria, and
neutrophil populations and expression of inflammatoediators should be minimal, but other
cows will still be fighting persistent infectionsgBlanc et al., 2011). It is widely believed that
such persistent infections greatly impair fertilitherefore, these measures investigated a

potential link between dietary yeast product amfaductive success. We did not find treatment
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effects for uterine neutrophil populations, butossrtreatments, there were much greater
numbers of neutrophils in samples collected orcdridpared with d 42. Most studies (LeBlanc,
2008; Deguillaume et al., 2012; Dubuc et al., 2di#8)e examined cytobrush samples in cows >
35 postpartum; in this study, we did not detecbaedation between d 7 and 42 neutrophil
populations, indicating that greater presence atroghils in the uterus on d 7 does not predict
incidence of subclinical endometritis on d 42. Nephil infiltration immediately after calving is
not necessary detrimental but rather is a normgdiplogical response needed to clear
pathogens and repair reproductive tissues (Cletlbs., 2009).

We also evaluated transcript abundancH.ed andIL-8 as indicators of uterine
inflammation. As important pro-inflammatory cytoksIL-6 andIL-8 have been shown to be
expressed in the uterine tissues of postpartum ,cangsthe abundance of these transcripts was
highly correlated with subclinical endometritis @lemi et al., 2012). In order to directly assess
neutrophil inflammatory status, we also evaluatedrhRNA abundance of 2 neutrophil-derived
enzymesneutrophil myel operoxidase andneutrophil elastase. Myeloperoxidase is a lysosomal
protein stored in nuetrophil azurophilic granules alays a key role in the microbicidal activity
of neutrophils (Klebanoff, 2005). As a serine paste neutrophil elastase is responsible for
degradation of proteins during phagocytosis, a$ agetlegradation of connective tissue during
an inflammatory process (Helmig et al., 2002). neséingly, we found that the abundancélof
6 andIL-8 was over 25-fold greater in samples collected @Grcdmpared with d 42, indicating
much greater inflammation in uterus immediatelgmfialving. Similarly, the abundance of
neutrophil myel operoxidase andneutrophil elastase was over 2-fold greater on d 7 compared
with d 42, consistent with the finding that neutndpopulations in uterine samples were greater

on d 7 compared with d 42. Osmers et al. (1999)rted a significant increase in IL-8
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concentrations in human uterine tissue at the gfgarturition, and this increase was strongly
correlated with concentrations of multiple neutribpbllagenases, enzymes involved in the
breakdown of extracellular matrix. Thomson et 8899) demonstrated that not only neutrophil
populations, but also the expression of neutragdfilesion molecules, such as E-selectin, were
increased in endothelium during labor. These daggest that inflammatory mediators play a
crucial role in neutrophil influx to facilitate garition.

In the present study, the abundancaentrophil myeloperoxidase andelastase was
much less compared with-6 andIL-8. This is not surprising becaude6 andIL-8 are
expressed by multiple cell types, wheregsl operoxidase andelastase are only present in
neutrophils, the relative quantities of which aegywsmall. Despite the low abundance of
myel operoxidase andelastase, they nevertheless can serve as sensitive indgcafaiterine
inflammatory status. Indeed, abundanceeitrophil elastase was the only transcript
investigated which was positively associated wittrine neutrophil infiltration on d 42,
suggesting that uterirmeeutrophil elastase abundance could serve as a diagnostic marker for
subclinical endometritiaVe also observed some treatment effects on thedabee of these
transcripts. Supplementation of yeast product ar8D60 g/d, but not 90 g/d, decreased uterine
IL-6 MRNA abundance. The abundance aftrophil myel operoxidase andelastase was linearly
increased by treatments. Although several linesvadence (Kim et al., 2011; Jensen et al.,
2008; Zanello et al., 2011) indicate yeast or yeaktire may modulate inflammation, no
previous research evaluated the effects of digteagt products on the inflammatory profiles of
reproductive tissues. Although yeast product exldrieonsistent effects on different uterine

inflammatory signals and the implications are uacleur findings nevertheless indicate that
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certain nutritional strategies are effective in miating inflammation, and perhaps reproductive
function.

To explore the relationships among reproductiverdisrs, uterine inflammation, and
plasma markers, we examined the correlations arttengncidence of retained placenta, uterine
neutrophil populations, and plasma haptoglobin BH&8A. We found a positive link between d
7 plasma haptoglobin and d 7 uterine neutrophiupegons, and that cows with retained
placenta had greater neutrophil infiltration onlbdt7 and 42. In addition, cows that experienced
retained placenta had much greater concentratioplesema haptoglobin and BHBA ond 7. In
this study, all of the cows that had retained piézéa total of 6) also developed metritis,
consistent with previous reports of a direct lidtveeen these 2 conditions (LeBlanc, 2008).
Previous studies (Skinner et al., 1991; Huzzey.eP@09) have demonstrated that blood
haptoglobin is a sensitive marker of uterine dissaghese results indicate that inflammation in
local tissues (i.e. the reproductive tract) maylleasystemic inflammation and possibly
impaired health. Consistent with our findings, Galet al. (2010) reported that cows that
developed metritis had much greater concentrabbptasma haptoglobin and BHBA. Hammon
et al. (2006) found that cows that developed metoit subclinical endometritis had greater
plasma BHBA and impaired blood neutrophil functiorthe transition period. Elevated BHBA
is known to directly impair a number of functiorfsramune cells, including neutrophil
migration, phagocytosis, and pathogen killing ($asathaporn et al., 2000; Sartorelli et al.,
1999). Furthermore, as a marker of energy defigiegieater concentrations of plasma BHBA
likely indicate more severe negative energy balawbéch is known to suppress immune
function (Kimura et al., 1999; Goff and Horst, 199Vogether, the resulting immune deficiency

would in turn promote retained placenta (Kimuralgt2002).
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Together, these data suggest that yeast produglesnentation enhanced humoral and
mucosal immunity, and modulated uterine inflamnmmaaod mammary gland health in transition
dairy cows. Although the 30 g/d dose was sufficterglicit most of these responses, given the
numerical differences observed in the majoritynofiune function measures, together with the
production and metabolism responses reported indhganion paper (Yuan et al., 2014), it

seems that 60 g/d provided the most benefits tisitian dairy cows.
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Table 5-1Primers used for RT-PCR detection of genes in theterine tissue.

Forward primer

Gene Accession Number Median Ct  Efficiency
Reverse primer

AGGACGGATGCTTCCAATCTG

IL-6 X57317 26.6 105%
GAAGACCAGCAGTGGTTCTGAT
GCTCTCTTGGCAGCTTTCCT

IL-8 NM-173925 20.0 95%
GGCATCGAAGTTCTGTACTCATTCT
GCCCTGGAACTTCAGAGAGAT

Myel oper oxidase XM_005219889.1 36.3 117%
GGGCTGGAGCATGATCAGAA
TTGTCTGAACGGCCTGAACT

Elastase NM_001105653.1 34.0 92%
AAGACCCTCCGGACTCTGAA
GAACAAACGTGAGGTCTGGAGG

RPSO NM_001101152.2 17.1 103%
TTACCTTCGAACAGACGCCG
GGCGGAAGTGGAACAGAAGA

RPS15 NM_001024541.2 16.2 106%
GTAGCTGGTCGAGGTCTACG
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ACGACATGGAGAAGATCTGG
p-actin NM_173979.3 15.6 94%
ATCTGGGTCATCTTCTCACG

! From NCBI Entrez Nucleotide Database (http://wwiwindm.nih.gov/sites/entrez?db=nucleotide).
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Table 5-2Hematology and leukocyte differential during the eperimental period. Values are least squares means = SEM, n = 9-

10.
Treatment P value
ltem Og 30g 60g 90g SEM Yeast vs. Control LineQuadratic
Hematology
Leukocyte count, facells/L 12.0 11.2 12.0 10.9 1.17 0.63 0.64 0.91
Erythrocyte count, 6 cells/L 5.94 5.76 5.82 5.82 0.12 0.33 0.59 0.47
Hemoglobin, g/dL 10.3 10.1 10.3 9.9 0.15 0.39 200. 0.38
Hematocrit, % 30.7 30.0 30.4 29.0 0.46 0.10 0.03 0.43
Platelet count, fcells/L 204 260 264 243 25 0.04 0.09 0.27
Leukocyte concentrations, 36ells fiL
Neutrophils 4.26 3.66 3.65 3.43 0.28 0.05 0.06 .510
Lymphocytes 5.54 5.36 6.22 5.46 0.96 0.90 0.89 760.
Monocytes 1.74 1.73 1.84 1.66 0.22 0.99 0.90 00.7
Eosinophils 0.37 0.31 0.32 0.36 0.05 0.58 0.97 .350
Basophils 0.006 0.005 0.006 0.005 0.001 0.47 0.44 0.80
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Leukocyte fraction, % of total
Neutrophils
Lymphocytes
Monocytes
Eosinophils

Basophils

37.7

44.4

14.5

3.43

0.05

33.9

46.8

15.9

2.97

0.05

30.4

50.9

15.8

291

0.05

33.3

a7.7

14.4

3.68

0.05

3.2

3.5

1.2

0.52

0.01

0.17

0.32

0.53

0.69

0.98

0.25

0.38

0.97

0.76

0.81

300.

43 0.

0.26

240

6 0.6
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Table 5-3Hematology and leukocyte differential with signifi@ant day effect P < 0.05) during the experimental periodValues

are least squares means + SEM, n = 39-40.

Day'
ltem -21 -7 1 4 7 21 35 SEM
Hematology
Leukocyte count, faeells/L 11.8° 11.6 12.8 10.4 11.1%* 11.58 12.1°¢ 0.69
Erythrocyte count, 16 6.10" 6.07° 6.16' 5.97 5.76 5.47 5.37 0.08
cells/L
Hemoglobin, g/dL 10%  10.¢6 10.8 10.3 10.7° 9.5 9.7 0.13
Hematocrit, % 31% 318" 32.7 3.3 29.9 27.1 26.0° 0.41
Platelet count, facells/L 243 180° 213" 184 207" 349 364 23.5
Leukocyte concentrations, 16ells fiL
Neutrophils 3.3% 419 4.97 2.76 3.16° 367 4.1F 0.28
Monocytes 1.13 1.47 1.87 2.10 1.84 1.95’ 1.92 0.15
Lymphocytes 6.2 553" 5.458¢ 527 5.68 563 57X 0.51
Eosinophils 0.62 0.6d 0.3% 0.24 0.15 020"  0.27" 0.04
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Leukocyte fraction, % of total

Neutrophils 32%  36.6° 38.¢ 27.3 32.0 33.6¢  35.5° 2.04
Lymphocytes 514 455" 43.2 49.3°  49.5°  478°  46.0" 4.22
Monocytes 103 12.3 14.9 20.% 16.9 16.3 15.2 0.97
Eosinophils 566 5.56 3.00 2.51° 1.58 2.00" 2.43¢ 0.41

! Days that do not share a common superscript anéfisantly different P < 0.05). Pairwise differences were evaluated

by the PDIFF option when the overall effect of deas significant.
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Table 5-4 Incidence of health disorders during thexperimental period.

Treatment

Disordef 0g  30g 60g 90g
Ketosis 1 3 1 1
Retained Placenta 1 1 3 1
Metritis 3 1 3 1
Subclinical endometritis 1 3 2 2
Clinical mastitis 2 1 0 1
Displaced abomasum 0 1 0 1
>1 event 5 4 4 4

! There were no treatment effecBs% 0.10) on the incidence of any disorders. Yeastyct was
supplemented at 0, 30, 60, or 90 g/d to transii@iny cows from 21 d before expected calving
to 42 d after calving.

2 Ketosis was recorded when the urine ketone dipstist (Ketostix; Bayer Corp. Diagnostics
Division, Elkhart, IN) detected acetoacetate > &Jdh on any day or > 40 mg/dL for 2
consecutive days. Other health disorders were dsgghaccording to the guidelines by Kelton et

al. (1998).
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Figure 5-1 Milk SCSduring the experimental period. Yeast product wasupplemented at |
30, 60, or 90 g/d ttransition dairy cows from 21 d before expectedioglto 42 d after calving
There was a week effed® € 0.01), but no yeaproduct vs. controlf = 0.25), linee dose P =
0.53), or quadratic dos® € 0.11) effects. There wastreatment x wk® < 0.01) effect,

reflecting a tendency fayuadratic dose effect on wk P = 0.08), and a quadratic dose effect

wk 5 (P = 0.02).* indicates significant difference(P < 0.05), findicates tendencie(0.05 <P <

0.10). Values are leasquares means + SE n = 9-10.
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Figure 5-2 Concentrations of IgG in colostrum samples collecttimmediately after calving.
Yeast product wasupplemented at 0, 30, 60, or 90 g/d to transidi@iny cows from 21 d befol
expected calving to 42 d after calving. There werg/@asiproduct vs. controlR = 0.96), linear
dose P = 0.45), or quadratidos¢ (P = 0.39) effects. Values are I¢aguares means + SEM, r
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Figure 5-3 Concentrations of plasma haptoglobin during the exerimental period. Yeast
productwas supplemented at 0, 30, 60, or 90 g/d to tiansitairy cows from 21 d befo
expected calving to 42 d after calvi There was a day effed® & 0.01), bunho yeasproduct vs.
control P = 0.15), linear dose”(= 0.28), quadratic dos® € 0.35), ottreatmenx day P =

0.35) effects. Values are leéagjuares means + SEM, n -10.
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Figure 5-4Killing capacity of heparinized whole blood when incubated for5 min with an
E. coli strain during the experimental period.Yeast product wasupplemented at 0, 30, 60,
90 g/d to transition dairy cows from 21 d befor@exted calving to 42 d after calving. The
were no yeast produgs. control P = 0.28), linear dosd”(= 0.30), quadratidos¢ (P = 0.40),

day P = 0.19), or treatment day (P = 0.99) effects. Values are I¢aguares means £ SEM, r
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Figure 5-5 Plasma oncentrations ofanti-ovalbumin IgG collected on d 21,-14, and 21
relative to calving. Yeast producwassupplemented at 0, 30, 60, or 90 g/d to transi@iny
cows from 21 d before expectcalving to 42 d after calving. Cows were challengadi-21, -
7, and 14 with an ovalbumiithere was a tendenfor linear dose effect{ = 0.06) and a da
effect P < 0.01), but no yeast product vs. contlP = 0.41) or quadratic dosE € 0.50) effects.
There was a treatment x dd/< 0.01) effect, reflecting that yeast product limgancreasec(P

< 0.01) anti-ovalbumimgG on d 21Values are ledasquares means £ SEM, n =,
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Figure 5-6 Concentrations of IgA in fecal samples collected od 7 and 21 relative tc
calving. Yeast product wasupplemented at 0, 30, 60, or 90 g/d to transdi@ny cows from 2:
d before expected calving to 42 d after calvingerEhwas a significant quadradose effect® =
0.03), but no yeast product vs. contlP = 0.16), linear dosé?(= 0.73), day® = 0.61), or

treatment x dayR = 0.42) effectsValues are ledsquares means + SEM, n =
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Figure 5-7 Neutrophil populations of uterine samples collectedn d 7 and 42 relative tc

calving. Yeast product wasupplemented at 0, 30, 60, or 90 g/d to transdi@ny cows from 2:
d before expected calving to 42 d after calvilA) There were no yeaptoduc vs. control P =
0.53), linear doseA(= 0.69), quadratidose P = 0.85), or treatment x dal? € 0.7%) effects. B)

The was a day effecP(< 0.01).Values are least squares means + SEM, 18 @A) o1 38 (B).
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Figure 5-8 Relative mRNA abundance of inflammatory genes in @rine tissues collected o
d 7 and 42 relative to calvingYeast producwassupplemented at 0, 30, 60, or 90 g/«
transition dairy cows from 21 d before expectediogltc 42 d after calving.A-B) IL-6: There
were day P < 0.01) and quadra dose P = 0.02) effects, but no yeast produst control P =
0.53), linear doseA(= 0.30, or treatmenx day P = 0.32) effects.q-D) IL-8: There was a da
effect P < 0.01), but no yeagiroduc vs. control P = 0.60), linear dosd”(= 0.71), quadrati
dose P = 0.77), or treatment day (P = 0.35) effects.E-F) Neutrophil myeloperoxidase: There
were day P = 0.01) and lineadose(P = 0.05) effects, but no yeast produst control P =
0.20), quadratic dos® (= 0.59, or treatment x dayR = 0.61) effects.®-H) Neutrophil
elastase: There were dayR(= 0.01), yeasproduct vs. controlf = 0.01), and linei dose P =
0.03) effects, but no quadratiose(P = 0.25) or treatment x daf? € 0.62) effects Values are

leag squares means = SEM, n =37 (A, C, E, G) or 8-10 (B, D, F, H).
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Figure 5-9 Correlation between plasma haptoglobin concentratins on d 7 ancneutrophil
populations of uterine sample<ollected on d 7.Yeast product wasupplemented at 0, 30, ¢
or 90 g/d to transition dairy cows from 21 d beferpected calving to 42 d after ving. A
significant correlation® < 0.01, F* = 0.23) was detected. There were no treatmentreiftees

(P > 0.10) affecting this correlatio
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Figure 5-10Comparison of neutrophil populations of uterinesamples in cows with o
without retained placenta.Yeast produc wassupplemented at 0, 30, 60, or 90 g/d to trans
dairy cows from 21 d before expected calving tal4ffter calvingAcross treatments, the
were 6 out of 40 cows had retained plac. Cows with retained placented greaterP < 0.01)
neutrophil populations compared with cow withoutineed placentéValues are lei squares

means + SEM, n = 6 (witfetained placen) or 32 (without retained placenta).
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Chapter 6 - Overall Conclusions

The transition from late gestation to early lactatis often the most problematic period
in the production cycle of dairy cows. Cows expeecedramatic nutrient and energy
requirements for milk production, tremendous meliatsiress, and suppressed immune function.
Inadequate adaptation to these changes often lootgsi to markedly elevated incidence of
metabolic disorders and infectious diseases duhisgime. Increasing evidence suggests that
elevated inflammation is common during the transifperiod. Unlike the classical inflammation
associated with acute infection or tissue injung postpartum inflammatory state is low-grade
and intertwined with metabolic function. This megab inflammation plays a key role in
numerous disorders. An improved understandingftdnmmatory pathways in transition cows
may improve our ability to predict and prevent dosos.

To mimic metabolic inflammation, we administered/lamounts of a pro-inflammatory
cytokine rbTNFe, to early lactation cows, and evaluated wheth&Nif affects milk
production, metabolism, and heal@®h@pter 2). We found that rb TNé& administration
increased plasma concentrations of TNfad haptoglobin, indicating increased systemic
inflammation. Dry matter and water intake, milklgieand milk fat and protein yields were all
decreased by rbTNRreatments by 15 to 18%. Administration of rbTd\did not affect energy
balance or markers of glucose and lipid metabollsumjncreased the incidence of ketosis by 3-
fold in the first week of lactation. These datagest that low-grade inflammation may impair
production independent of altering systemic metabolConversely, modulating this
inflammation has the potential to improve produtyiand health of dairy cows.

To identify nutritional strategies that could moatel metabolism and immunity, we

evaluated the efficacy of several feed supplemémtShapter 3, we evaluated effects of
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chromium propionate, rumen-protected lysine anchioetne, or both on metabolism, immune
cell function, and adipocyte size in lactating co®@sir results showed that feeding these
supplements for 35 d had minimal effects on metabwbr adipocyte size, but modulated
immune function in lactation cows. Neutrophil inflenatory responses to pathogen-associated
molecules may be enhanced by chromium supplementatnd amino acids can also influence
these responses in a parity-dependent manner.

Supplementation of yeast products has been showmpt@ve production and
metabolism, and enhance immune function particuduking physiological challenges. In
Chapter 4, we determined whether supplementation of a y@astuct to transition cows could
modulate production, feeding behavior, and metabulwWe found that yeast product
supplementation did not affect milk production @idI, but modulated feeding behavior and
metabolism. Specifically, we detected quadraticedeffects for prepartum feeding behavior,
reflecting decreased meal size, meal length, atredneal interval, and increased meal frequency
for cows received 30 and 60 g/d of yeast produdts.increase in meals consumed per day and
decreased meal size may result in more consistedtihtake and rumen fermentation patterns
throughout the day. Although we found that treattmé@mcreased plasma BHBA, it is unlikely
that yeast product had a direct effect on lipidabetism. InChapter 5, we found that yeast
product supplementation modulated immunity andingenflammatory signals in transition
dairy cows. As a humoral immunity indicator, plasami-ovalbumin IgG production in
response to ovalbumin vaccinations was linearlygased by yeast product. Treatments
guadratically increased fecal IgA concentrationggesting that 30 and 60 g/d doses enhanced
mucosal immunity. We also observed that supplentientaf yeast product at 30 and 60 g/d

decreased uteriné-6 mMRNA abundance, whereas the abundaneeudf ophil myeloperoxidase
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andelastase was linearly increased by treatments. Althouglsypeoduct exerted inconsistent
effects on different uterine inflammatory signatglahe implications are unclear, our findings
nevertheless indicate that certain nutritionaltsgees are effective in modulating inflammation.

There are many intriguing questions that would dleable to explore in future research.
Does immunosuppression in the transition periodrdmurte to elevated inflammation, aice
versa? What is the prevalence and duration of metalafi@mmation in transition cows? What
are the most important sources of metabolic inflatiom in dairy cows? How does metabolic
inflammation increase the risk of certain transitemw disorders? Does metabolic inflammation
directly affect mammary gland function and subsa¢jyenilk synthesis? Given the necessary
role of inflammation in normal physiological funati, should we inhibit inflammation in early
lactation? How can we help cows to strike a baldoggomote a healthy degree of
inflammation while minimize the pathological asgect inflammation? What are the
mechanisms underlying the modulatory effects ofients (such as chromium and yeast
products) on immunity? How to develop nutritiontithtegies that selectively inhibit excessive
inflammation while enhancing immune function?

Overall, a greater understanding of the role ofaielic inflammation in the transition
period and the nutritional strategies that couldiolate these signals may improve the

production and health of dairy cows.
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