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ABSTRACT

Subacute ruminal acidosis (SARA) is a common disease in dairy cows fed high
concentrate diets. This disease can result in rumenitis, laminitis and sudden death
syndrome, but the mechanisms responsible for this are not yet well understood. Roles of
the concentration of free lipopolysaccharide (LPS), in the rumen and LPS translocation
through the rumen epithelium, especially if the barrier function is compromised by
SARA, and inflammation, have been suggested in these mechanisms. The primary
objective of this study was to investigate the effects of grain induced SARA in cattle on
free ruminal LPS concentration and on major acute phase proteins and other

inflammation markers in cattle.

Subacute ruminal acidosis was induced using a nutritional model in which pellets
made of equal amounts of wheat and barley were fed to cattle. Feeding protocols used
included restricting other types of feeds dﬁﬁng the timeb the pellets were fed, or mixing
pellets to form part of the ration offered to cattle. The pellets were bfed to steers adapted to
an all forage diet (experiment 1), steers gradually adapted to 60% cohcentrate over 21
days (experiment 2) or to dairy cows after more than 17 wk of feeding a total mixed
ration that contained 44% concentrate (experiment 3). Rumen pH was monitored
continuously and summarized as average rumen pH, time with pH below 6.0 and 5.6 and

area (time x pH) below pH 6 and area below pH 5.6.

Wheat-barley feeding decreased average rumen pH from 6.49 to.6.19 in experiment
1, from 6.72 to 6.14 in experiment 2, and from 6.24 to 6.01 in experiment 3. Wheat-

barley feeding also increased the time with pH below 6.0 from 9 to 589 min/d in




experiment 1, from 22 to 600 min/d in experiment 2 and from 460 to 742 min/d in
experiment 3. Time with pH below 5.6 increased from 5 to 187 min/d in experiment 1,
from 0 to 219 min/d in experiment 2 and from 187 to 309 min/d in experiments 3 with
wheat-barley feeding. Free ruminal LPS concentrations increased from 3714 to 12,589
EU/mL in experiment 1, from 6310 to 26,915 EU/mL in experiment 2, and from 22,908
to 128,825 EU/mL in experiment 3 when SARA was induced. Lipopolysaccharide was
below detection limit of the assay in peripheral blood but serum amyloid A and
haptoglobin concentrations increased frbm 33.6 t0 170.7 ug/mL and 0.43 to 0.79 mg/mL
when SARA was induced in experiment 1, and 38 to 163 pg/mL and 0.53 and 1.40
mg/mL when SARA was induced in experiment 2. In experiment 3 serum amyloid A
concentrations increased from 286.8 to 498.9 pg/mL following induction of SARA, but
haptoglobin and other niarkers of inflammation such as fibrinogen, serum copper and

differential white blood cell counts were not affected.

These data demonstrate that inducing SARA in cattle resulting iri 3 h or more with
pH below 5.6 activates an inflammation response as the host animal’s immune system-
responds to restore homeostatic balance. It is possible that such inﬂammation results
from a combination of tissue injury in the gastrointestinal tract and an increased rate of

free ruminal LPS translocation into the pre-hepatic blood circulation.
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GENERAL INTRODUCTION

Subacute ruminal acidosis (SARA) is defined as a digestive disorder in cattle that is
characterized by prolonged episodes of depressed rumen pH. Daily episodes of rumen pH
between 5.2 and 5.6 have been used to define SARA (Cooper and Klopfenstein, 1996)
although some disagreements exist in the literature on the precise pH range. It is generally
agreed that within the pH range that characterizes SARA, lactic acid does not accumulate
in the rumen and lactic acid concentrations are maintained below 10 mM (Burrin and
Britton, 1986; Goad et al. 1998). Subacute ruminal acidosis has been shown to reduce fiber
digestion in dairy cows (Plaizier et al., 2001; Krajcarski-Hunt et al., 2002), reduce milk
yield (Krause and Oetzel, 2005), reduce milk fat percentagé (Stone, 1999; ‘Krause and
Oetzel, 2005) result in reduced and erratic feed intake (Fulton et al 1979a, b; Cooper et al.,
1999), and increased total amyl‘olytic bacteria, anaerobic lactobacilli and lactic acid
utilizing bacteria (Goad et al., 1998).

Subécute ruminal acidosis is estimated to cost the US dairy findusfry between
US$500 million and US$1 billion dollars every year through reduced milk production and
reduced longevity (Donovan, 1997). Economic losses due to SARA include decreased
efficiency of milk production, reduced milkv fat yield, increased: vetérinary costs, and high
involuntary culling due to lameness-related problems (Nordlund et al., 1995; Nocek, 1997;
Stone, 1999; Kleen et al., 2003). |

The diagnosis‘IOf SARA ‘is made on a herd basis and in\:/olvés the analysis of feed
intake, milk productioh records and rumen pH measurements of some animals (Nordlund et

al., 1995; Enermark et al. 2002; Nordlund, 2002). Signs such as irregulér feed intake, loss



of body condition, intermittent diarrhea, dehydration, abscesses, milk fat depression and
laminitis are not specific to SARA, but form part of the diagnostic profile (Nordlund et al.,
1995). Measuring rumen pH is currently the only tool used to confirm a diagnosis of SARA
in a herd. Rumenocentesis and stomach tubing are the methods that can be employed in
rumen fluid sampling for pH measurement in the field. However, problems such as
abscesses and other infections around the puncture site, and a reduction in milk production
are associated with rumenocentesis (Aceto et al., 2000). Although collecting rumen fluid
samples by stomach tube is less invasive, the samples can be contaminated with saliva, and
therefore may not be representative of rumen fluid (Nocek, 1997; Duffield et al., 2004).
Therefore, only limited information on the prevalence of SARA is available. A survey of
15 dairy farms in Wisconsin reported the presence of SARA in 19% of early lactation cows
and 26% of mid-laétation cows (Garrett et al., 1997). Another survey of 14 dairy farms in
Wisconsin detected SARA in 20.1% of early and peak lactation cows (Oetzel et al., 1999).
While there is no data on the prevalence of SARA in Western Canadian dairy herds,
Plaizier et al. (2004) found that in at least 25% of the farms surveyed the pafticle size of
feeds used in the total mixed rations (TMR) were finer than fecommended (Heinrichs,
1996), which put these cows at risk of developing SARA.

Dairy cattle at high risk of developing SARA include transition dairy cows, cattle
with high dry matter intakes, and co;zvs that are subjected to a high degree of variability in
ration composition and meal patterns (Stone, 2004). It has been shown that rumen pH
depression occurs in these cowsv when volatile fatty acid (VFA) production exceeds
absorption ‘and outflow from the rumen and when there is insufficient rumen buffering

(Stone, 2004). Feeding high concentrate rations increases the nonfiber carbohydrate content



of the diet and subsequently VFA concentration in the rumen from microbial fermentation
(Allen, 1997). As well, insufficient fiber in these diets contributes to low rumen pH
because of reduced chewing time during eating and rumination which decreases saliva
production and subsequently rumen buffering (Shi and Weiner, 1992). High concentrate
diets are used in dairy rations in order to meet the nutrient requirements for high yielding
COWS.

In Western Canada, dairy cow diets are commonly based on barley rather than corn.
In comparison to corn, barley grain contains more neutral detergent fiber (NDF) than corn
and barley starch is more rapidly fermented than cornstarch in the rumen which puts cows
on barley-based diets at risk of SARA (McCarthy et al., 1989; Beauchemin and Rode,
1997). Barley based diets should contain at least 34% NDF to reduce the risk of SARA and
milk fat depression (Beauchemin, 1991).

Feeding high concentrate diets is also associated with nutrition-related laminitis
(Livesey and Flenﬁng, 1987; Manson and Leaver, 1988; Kelly and Leaver, 1990). The
mechanism through which these high concentrate diets cause laminitis is not well
understood but research data has shown some association between laminitis and or
laminitis and fiber and laminitis and the net energy contents of the diet (Donovan et al.,
2004). Although the mechanisms that are involveci in the etiology vof laminitis are not
clearly understood, it has been suggested that laminitis is initiated by the preseﬁce of
vasoactive substances such as bacterial lipopolysaccharide (LPS) and histamine in the
blood which cause damage to blood bcapillaries and result in sole hemorrhaging (Nocek,
1997). It has also been suggested that a group of enzymes called matrix metalloproteinase

are important factors in the manifestations of laminitis (Johnson et al., 1998; Pollitt, 1994).



This link between nutrition and laminitis may start with changes in rumen microflora due
to changes in rumen pH as a result of feeding high concentrate diets. The resultant low
rumen pH increases the concentration of free ruminal LPS. Additionally, low pH can
reduce the barrier function of the rumen wall by causing micro-lesions on the rumen
epithelium (Kleen et al., 2003). Histamine produced in the rumen and from rumen mucosal
tissue damage and free ruminal LPS that is translocated into blood circulation are
vasoactive agents that can result in capillary damage and hemorrhaging in the digit which
culminates in laminitis (Nocek, 1997). Free ruminal LPS can increase as a result of rapid
growth, death and lyses of rumen gram-negative bacteria (Nagaraja et al., 1978a; Wells and
Russell, 1996). To date, there have been no studies of the effects of SARA on free ruminal
LPS concentration. Studies in which acute acidosis was induced by grain engorgement in
cattle do not support the hypothesis that free ruminal LPS increases when rumen pH
decreases (Andersen and Jarlov, 1990; Andersen et al., 1994a). These studies cannot be
used to draw inferences on the effect of SARA oﬁ free ruminal LPS bécause acute acidosis
results in rumen pH depressipn below 5.0 Wmlst SARA only résults from rumen pH
depressions in the range between 5.2 and 5.6. Rumen pH below 5.2 promotes the
proliferation of Streptococcus bovis and Lactobacillus species as opposed to diverse rumen
bacteria populations at higher pH (Schwartzkopf-Genswein et al., 2003).

It is hypothesized that, in the rumen pH range between 5.2 and 5.6, free ruminal LPS
concentration increases from a combination of LPS shed from rapidly growing bacteria and
through death and lyses of gram-negative bacteria. A low rumen pH also compromises the
barrier function of the rumen wall and increases the rate of LPS translocation into blood

circulation (Andersen, 2000). The presence of free ruminal LPS in blood circulation could
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trigger the host animal’s immune system to respond by stimulating macrophage to release
pro-inflammatory cytokines, including interleukin-6 (IL-6), interleukin-1 (IL-1) and tumor
necrosis factor (TNF)a (Klasing, 1988; Werling et al., 1996). These cytokines can initiate
the acute phase response, which is indicated by dramatic increases in the hepatic synthetic
activity of acute phase proteins (Colditz, 2002). It is further postulated that the free ruminal
LPS and immune system responses are dependent on both the diet and the duration such a
diet is fed before SARA is induced. This is because microbial adaptation is a gradual
process that requires at least 3 wk for its completion (Mackie and Gilchrist, 1979).
Therefore inducing SARA through grain engorgement in cattle after they have been on
concentrate diets for less than or more than 3 weeks should produce different responses in
terms of concentrations of free LPS in the rumen.

The general objective of the studies described herein were to investigate the effects
of grain induced SARA on free ruminal LPS concentration in cattle after they had been on
grain based diets for varying periods of time. Since SARA is also believed to Qompromise
the barrier function of the rumen wall and to increase the translocation of LPS into blood
circulation, the effects of grain induced SARA on acute phase protein concentration was

also investigated.



LITERATURE REVIEW
1.0 Definition of Subacute Ruminal Acidosis

Subacute ruminal acidosis (SARA) is a digestive disorder that is characterized by
prolonged daily episodes with rumen pH between 5.2 and 5.6 (Cooper and Klopfenstein,
1996). Apart from a low rumen pH SARA, shows no other discernible clinical signs. The
rumen pH that defines SARA is also a matter of controversy because various threshold
values have been used in the literature. For example, the upper pH threshold that defines
SARA has been defined as 5.5 (Hibbard et al., 1995; Reinhardt et al.,, 1997), 5.8
(Beauchemin et al., 2001; Ghorbani et al., 2002; Koenig et al., 2003) and 6.0 (Bauer et al.,
1995; Krehbiel et al., 1995a, b, ¢). Rumen pH depression during SARA is largely attributed
to increases in VFA with lactic acid concentrations of less than 10 mM (Burrin and Britton,
1986; Goad et al., 1998). Ancillary clinical signs includé erfatic feed iﬁtake, high incidence
of lameness, depressed milk fat percentage; high incidence of unexplained diarrhea or loose
feces as well as unexplained body condition loss and abscesses in affected animals
(Nordlund et al., 1995; Nocek, 1997, Enemark et al., 2002; Kleen et al., 2003). These signs
are of limited diagnostic value because they are also associated with poor forage quality or
poor bunk management (Nocek, 1997). Therefore SARA is often not thought of
immediately as being the reason for poor productivity in affected herds. |

Subacute .nufninal acidO'sis is a major problem for beef cattle during adaptation to
high grain ﬁnishingdiets-(Schwartzkopf-Genswein'et al., 2003). In dairy cattle, SARA can

be a consequence of maximizing energy intake, which requires provision of appropriate



levels of physical and chemical dietary components (Nocek, 1997). Groups of dairy cows
at high risk of developing SARA include; i) transition dairy cows, ii) cows with high dry
matter intakes, iii) cows that are subjected to high degree of variability in their ration and
meal patterns, and iv) cows fed TMR formulated from feeds with inconsistent moisture
content which produces differences in actual ration composition and the diet as represented
by the ration formulation (Stone, 2004). A comparison of the economic impact of SARA in
dairy and beef cattle has not been documented in the literature. However; it is likely to be
greater in dairy than beef cattle because dairy cows are exposed to high concentrate diets

for longer periods of time.
1.2 Signs Associated With SARA

1.2.1 Dry Matter Intake

Studies on SARA with beef cattle reported in the literature have ﬁSed feeding
protocols that .simulate feedlot conditions where cattle consume large quantities of high
concentrate diets (Krehbiel et al., 1995b, ¢; Hibbard et al., 1995; Reinhardt et al., 1997,
Goad et al., 1998; Brown et al., 2000). When cattle were gradually adapted to diets that
contained wheat and corn at 35, 55, 75 and 90% of dry matter, daily intake variation was
more pronounced in both corn and wheat based diets at the 90% inclusion rate (Fulton et
al., 1979a). In a subsequent study feeding the 90% coarsely rolled wheat diet to Hereford x
Angus steers and maintaining rumen pH above 5.6 by intra-ruminal infusion of sodium
hydroxide increased dry matter intake which illustrates that low rumen pH depresses

voluntary feed intake in cattle (F ulton et al., 1979b).



Over time, dry matter intake can return to normal if SARA does not recur. Brown et
al. (2000) showed that inducing SARA in Hereford x Angus crossbred steers and then
giving them free access to feed in days following SARA induction resulted in a gradual
increase in dry matter intake over a 3 d period to become similar to that of control animals.
Depression in dry matter intake is believed to be caused by rumen hypomotility that is
observed at low rumen pH (Huber, 1976; Kleen et al., 2003). Hypomotility is also believed
to result from increased translocation of gram-negative bacteria lipopolysaccharide (LPS)
from rumen bacteria as a result of low pH of rumen contents during SARA. The observed
hypomotility during acute rumen acidosis and after infusion of LPS into the blood support
this theory (Andersen, 2000). Bacterial LPS is the biologically active constituent of
endotoxin from gram-negative organisms that play a critical role in initiating
proinflammatory events that contribute to the pathogenesis of some diseases.
Proinflammatory mediators such as the cytokines TNFa, IL-1 and IL-6 are also believed to
suppress voluntary feed intake (Weingarten, 1996).

Rumen fluid osmolality increases in cattle after feed consumption. Inducing SARA
increaseé rumen fluid osmolality beyond the 300 mOsm limit that is associated with normal
rumen environment (Carter and Grovum, 1990). Osmolality of rumen fluid has been shown
to increase from 300 to 700 mOsm / kg in cattle w1th acute acidosis (Andersen et al.,
1994a). The increase in osmolality is due to dissolved minerals, and 6rganic acid in the
rumen. This results in an osmotic gradient that draws ﬂuids into the rumen. Osmolality
may also be registered by osmosensors in the reticulo-turrﬁnal wall (Bergen, 1972). These
sensors then send a negative feedback that is independent of rumen'motility to the brain for

the animal to stop eating (Carter and Grovum, 1990). Recent studies show that intraruminal




water infusions during water deprivation decreased rumen fluid osmolality and normalized
feed intake suggesting that a combination of rumen fluid and plasma hypertonicity are

major factors in feed intake depression (Burgos et al., 2000).

1.2.2 Laminitis

Laminitis is defined as the inflammation of the dermal layers inside the foot
(pododermatitis aseptica diffusa) (Nocek, 1997). It is prevalent in dairy cows during early
lactation and beef cattle on feedlot (Brent, 1976; Underwood, 1992). The true mechanistic
causes of laminitis are poorly understood but nutritional factors are important to its etiology
(Ruegg, 2000). Other factors such as season, housing type, and stall surface and stall type
are also important in the etiology of laminitis (Wells et al., 1993; Cook, 2003) Diets with
high proportions of digestible carbohydrates have b‘een associated with the onset of
nutrition mediated laminitis (Livesey and Fleming, 1987; Manson and Leaver, 1988; Kelly
and Leaver, 1990; Greenough et al.,, 1990), particularly in early lactation (Prentice and
Neal, 1'972). One of the theories on laminitis that implicates nutrition postulates that rumen
acidosis increases free ruminal LPS from gram-negative rumen bacteria. The low rumen
pH leads to damage to the ruminal walls which subseciuently leads to translocation of free
ruminal LPS into blood circulation (Nocek, 1997). Ruminal LPS and other substances such
as histamines éct as vasoactive agents when they are released into blood circulation causing
vascular changes within the dermal capillary beds of the corium (Nocek, 1997; Donovan et
al., 2004). The vascular changes lead to blood seepage into the corium and subsequently to

ischemia, inflammation, and necrosis of the corium-epidermal juhction resulting in
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laminitis (Nocek, 1997; Donovan et al., 2004). Repeated incidence of laminitis as a result
of repeated bouts of SARA in the same animal can lead to lameness.

Surveys carried out over the last 30 years have demonstrated that lameness in dairy
cows is a major cause of losses to the dairy industry. Data pertaining to the prevalence of
SARA, lameness in general, and specific causes of lameness, along with losses caused by
each of these disorders, are scant; therefore it is difficult to estimate the cost of these
disorders (Stone, 2004). However, it is estimated that lameness is vthe third most important
problem on many modern dairy farms after mastitis and reproductive failure, contributing
to economic losses for farmers (Whitaker et al., 1983; Enting et al., 1997). Economic losses
include cost of treatment, decreased milk production, decreased reproductive performance
and incréased culling due to feet and legs problems. Data on the incidence of laminitis that
is included in surveys is often a result of diverse factors whose ultimate manifestation is
lameness in cattle. Therefore care must be taken to try and separate the contribution of
environmental from nutritional causes of lameness 1n order to avoid bias. However, the

leading cause of lameness is laminitis (Frankena et al;, 1992).

1.2.3 Milk Fat Depression

Milk fat depression or low milk fat syndromé is also associated »with FSARA.
However, milk fat content is also influenced by stage of lactation, breed, the proportion of
concentrate in the diet, the levels of unsaturated dietary fatty acids_ and processing of
forages in the ration (Chouinard et al., 1999; Grant et al., 1990). Th_e théory that low milk
fat can result from SARA comes from the observed linear relationship between the ratio of

acetate + butyrate to propionate in rumen fluid and milk fat content (Kaufman, 1976;
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Sutton et al., 1986). This is because an increase in readily fermentable carbohydrates in the
diet favors a shift in rumen fermentation toward propionate. This shift in ruminal VFA can
affect milk fat synthesis through increasing supply of propionic acid at the expense of
acetate in the rumen. Propionic acid is a precursor for glucose formation and therefore
when its concentration increases more glucose is formed through gluconeogenesis. In
lactating dairy cows glucose is an important precursor for lactose synthesis and hence an
increase in glucose léads to higher milk yield without a concomitant increase in milk fat,
which invariably depresses milk fat. Increased propionate production in the rumen can also
lead to low intra-ruminal production of vitamin Bj, which causes a reduction in the
conversion of propionate to succinyl-coA. The resultant increase in the concentration of
methyl-malonate in the blood inhibits fat synthesis in various tissues including the
mammary gland (Van Soest, 1994). |

Other evidence suggests that incomplete saturation of fatty acids in the rumen is the
reason for milk fat depression. Infusion of 50, 100 and 150 g/d of cdnjugated linoleic acids
(CLA) into the abomasum reduced milk fat content in Holstein dairy cows (Chouinard et
al., 1999). Conjugated linoleic acids represent a mixture of positional and geometric
isomers of octadecadienoic acid‘ with éonjugated double bonds, and represents incomplete
biohydrogenation in dietary fatty acids. The CLA in ruminant milk and meat originates
from CLA produced from incomplete biohydrogenation of dietary linoleic acid in the
rumen, and endogenous synthesis of CLA from trans-11 octadecadienoic acid (Griinari and
Bauman, 1999). Reéent data ‘show that biohydrogenation of polyunsaturated fatty acids in
the rumen is reduced when high concentrate diets are fed (Loor et al., 2004). This partly

explains the association between milk fat depression and high concentrate diets.



12

1.2.4 Diarrhea

Incidences of unexplained diarrhea are associated with SARA in a dairy herd
(Nocek, 1997). It has been suggested that fecal consistency can be used as a diagnostic
aide for SARA. For example, Ireland-Perry and Stalling (1993) found that cows consuming
low fiber diets had feces that visually appeared to be of more liquid consistency but
actually had greater DM content than those from cows on high fiber diets. Rumen pH was
not recorded in this study and hence it is not possible to postulate whether this would be
true under rumen conditions that define SARA. However, others (e.g. Nordlund et al.,
2004) content that diarrhea is of limited usefulness in the diagnosis of SARA.

Qualitative evaluations of feces may yield important information. For example, feces
from cows with SARA may appear brighter and yellowish (Kleen et al., 2003). Foamy
feces and diarrhea suggest extensive hindgut fermentation which can be associated with
SARA (Nordlund et al., 2004). Fermentation in the hindgut produées VFA and gases such
as carbon dioxide. Whereas the VFA can be absorbed, microbiél protein is excreted in
feces and the gas produced appear as bubbles in feces giving feces the ‘foamy’ appearance.
Hindgut fermentation also results in increased acidity of hjndguf contents and feces-and this
leads to sloughing of epithelial cells in the large intestine (Hall, 2002). Protection from
further damage is accorded the animal by mucous or fibrin that is secreted to protect the
injured tissue (Argenzio et al., 1988). Mucin or ﬁbrin casts found inv the feces often haveb
the tubular form of the gut which is evide_nt»that intestinal damage has occurred (Hall,
2002). Extensive hindgut fermentation may also cohtribute to diarrhea. This is because
fecal consistency is defermined by movement of water into the digestive tract when digesta

become hyp'ertonic to plasma as a result of SARA (Huber, 1976).
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1.3 Patho-Physiology of SARA

Subacute ruminal acidosis is associated with inflammation of different tissue and
organs (Kleen et al., 2003). Factors that initiate inflammation include physical damage to
mucosal tissue and translocation of enteric bacteria such as Fusobacterium necrophorum
into blood circulation. These pathogens ultimately end up in body organs such as heart,
lungs and kidneys (Nordlund et al, 1995; Nocek, 1997). A combination of high
concentration of free ruminal LPS and rumen mucosal tissue damage can increase free
ruminal LPS translocation into blood circulation which results in inflammation (Nagaraja et
al,, 1978a, b; Andersen, 2000). Therefore changes in rumen fermentation that alters rumen
bacterial populations and increases the acidity of rumen contents predisposes cattle to
SARA-related diseases and conditions such as abscesses, laminitis and sudden death

syndrome.

1.3.1 Rumen pH

Feed factors that predispose cattle to low rumen pH include amount and type of
concentrate, grain processing, forage type and quality. High proportion of readily
fermentable carbohydrates in the diet increases ruminal VFA production beyond the
rumen’s absorptive capacity leading to rumen pH depression (Stone, 2004) ‘and inadequate
buffering from saliva flow due to either insufficient forage particle size in the diet or low
NDF content in the diet to promote chewing during eating and rumination (Beauchemiﬁ,
1991; Beauchemin and .Rode, 1997; Mertens, 1997; Nocek, 1997). Additionally, cereal

grains are digested more rapidly in the rumen than forages, which leads to more rapid VFA
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production and diurnal variation in rumen pH in concentrate based diets compared to
forage diets (Mertens, 1997).

Gradual introduction to high concentrate diets is necessary to allow rumen papillae to
increase in size and density so that capacity of the rumen wall to absorb VFA increases
sufficiently to prevent accumulaﬁon of VFA in the rumen (Stone, 2004). Gradual
introduction of concentrate also allows both lactic acid-producing and lactic acid-utilizing
bacteria increase. The increase in lactic-acid utilizing bacteria is important under these
feeding conditions because lactic acid produced by lactic acid-producing bacteria can be
converted to VFA which prevents its accumulation in the rumen. Gradually adapting dairy
cows to high concentrate diets over 4 to 5 weeks increased the average surface area of
rumen papillae from 10 mm® to 60 mm® and resulted in a fivefold increase in the absorption
of acetic, propionic and butyric acid during the first hour of production‘ (Dirksen et al.,
1985). The increased absorptive capacity prevented accumulation of VFA and prevented
rumen pH from falling below 5.6. |

Studies by Mackie and Gilchrist (1979) showed that at least 21.davys‘ are required to
adequately adapt sheep from high roughage to high concentrate diets in order to allow the
slow growing lactic acid-utilizing bacteria to sufficiently increase in number to prevent
accumulation of lactic acid produced by the more acid-tolerant lactic acid-producing
bacteria. Allowing the population of lactic acid-utilizing bacteria to increase ensures that
lactic acid concentration does not increase in the rumen fluid. Lactic acid is a more potent
acid which can reduce the rumen pH more dfastically compared to VFA because it has a
lower dissociation constant; pKa = 3.8 cdmpared to 4.8 for other ruminal acids (Owens et

al., 1998). Taken together, data from the studies by Dirksen et al. (1985) and Mackie and
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Gilchrist (1979) suggest that adaptation of ruminants to high concentrate diets must be
taken in the context of allowing sufficient time for rumen papillary growth and lactic acid-
utilizing bacteria to increase in number to prevent rumen pH depression by either an
accumulation of VFA or lactic acid in the rumen,

The time taken to adapt cows to concentrate diets is important. For example, Nocek
et al. (2002) showed that putting cows on 50, 60 or 70% grain diets and then switching
them between these diets whilst ensuring that the change in each case did not result in more
than 10% increase in grain, increased diurnal rumen pH variation and daily intake
variation for at least one week after the change. In order to meet requirements for energy
and protein for dairy cows in early lactation, the level of concentrate in the diet is increased
and high quality forages are used in ration formulation. The dilemma is often whether
increase nutrient density in the diet by increasing concentrate whilst reducing the forage
content; or to ensure adequate forage levels in the diet and reduce the nutrient density in the
ration. The latter would require the cows tb mobilize their body reserves more rapidly in
early lactation in order to meet nutrient requirements for milk production. F orage content
is critical in maintaining rumen pH through saliva production. The ability of dietary forage
to stimulate chewing is important in maintaining the flow of salivary buffers into the
rumen, which are required to neutralize fermentation acids (Bailey, 1961; Mertens, 1997).
Dietary fibre promotes chewing activity. The National Research Council (NRC, 2001)
recommends a minimum of 25% DM as NDF and that 75% of it must come from forage
sources, for diets containing corn grain. Diets that are low in fiber are often associated with
ruminal acidosis, reduced rumination, saliva secretion and_ fiber digestion, low acetate to’

propionate ratio and milk fat depression (Mertens, 1997).
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The physical form of the fibre is also important because the feed particles size in the
diet affects saliva production during eating and rumination. Saliva supplies an estimated 70
to 90% of the fluid and buffering capacity entering the rumen (Bailey 1961). Soita et al,,
(2000), fed low and high concentrate diets with either short or long chop barley silage
(either 4.68 mm or 18.75 mm, respectively) and found that forage particle size had no
effect on dry matter intake but that eating and ruminating times per day were reduced by 30
min/d and 60 min/d, respectively for cows fed the short barley silage diets. There was no
data in this experiment on the effects of the additional saliva buffer production with the
long particle size on rumen pH. Theoretically, a physical form of the diet that promotes
chewing and rumination will result in more saliva production per kg DM consumed and
increase the ability of the diet to buffer rumen pH. However there appears to be a limit to
this relationship. Dado and Allen (1994) showed that an increase in chewing time
(min/day) in high producing vcows was not proportional to the increase in DM intake, and
total chewing and ruminatioﬁ times per bkg of DM intake declined by 18% and 15%,
respecﬁvely as milk productien and DM intake increased by 30% and 24%, respectively.
Total chewing and rumination times per kg of DM intake were negaﬁvely correlated with
milk production. Thus, in high yielding dairy cows, it may be difficult to avoid conditions
that predispose the cow to SARA.

Maekwa et al. (2002a) found that multiparous cows spent more time chewing and
ruminating and had higher saliva production during resting than primiparous cows.
However, the rate of saliva production during eating was not affected by parity. Total daily
saliva production was similar between primiparous and multiparous cows. Diurnal rumen

pH variations showed that multiparous cows were at greater risk of ruminal acidosis
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because they ate more and probably had a higher ruminal total VFA concentration.
Chewing activity is usually a good indication of rumen health because chewing stimulates
saliva secretion.

In addition to the depressive effect on saliva production, processing feeds through
grinding and pelleting are etiological factors in hyperkeratosis of rumen epithelium which
compromises its ability to absorb VFA (Nocek and Kessler, 1980). Rumen papillae of 18
week old calves fed pelleted feed lacked uniformity in height and size, were broad and
blunt while others were abnormally long, and there was evidence of erosvion, crusting and
of firmly embedded feed particles on the rumen mucosa in contrast to calves fed a chopped
grass hay or corn silage-based diets. Resumption of conventiona] feeding in these calves
(i.e., chopped hay or corn silage-based calf diet) resulted in papillary rejuvenation and
development. Beharka et al. (1998) observed that when commercially rolled grains and
ground alfalfa hay were fed to calves, shorter paplllae with abnormal branching developed
in the dorsal sac and dorsal bhnd sac of the rumen compared to when the commercially
rolled grains were combined with chopped alfalfa hay. Grinding alfalfa hay also reduced
the rumen pH below 5.5 from week 2 to § of age. This suggests that rumen buffering from
saliva flow was lower in the calves on the ground alfalfa hay than in those fed chopped hay.

The type of feeds used in rations can affect the diet’s inherent buffering capacity.
This is because buffering capacity varies tremendously among feedstuffé. Generally
forages and high protein feeds have more buffering capacity than grains, low protein feeds

and grass forages (Jasaitis et al., 1987).
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1.3.2 Volatile Fatty Acids

Volatile fatty acids produced when carbohydrates are fermented by rumen bacteria
are passively absorbed through the rumen wall. The rate of absorption is dependent on
volatile fatty acid chain length, pH, concentration and osmolarity (Hoover and Miller,
1992). Accumulation of total VFA in the rumen depresses pH. Data from a study by Goad
et al., (1998) showed a negative correlation between rumen pH and ruminal VFA
concentration when SARA was induced in hay and concentrate adapted steers. In the same
study rumen VFA concentration peaked at 48 hours after SARA induction which also
coincided with the time with the lowest pH in the rumen suggesting that total VFA played a
major role in the reduction of rumen pH. When acute acidosis is induced lactic acid
concentration increases and is the main determinant of rumen pH. This is because when
rumen pH decreases below 5.0, fermentation by Streptococcus bovis is altered so that end
products of fermentation ehange from a mixture of acetic acid, formic acid and ethanol to

lactic acid only (Russell and Baldwin, 1979; Russell and Hino, 1985).

1.3.3 Rumen Fluid Osmolality

The osmotic pressure of rumen fluid has an important physiological significance for
ruminal function and voluntary feed intake (Andersen, 1993). Water is drawn across
membranes by osmosis into areas of high osmolality. The rate and extent of an increase in
rumen fluid osmolality depends on factors such as diet, water intake microbiallactivity and
time since the last meel (Carter and Grovum, 1990). Ruminal osmolality normally ranges
between 260 and 360 mili-osmoles (mOsm) per kg (Hoover and Miller, 1992). When

ruminal osmolality increases beyond this range, VFA absorption from the rumen decreases
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(Oshio et al., 1984) because VFA absorption is through passive diffusion (Hoover and
Miller, 1992). If osmolality of rumen contents becomes higher than that of body fluids and
blood osmolality, there will be a net inflow of body fluids into the rumen. This rapid
osmosis may lead to damage to rumen epithelium. Telle and Preston (1971) noticed
massive hemorrhaging in many areas of the rumen mucosa of a ewe that died after intra-
ruminal infusion with a racemic solution of D-L lactic acid probably due to corrosive action
of low pH. Similar damage to rumen mucosa may occur in cases of SARA. Once damaged,
these sites become focal points for enteric bacterial infection resulting in abscesses which
may subsequently lead to invasion of body tissue and organs such as the liver, heart and
lungs leading to formation of abscesses (Owen et al, 1998);

Rumen osmolality is strongly influenced by feed management prior to and at the time
of measurement. Andersen (1993), found that rumen osmolality of grain engorged cows
Was influenced by pre-experimental diets. Osmolality increased from 290 mOsm/ kg to 320
mOsm/ kg, when cows were. adapted from hay to high concentrate diets. Inducing acute
rumen acidosis in these cows ‘increased osmolality to 600 mOsm/ kg in concentrate adapted

cows compared to 400 mOsm/ kg in hay adapted' COWS.

1.3.4 Rumen Micro-organisms

The end products of microbial fermentation in the rumen depend on the diet and the
rumen m_icrobial populations that are predominant. These end products of fermentation
which are mainly VFA and sometimes lactic acid, also determine the rumen pH depending
onvfheir ruminal concentrations. This in turn determines the predominant types of rumen

bacteria (i.e., either fibrolytic or lactolytic).v An increase in readily fermentable
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carbohydrates in the diet initially increases the growth of most rumen bacteria because
substrate is available for the growth of these different groups of bacteria (Nocek, 1997).
Grain processing makes starch granules, more available for microbial digestion. For
example, fine grinding or heat and pressure treatments like steam flaking of cereal grains
increases the rate of ruminal digestion of starch (Nocek, 1997; Owens et al.,, 1998) As
fermentation proceeds and the concentration of products of fermentation such as acetate,
propionate and butyrate increase, the rumen papillae absorptive capacity is reached and the
accumulation of VFA in the rumen, decreases rumen pH. Within the pH range of 5.2 and
5.6, the fermentative capacity and growth rates of major lactic acid-producing bacteria such
as Streptococcus bovis and lactic acid-utilizing bacteria such as Megasphaera elsdenii exist
in equilibrium and therefore lactic acid produced is immediately utilized. Therefore
decrease in rumen pH within this range is due to increases in total VFA rather lactic acid
(Goad et al., 1998; Enemark, 2002).

In general, rumen aéidity results in a reduction in cellulolytic bacferiav and a shift in
bacterial population so that gram-positive cocci and rod'sk predominate e\}en though gram-
negative bacterial numbers also increase under these conditions (Nagaraja et al., 1978a;
Goad et al., 1998). There is a lack of data on studies to identify the bacteria species that
predominates within the rumen pH range that defines SARA. One possible reason is the
complexity of studies involving rumen bacteria in terms of nutrient and environmental
requirements such as pH and presence or absence of oxygen. This diversity in the
requirements for different microbial groups does not allow enumeration of different species
of bactgria on a single sample in the same medium. In one study, total coliform counts and

D-lactate concentrations were determine in an in vitro experiment where inoculum was
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obtained from hay- and concentrate-adapted steers to determine microbial changes that
occur at different pH (Slyter and Rumsey, 1991). A microbial model that can be used to
determine changes in rumen gram-negative bacteria populations that encompasses all
enteric gram-negative bacteria is lacking. Table 1 is adapted from Russell and Rychlik
(2001) and it contains the predominant rumen bacteria classified according to gram
staining, substrate and end products of fermentation. Both gram-negative and gram-positive
bacteria belong to the group of bacteria that uses both fibrous and starchy material as the
main substrate. This may imply that in fofage or concentrate based diets, gram positive and
gram-negative bacteria exist in the rumen. However, it is not clear whether gram-negative
or gram-positive species are predominant within a pH range between 5.2 and 5.6 in the
rumen.

Some protozoa species such as entodiniomorphid are also important in maintaining
rumen pH This is because these protozoa engulf starch. Because starch is sequestered from
bacteria, the fermentation of starch by lactic acid—préducing bacteria is slowed down
(Bonhomme, 1990). Other species of protozoa are susceptible to rumen acidity. For
example, in a study by Goad et al. (1998) where SARA was. induced in two groups of
steers that had been adapted to‘ either high grain or forage diet, the protozoa numbers
decreased more in the forage adapted than a high grain diet adapted steers. The contribution

from protozoa to the maintenance of rumen pH is small.
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substrate and end products of fermentation.

TABLE 1. Predominant ruminal bacteria classified according to gram staining,

Gram-negative Gram-positive

Ruminal niche

Fermentation products

Fibrobacter succinogenes

cellulose

succinate, formate, acetate

Ruminococcus cellulose hemicellulose succinate, formate, acetate, H,
favefaciens

Ruminococcus albus  cellulose hemicellulose acetate, formate, ethanol, H,
Butyrivibrio starch, cellulose, hemicellulose, pectin, butyrate, formate, acetate, H,
Jibrisolvens sugars

Prevorella ruminicola
Prevotella albensis
Prevotella bryantii

starch, pectin, xylans, sugars

succinate, acetate, formate,
propionate

Streptococcus bovis

starch, sugars

lactate, acetate, formate, ethanol

Selenomonas starch, dextrins, sugars, lactate, lactate, acetate, propionate,

ruminantium succinate butyrate, formate, H,

Eubacterium hemicellulose, dextrins, sugars acetate, formate, butyrate, lactate

ruminantium

Megasphaera lactate, sugars propionate, acetate, butyrate,
; branched chain VFA, H,

Clostridium amino acids Branched chain VFA, acetate,
butyrate

Clostridium amino acids Branched chain VFA, acetate,
butyrate

Lactobacillus starch, sugars lactate, acetate, formate, ethanol

Anaerovibrio lipolytica

glycerol, sugars

acetate, succinate, propionate
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TABLE 1. (continued) Predominant ruminal bacteria classified according to gram staining, substrate and end products of

fermentation.
Gram-negative Gram-positive Ruminal niche Fermentation products
Succinomonas “starch succinate, acetate, propionate
amylolytica
Ruminobacter starch succinate, formate, acetate,
amylophilus ethanol
Lachnospira pectin, sugars lactate, acetate, formate, H,
multiparous’
Succinivibrio pectin, dextrin, sugars succinate, acetate, formate, lactate
dextrinosolvens '
Peptostreptococcus amino acids branched chain VFA, acetate
anaerobius ‘
Metahonbrevibacter H,, CO,, formate CH,
 ruminantium

‘Source: Adapted from Russell and Rychlik, 2001.
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1.3.5 Systemic Manifestations Associated With SARA

Physiological changes that result from SARA are implicated in the etiology of some
diseases particularly those associated with inflammation. Inflammation may be due to
either tissue injury or invasion of the systemic circulation by rumen bacteria. Prolonged
exposure of the ruminal epithelium to low rumen pH leads to hardening and enlargement of
rumen papillae. This can be exacerbated by feeding pelleted feeds. When cows are
repeatedly exposed to conditions that result in low rumen pH, papillae may adhere together
to form bundles and subsequently contain excessive layers of keratinized epithelial cells,
particles of food and bacteria (Nocek, 1997). This decreases the ability of the rumen wall to
absorb VFA, and further exacerbates total VFA concentration in the rumen making
affected animals more prone to SARA. |

Progressive epithelial tissue damage and formation of lesions on the rumen wall lead
to entrance of rumen micro-organisms most notably ‘by Fusobacterium nercrophorum and
sometimes by Acanobacterium pyrogenesw into the blood circulation (Nocek, 1997,
Nagarajé and Chengappa, 1998). These bacteria spread first ‘to the liver where they form
abscesses and, in some cases, they may spread to other tissue énd organs (Nordlund et al.,
1995). This often leads to generalized abscessation within the ruminant body (Kleen et al.,
2003). The presence of micro-organisms within the body may also be manifested as
subcutaneous abscesses that are not related to injections (Nordlund et al., 1995), or as
incidences of hemoptysis and epistaxis especially when bacterial infection occur in the
lungs (bacterial pneumonia) or in the caudal vena cava (Nordlund, et al., 1995). The term
parakeratosis—rumenitis—liver abscesses éomplex has been proposed as being apt for ’_[he

description of these patho-physiological manifestations that originate with exposure of
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rumen mucosa to acidic rumen contents and then the invasion of body organs and tissue by

pathogens from the rumen (Kleen et al., 2003).
1.4 Inflammation Response

One of the common physiological characteristic of the disease complexes described
above is the involvement of the inflammatory response. This response is indicated by
changes in concentrations of acute phase proteins synthesized in the liver. Immediately
following infection, trauma or tissue injury, a complex series of reactions occur in order to
prevent ongoing tissue damage, and to isblate and destroy infective organisms as well as to
start the repair process to return the affected organism to normal functions (Kushner, 1982;
Baumann and Gauldie, 1994). The cumulative homeostatic process is called inflammation
and the cascades of reactions that are set off immediately in concert with the stimulus are
known as the acute phase response (APR). These are a well orchestrated sequence of
processes initiated’ at thé site of infection or trauma and involved the reiease of soluble
mediators such as cytokines, anaphylatoxins and glucocorticoids (Baumann and Gauldie,

1994; Kushner and Rzewnicki, 1994; Steel and Whitehead, 1994).

1.4.1 The Acute Phase Response

The initial cascade of events during the APR starts with the tissue macrophages and
blood monocytes which are activated to produce a broad range of mediators (Baumannv énd
Gauldie, 1994). Additionally, other events that complement the elevation of these

mediators in the tissue and blood are also initiated. Notable among them are mast cell
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degranulation and aggregation-induced platelet activation which results in the release of
monocyte and macrophage chemo-tactic mediators such as transforming growth factor B
(Baumann and Gauldie, 1994 Kushner and Rzewnicki, 1994). Macrophages and monocytes
are also activated by bacterial LPS or the byproducts of opsonins and thus contribute to the
APR cascade (Petersen et al. 2004). The major mediators that are important in the APR are
the cytokines IL-1, IL-6, and TNFa. These cytokines appear to be uniquely important for
setting off the initial reactions in the cascade that characterizes APR (Baumann and
Gauldie, 1994). In terms of the immune response, a number of responses are triggered by
the initial wave of cytokines released at the reactive site. The cytokines amplify their own
levels through the action of IL-1 and TNFa on stromal cells to éause a secondary wave of
cytokines. This is achieved through the secretion of molecules that are highly chemo-tactic
for neutrophils and mononuclear cells such as interleukin-8 and monocyte chemo-attractant
protein, respectively (Baumann and Gauldie, 1994}. In this way, leucocytes migrate into
the injured tissue and synthesize mediators that are releaséd during the secondary wave of
cytokines (Lloyd and Oppenheim, 1992).

Another way in which the second wave of cytokines is produced involves endothelial
cells of the blood vessels adjacent to damaged tissue communicating with the réactive
tissue to facilitate the migration of leucocytes to the reactive tissue. Through the action of
IL-1 and TNF, endothelial cells undergo major changes in gene regulation and surface
expression of important adhesion and integrin molecules which interacts with neutrophils
and other circulating leucocytes to slow théir rate of flow and initiate trans-endothelial
passage and subsequent migration to the reactive site (Rot, 1992; Baumann and Gauldie,

1994).
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The second wave of cytokines is responsible for the systemic inflammatory response.
The major manifestations of a systemic response are; elevation of the temperature set point
in the hypothalamus with a resultant febrile response (Dinarello et al., 1991), and altered
hepatic metabolism and subsequent changes in serum concentration of acute phase proteins
(APP) (Kushner 1982; Petersen et al., 2004). The APP produced by hepatocytes are present
in different concentrations. Acute phase proteins are generally classified by the magnitude
of their response during an APR. The concentration of positive APP generally increases
during an APR. These can further be classified into major, moderate or minor APP. The
concentrations of negative APP generally decrease during an acute phase response.
However, the term APP is usually used to refer to positive APP because these are the onesb
that are of interest as diagnostic aides in inflammatory diseases for livestock (Petersen et
al., 2004; Hirvonen, 2000). Hirvonen (2000) categorized APP in cattle according to the
magnitude of their response during an APR. Proteins that showed 10 — 100 fold increase
were classified as major APP and tlﬁs gréup includes haptoglobin (Hp) and semﬁ amyloid
A (SAA). Proteins that showed a 2-10 fold increase were classiﬁéd as moderate APP and
this group includes a;-acid glycoprotein and o;-proteinase inhibitor. Proteins showing a 1-5
fold increase during an APR were termed mild APP and this group includes fibrinogen,
ceruloplasmin, op-macroglobulin, complement component 3 and bovine lipopolysaccharide

binding protein.
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1.4.2 Acute Phase Proteins in Cattle

The range of APP in human medicine (Kushner, 1982; Steel and Whitefield, 1994;
Bauman and Gauldie, 1994; Kushner and Rzewnicki, 1994) and veterinary medicine
(Petersen et al., 2004) has been reviewed in detail. In cattle, the major acute phase proteins
are Hp and SAA and these have been studied the most in this species. Their role as
diagnostic aides in various inflammatory diseases has been recognized and exploited
particularly in studies on mastitis and bovine viral and bacterial respiratory diseases. The
APP can potentially be useful in diagnosis of éubclinical disease conditions where clinical
signs cannot be used to detect diseases. The merits and demerits of the various APP will
not be discussed here but discussion hereon will be focused on those proteins that may have

a practical application in the present studies.

1.43 Serum Amyloid-A

Serum amyloid-A is the collective name given to a family of pélyfnorphic proteins
encoded by multiple genes in a number of mammalian species (Steel and Whitéhead,
1994). wa members of this family have been identified in cattle (McDonald et al., 2001).
Functionally, SAA is associated with lipoproteins in plasma and acts as a scavenger for
cholesterol released at sites of inflammation (Meglia et al., 2005). Serum amyloid A may
also increase the clearance of bacterial LPS because of its association with high density
lipoprotein (Tobias et al., 1982).

Serum amyloid-A is released into the circulation in response to infection or injury.
Within 24-36 hours after infection or injury, the blood concentration_s of SAA can increase

by as much as 10 times over basal concentrations (Heegaard et al., 2000). In cattle, SAA
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concentrations increased as a result of various inflammation stimuli such as infection with a
wide range of inflammatory diseases (Alsemgeest et al. 1994); in clinically and
bacteriologically defined acute metritis (Hirvonen et al.,, 1999); experimental mastitis
infections with either Streptococcus uberis (Pedersen et al., 2003) or intra-mammary
infusion with Escherichia coli 0111:B4 LPS (Lehtolainen et al., 2004); experimental
infections with bovine respiratory syncytial virus (Heegaard et al., 2000); in cattle housed
in pens with slippery floors which induced stress (Alsemgeest et al. 1995); and as a result
of physical injury (Connor et al., 1988 ). |

Serum amyloid-A response to acute phase stimulants is faster than that observed for
Hp. For example, Werling et al. (1996) reported an increase in SAA within 6 hours after an
intravenous LPS infusion but found no increase in Hp within the same time frame.
Horadagoda et al. (1994) also observed a more rapid SAA response compared to that of Hp
in calves in experimental infections with Pasteurella haemolytica. The magnitude and the
duration of response of SAA dﬁring an APR correlated positively with the severity of
clinical signs in cattle undergoing expeﬁmeﬁtal infection with bovine respiratory syncytial
virus (Hirvonen et al., 1999; Heegaard et al., 2000). Lipopolysaccharide infusions at the
rate of 10 ng and 100 ng / kg body weight in dairy cows resulted in a dose dependent
increase in both SAA and Hp concentrations (Jacobsen et al., 2004). Serum amyloid-A can
be more useful in distinguishing between acute and chronic inflammation than neutrophils

and white blood cell counts (Horadagoda et al., 1999).
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1.4.4 Haptoglobin

Bovine Hp consists of two subunits that are polymerized with albumin putting its
total molecular weight in the range between 1 000 and 2 000 kDa (Morimatsu et al,
1991). The component subunits consist of one a~chain with a molecular weight of 16 —
23 kDa and a B-chain with a molecular weight of 35 — 40 kDa (Eckersall and Conner,
1990; Morimatsu et al, 1991). Large and heterogeneous molecular sizes with different
degrees of polymerization have been reported (Morimatsu et al., 1991).

The primary function of Hp is to bind hemoglobin released from red blood cells
during hemolysis and thus prevent the loss of iron by forming stable complexes with free
hemoglobin in blood (Putnam, 1975). The hemoglobin is then transferred to liver cells for
detoxification whereupon the iron is recycled in the body (Putnam, 1975). By restricting
the availability of iron, Hp prevents the growth of some pathogenic bacteria that require
iron for their metabolism (Eaton et al., 1982). Although Hp is a major APP in most
species, serum concentrations can be influenced by factors other than the APR. Hp
concentrations can increase under a variety of experimentally induced and bnaturally
occurring disease conditions and trauma. Diseases such as coliform mastitis (Hirvonen et
al., 1996; Ohtsuka et al., 2002) and trauma (Faulkner et al., 1992; Earley and Crowe,
2002; Ting et al., 2003) have been shown to increase Hp concentrations. Humblet et al.
(2004) concluded that Hp and fibrinogen can be used as screening aides»to identify calves
suffering from bronchopneumonia when selecting animals for treatment. Haptoglobin is
also increased in cattle suffering from pneumonic pasteurellosis (Dowling et al., 2002) or
bovine respiratory syncytial viral disease (Heegaard et al., 2000). It has been suggested that

Hp could also be used as a diagnostic aide for some reproductive problems in cattle after
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parturition (Chan et al., 2004). Hirvonen et al. (1999) observed increased Hp concentrations
in cows with severe cases of acute metritis. Non-infective metabolic conditions such as
milk fever and ketosis do not increase plasma Hp concentration (Skinner et al., 1991).

The fact that Hp concentrations can be elevated within 72 h after infection or injury
make it a potentially useful diagnostic tool for detecting conditions that result in an

inflammation before the onset of clinical signs (Godson et al., 1996).

1.4.5 Fibrinogen

Fibrinogen is a mild APP whose concentration may increase 2-3 times during an
acute phase response (Eckersall, 2000). Fibrinogen is an integral part of the coagulation
pathway. The coagulation cascade comprises two independent pathways termed the
intrinsic and extrinsic pathways which converge on the activation of factor x and
subsequently becomes a single common pathway which leads to the formation of fibrin
from ﬁbrinogen. (Nﬁtescu et al., 2005). Fibriﬁogen concentrations increased after localized
inflammation from tissue damage without infection Whén turpentine was injected
subcutaneously in calves (Conner et al., 1988). Concentrations also increased as a result of
trauma of surgery such as castration (Fisher et al., 1997; Earley and Crowe, 2002), or due
to transportation (Arthington ét al., 2003), and experimental infections with bovine herpes
virus-1 (Arthington et al., 1996).

Fibrinogen concentration can also remaﬁn unchanged or decrease during acute
inflammatory conditions in cattle. Fibrinogen concentrations may decrease because it is
vulnerable to proteolytic enzymes other than thrombin and is constantly being broken down

(Putnam, 1975). Fibrinogen may also decrease because of fibrinogen-fibrin conversion at
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the inflamed area, and thus its consumption may transiently exceed production (Welles et
al., 1993). Fibrinogen responses to acute phase stimulants may be exacerbated by copper

deficiency in cattle (Arthington et al., 1996).

1.4.6 Hematological Analyses as a Diagnostic Tool For Inflammation

1.4.6.1 White Blood Cell Count: White blood cells (leukocytes) are made from stem
cells in bone marrow. White blood cells (WBC) can be used in diagnosing infectious
diseases and inflammatory conditions in most species. There are five types of leukocytes
and these are the granulocytes which include neutrophils, eosinophils, and basinophils and
two kinds of leucocytes that do not have granulocytes which include lymphocytes and
monocytes (Swenson, 1984). They are all important components of the immune system.
Neutrophils enter the tissue fluid by squeezing through capillary walls and phagocytize
foreign substances. Lymphocytes play an important and integral part in the body's defense
against infections. The two categories of lymphocytes are T-cells, which attack cells
containing viruses and B-cells that produce antibodies (Tizard, 11982).

Total WBC are only slightly affected by inflammatory disease and are of limited
usefulness in diagnosing inflammatory conditions. White blood'éell,counts do not increase
very strongly with inflammatory diseases (Horadagoda et al., 1999). However, changes in
the different types of leucocytes can be more informative in diagnosis than the total WBC.
For -example, cows respond to inflammation with an initial leukopenia which is an
abnormal decrease in leukocyte, followed by a leukocytosis which involves the appearance

of abnormal and immature cells in circulation. The leukopenia is a result of loss of




33

lymphocytes from circulation. This is because lymphocytes migrate to site of injury or

infection during inflammation.

1.4.6.2 Platelet Count: Platelets are small, colorless, round or rod shaped bodies in the
circulating blood of mammals. Platelets respond to damaged endothelium or almost any
‘foreign surface’ by adhering to the surface, altering their shape, releasing platelet
constituents, and forming platelet aggregates (Gentry and Downie, 1984). Although their
diagnostic value has not been evaluated, it has been suggested that changes in platelet
counts may be a better diagnostic tool than WBC and that increased platelet count would
indicate persistent bacterial infection (Hirvonen, 2000). Therefore tissue damage and
pathogen invasion into tissue and organs can potentially elevate platelet counts in affected

animals.
1.5 Incidence of SARA

The insidious nature of SARA has made documentation of its prevalence difficult.
However, it is suspected to be widespread within the dairy industries of most major dairy
farming nations where grains such as barley and corn are the major energy sources in the
rations. The problem of diagnosing SARA is the absence of specific clinical signs.
Additionally signs that are associated with SARA can also be attributed to poor
management (Nécek, 1997). Only limited information on_‘the prevalence of SARA is
currently available. A survey on 15 dairy farms in Wisconsin showed the presence of

SARA in 19% of early lactation cows and 26% of mid-lactation cows (Garrett et al., 1997).
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lactation cows (Oetzel et al., 1999). The problems in diagnosing SARA, makes it difficult
to assess its economic impact but it is believed to be significant. Data obtained from a case
study on a 500 cow dairy herd in New York can be used to illustrate the economic
importance of SARA. In this field study, SARA reduced milk yield, milk fat production
and milk protein production by 2.7 kg/d, 0.3 percentage points and 0.12 percentage points,
respectively (Stone, 1999). The percentage reduction on milk fat and milk protein may not
seem great but applied to an entire lactation these reductions can amount to a financial loss
of as much as $400 per cow /year . If costs such as culling due to SARA related problems
and penalties incurred due to low milk fat are added, the estimated cost would be even
higher than this estimate.

Currently, there is no data on the prevalence of SARA in western Canada. Since
barley grain and barley silage are common ingredients in dairy diets in western Canada,
and these feedstuffs are fermented more rapidly in the rumen than corn, barley-based diets
pose a greater risk for SARA. Recent data also shows that some dairy herds in western
Canada are likely to be at greater risk of SARA because of a potentially low buffering
capacity of the some of the diets due to a shorter-thanrec;ommended particle size in the
diet. While it is recommended that at least 40% of feed particles of dietary ingredients in a
TMR for dairy cows be longer than 8 mm (Heinrichs, 1996), a survey of Manitoba dairy
farms revealed that TMR was finer than recommended on at least 25% of farms (Plaizier et

al., 2004). Thus, cows on at least 25% of the farms surveyed are at risk for SARA.
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1.6. Effects of SARA on Ruminal Lipopolysaccharide

1.6.1. Structure of LPS

Bacterial LPS is a component of the cell wall of gram negative bacteria. In general
LPS is comprised of three main regions which are: the side chain, the core polysaccharide
and the lipid A (Raetz and Whitfield, 2002). Different gram negative bacterial strains have
different side chains. This enables LPS from different bacterial strains to be differentiated.
The side chain is made of repeating units of oligosaccharides whose type, sequence and
linkage determine the antigenic specificity of a particular LPS (Rietschel et al., 1996; Raetz
and Whitfield, 2002). The side chain is known as ‘the O-specific side chain’ and is used for
serological typing of gram-negative bacteria (Rietschel et al.,, 1996). The core
polysaccharidevis common to LPS from a one species of bacteria and it is structurally
distinct. Two unusual sugars are usually present, heptose and 2-keto-3-deoxyoctonoic acid,
in the core polysaccharide (Rietschel et al.,v 1996). The lipid A part of LPS is composed of a
backbone of phosphorylated glucosamine-disaccharide with lipids attached to it. Lipid A is

responsible for endotoxic activity of LPS (Galanos et al., 1984).

1.6.2. Ruminal Fluid Concentration of LPS

It has been suggested that LPS is released into the rumen from bacteria when théy die
and lyse or during rapid growth (Nagaraja et al., 1978a; Wells and Russell, :l 996). It has
also been suggested that as much as 60% of LPS in the rumen may be released during
bacteria growth (Andersen, 2000). During rapid growth, autolytic enzymes are required for

bacteria cells to expand and grow but excessive activity of these enzymes lead to bacteria
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cell lysis. Studies with Fibrobacter succinogenes showed that autolysis was 10 times
higher in rapidly growing cells compared to cells in the stationary phase (Wells and
Russell, 1996). Efforts to relate free ruminal LPS concentration to the total number of gram
negative bacteria in rumen fluid showed poor correlations (Nagaraja et al., 1978a). The
number of gram negative bacteria relative to gram positive bacteria is larger in hay fed
cattle than in grain fed cattle (Krogh, 1961). However, the total number of bacteria is
greater in grain fed cattle and thus the total number of gram negative bacteria was found to
be greater in grain fed cattle compared to hay fed cattie (Nagaraja et al., 1978a). Mullenax
et al. (1966) were among the early scientists to investigate the presence of ﬁee LPS in the
rumen. They extracted substances from ruminal fluid which, when injected in healthy
sheep and cattle, exhibited symptoms similar to endotoxicosis. In addition to the induction
of endotoxicosis they also found that symptoms were reduced if the aﬁimal had been
previously exposed to LPS.

Nagaraja et al. (1978b) measured ‘LPS in cell-free rumen fluid of two cows that were
fed either all hay or all grain diets. Lipopolysaccharide concentration in rumen fluid was
determined indirectly by determining the dose that would kill half the test population
(LDsg), of mice that had been made tolerant to £ coli endotoxin. Ruminal LPS was in the
range of 24.57 - 30.71 pg/mL in the grain-fed cow and 6.47 - 11.62 pg/mL in the hay fed
cow. Feeding grain has also been shown to increase both gram-negative and gram-positive
bacteria in the rumen although the proportion of gram-positive bacteria is higher than when
hay based diets are fed (Nagaraja et al., 1978a). As indicated above, when rumen fluid from
a cow that had been adapted to hay was incubated in vitro yvith either alfalfa hay or ground

extruded corn, the gram-positive bacteria increased from 10.7% and 19.1% to 28.9% and
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45.6%, respectively and gram-negative bacteria decreased from 89.3% and 80.9% to 71.1%
and 54.5% by 9 hours after the start of incubation (Nagaraja et al., 1978a). However,
gram-negative bacteria numbers increased and were higher in rumen fluid incubated with
corn than alfalfa hay. This led these authors to conclude that LPS resulted from a process in
which rapidly growing gram-negative bacteria shed LPS into rumen fluid. Additionally,
death and lyses in other gram-negative bacteria that cannot thrive due to low pH also
contribute to free ruminal LPS.

Andersen et al. (1994a) observed that acute acidosis induced by grain vengorgement
caused an increase in free ruminal LPS only in grain adapted cows compared to those
adapted to hay. These findings appear to be inconsistent with the well accepted premise
that gradual introduction of concentrate prepares rumihants to deal with intakes of high
concentrate diets. These researchers also used a modified Limulus amoebocyte lysate
(LAL) technique that they described as a very sensitive and accurate technique for LPS
analysis. Mochizuki et al. (1996) measured the mminaldoﬁcentration of LPS in dairy cows
immediately after calving and found that free ruminal LPS incréased slightly with declining
pH but that the peak concentration varied with each animal. There was a tendency for
higher yielding cows to have a higher ruminal LPS level. Grain adaptation appears to
provide a greater potential for the release or prodﬁction of free LPS in rumen ﬂuid
(Andersen et al., 1994a). Therefore, high yielding dairy cows on high concentrate diets in
the transition period or during early lactation are more suscei)tible to ruminal acidosis and

to high LPS concentration in the rumen.
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1.6.3. Peripheral Blood Concentration of LPS

The role of LPS in the manifestation of clinical signs of ruminal acidosis is not clear.
Studies to measure LPS in peripheral blood circulation in experiments in which acute
acidosis was induced in cattle have yielded inconsistent results. Some studies reported the
presence of LPS in peripheral circulation of cattle with experimental acute acidosis
(Dougherty et al., 1975; Aiumlamai et al., 1992), while others (Andersen and Jarlov, 1990;
Andersen et al., 1994b) were not able to detect any LPS. It is generally believed that LPS is
not a contaminant of systemic blood in healthy animals and that its presence in peripheral
blood indicates impaired liver function (Andersen, 1990).

Atumlamai et al. (1992) used oats to induce acute acidosis in calves and then
monitored plasma LPS. Four calves aged 5 months that had previously been adapted to a
roughage diet were used. Liver function was tested prior to the experiment and was deemed
normal in all animals. Blood samples were collected before acute acidosis was induced to
determine baseline values of plasma LPS. Two calves had significantly elevated plésma
LPS before grain engorgement. The LPS concerﬁration increased in only one of the two
calves that had shown high LPS concentration before ruminal acidosis. There was no
change in LPS concentration of the other calves that showed high pre-engorgement LPS
levels. The two calves that did not show LPS in plasma before acute acidosis was induced
only showed a slight increase in LPS concentrations when acute acidosis was induced.
There was no evidence of liver damage in all the animals. These researchers concluded that
ruminal acidosis may be complicated by LPS from the gaétrointestinal tract and that the
response in LPS translocation Variés among animals. Dougherty et al. (1975) also detected

LPS in blood of three sheep and a steer after inducing acute ruminal acidosis. Their results
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showed that LPS was present in peripheral blood before and after acute ruminal acidosis
was induced.

The findings of these studies contradict those by Andersen and Jarlov (1990) who did
not detect any LPS in plasma samples from non lactating Jersey cows that had been
adapted to an all forage diet before acute rumen acidosis was induced. Instead they noticed
a decrease in ruminal LPS concentrations 2-4 days after grain engorgement. Subsequently,
Andersen et al. (1994b), using two fistulated jersey cows fitted with totally implanted
indwelling catheters in the portal and hepatic veins and carotid artery, detected LPS in the
portal and pre-hepatic circulation but not in the peripheral blood circulation. Hepatic and
portal blood samples tested positive to LPS even before ruminal acidosis was induced.
Starting 12 h after inducing acute acidosis, LPS was present in hepatic and portal blbod
samples. In one cow, only one blood sample collected 14 h after inducing acute ruminal
acidosis was positive to LPS in arterial blood whilst in the other cow, arterial blood
samples became positive 4 h after acute acidosis Was induced and LPS could be detected
for up to 12 h. Hepatic and portal blood LPS concentrations increased 2-4 times comparéd
to concentrations in the same animals‘prior to inducing acute acidosis. The finding that
hepatic and portal blood concentrations of LPS were unpredictable and intermittent in this
experiment, may explain the inconsistencies reported in the literature on the effects of acute
acidosis on LPS concentration in peripheral blood (Andersen et al., 1994b). In the same
study, higher LPS concentration was detected in hepatic and portal blood but not in
peripheral éirculation in cows with acute ruminal acidosis. The presence of LPS in hepatic
and pdrtal circulation may imply that the rate of LPS translocation increases when acidosis

is induced. However, LPS concentrations are often undetected in peripheral circulation due
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to the ability of the liver to rapidly detoxified and remove LPS before it gets further into
peripheral circulation (Andersen, 2000). Therefore, an absence of LPS from peripheral
circulation must be interpreted cautiously as this does not necessarily prove that ruminal

bacterial LPS was not translocated into blood circulation.
1.7. Summary

When cattle experience daily episodes of low rumen pH, there are immediate and
long term effects on productivity and animal health. The immediate effects of SARA on
cattle production include alteration in rumen microbial populations which lead to changes
in rumen fermentation. Subacute ruminal acidosis impairs the activity of cellulolytic
bacteria (Grant and Mertens, 1992), which results in decreased rate of fiber digestion in the
rumen as demonstrated by in vitro (Grant and Mertens, 1992; Calsamiglia et al., 2002) and
in vivo (Plaizier et al., 2001; Krajcarski-Hunt et al., 2002) studies. As a result, fermentation
shifts towards production of more propionic acid and less acetic acid in the rumen. The
altered rumen microbial populations also result in incomplete biohydrogenation of
unsaturated dietary fats in the rumen which has been suggested to cause a decrease in milk
fat content. Changes in the rate of rumen digestion also result in increased hindgut
fermentation of dietary starch. This leads to decreased amino ‘acid absorption through a
concomitant decrease in rumen microbial protein which may subsequently lead to
depressed milk protein content. Some .studie‘s have shown significant decreases in milk fat
and protein contents when SARA was induéed while others have not. This inconsistence

may be due to the variation in the period for which experimental animals are subjected to
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SARA in the different studies in the literature (Krause and Oetzel, 2005). The changes
associated with altered rumen fermentation can be reversed if SARA is diagnosed and
rectified.

Subacute ruminal acidosis in dairy cows is also associated with unexplained episodes
of diarrhea that are often overlooked, subcutaneous abscesses, and sudden death syndrome
(Nordlund et al., 1995). The initial effect of SARA is the parakeratosis of the rumen
epithelium that leads to rumenitis and subsequent invasion of body tissue by pathogens
from the rumen. These pathogens include Fusobacterium ﬁecrophorum and
Arcanobacterium pyrogenes which have been isolated from SARA-related abscesses.
Another long term effect of SARA is believed to be subclinical laminitis which
subsequently leads to lameness. The high incidence of laminitis in cattle on high
concentrate diets particularly during grain adaptation in beef cattle during introduction to
finishing diets, has led to the presumption of a ‘cause’ and ‘effect’ relationship between
concéntrate based rations and laminitis. Central to this hypothesis is the role of vasoactive
substances such as bacterial LPS and histamine. It has Béen suggested that rumen bacterial
LPS can be translocated into blood circulation via damaged epithelial tissue when SARA is
induced. Tissue damage, presence of pathogens and presence of LPS in the tissue and
organs of animals are responsible for the perturbations that are associated with SARA.

Conditions that predispose cows to SARA include insufficient dietary physically
effective fiber, or conversely too much nonstructural carbohydrates of the diet. Physically
effective fiber is important because it stimulates saliva flow during‘ chewing and
rumination. Saliva is a major source of buffers that are needed to neutralize the low rumen

pH that results from VFA production through microbial fermentation. There is a general
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paucity of data in the literature on the incidence of SARA because of the absence of
specific signs and simple diagnostic methods that can be used under field conditions.
Presently, rumenocentesis and obtaining rumen fluid samples by stomach tubing for
measuring rumen pH in vifro are the only methods that are available to diagnose SARA
under field conditions.

It is generally believed that ruminal LPS concentration increases when SARA is
induced because of rapid growth and death and lyses of some gram-negative bacteria.
However, data from some experiments where acute acidosis was induced do not show
results consistent with this theory. Rumen bacteria populations that are predominant under
SARA and acute acidosis could be different. It is important to investigate the changes in
ruminal LPS in order to better understand the factors that are involved in initiating disease
conditions that ére related to SARA such as laminitis. In this way, interventions can be
designed that would minimize the negative effects of SARA, improve dairy production

efficiency and improve the consumers’ perception of the industry.
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HYPOTHESES

The literature reviewed shows the central role of rumen bacteria in the development
of SARA -related diseases. Based on this, the following hypotheses are made:

1. Inducing SARA can create conditions in the rumen that increases free ruminal LPS
concentration. The changes in free ruminal LPS depend on the diet and the duration this
diet is fed prior to induction of SARA.

2. Changes in free ruminal LPS and the damage to rumen epithelium as a result of low
rumen pH activates a systemic inflammatory response that can be indicated by changes
in concentrations of inflammation markers such as serum amyloid A, haptoglobin,
fibrinogen, and white blood cells. -

3. The inflammatory response that results from SARA will be different in cattle

previously adapted to hay versus concentrate diet.




OBJECTIVES

In order to test the hypotheses, experiments were designed to investigate the following:

1)

2

3)

4

5)

To determine changes in free ruminal LPS, serum Hp, and plasma SAA concentrations
resulting from grain induced SARA in cattle.

To determine the effects of diets fed prior to SARA induction on free ruminél LPS
concentration, serum Hp and plasma SAA in cattle.

To determine the ruminal LPS concentration and inflammatory response to grain
induced SARA mid-lactation dairy cows.

To determine the level of concentrate feeding that elicits an acute phase response
during gradual adaptation to concentrate diets in cattle.

To determine changes in total coliform counts in cattle during stepwise adaptation to a
high concentrate diets and when SARA is induced in cattle adapted to concentrate

diets.
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ABSTRACT

Subacute ruminal acidosis (SARA) was induced in 3 rumen fistulated Jersey steers
by offering them different combinations of wheat-barley pellets and chopped grass hay.
Steers were offered 4, 5, and 6 kg/d of pelleted concentrate and 6, 5, and 4 kg/d of chopped
grass hay for diets 1, 2, and 3, respectively, during 5-d treatment periods and were fed
chopped grass hay between treatment periods. Inducing SARA increased blood
concentrations of haptoglobin and serum amyloid-A. Dry matter intake of concentrate and
hay decreased from d 1 to 5 in each period. Subacute ruminal acidosis was induced in all
steers during d 4 and 5 when concentrate was fed, with ruminal pH remaining below 5.6 for
an average of 187 and 174 min/d on these days. Lipopolysaccharide concentration
increased significantly during periods of grain feeding compared with times when only hay
was fed. Inducing SARA by feeding Wheat-barley pellets activated a systemic

inflammatory response in the steers.

Key Words: steers » subacute ruminal acidosis ¢ ruminal pH ¢ acute phase response
Abbreviations: Hp = haptoglobin * LAL = Limulus amebocyte lysate * SAA = serum

amyloid-A * SARA = subacute ruminal acidosis.
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INTRODUCTION

Subacute ruminal acidosis (SARA) is a metabolic disorder characterized by episodes
of low rumen pH between 5.2 and 5.6 (Cooper and Klopfenstein, 1996). Clinical signs of
SARA are variable and, thus, it is often difficult to identify animals suffering from the
disorder. Affected animals may become anorexic, develop intermittent diarrhea, become
dehydrated, have unexplained abscesses, and develop laminitis (Nocek, 1997; Kleen et al.,
2003). Some of these signs are not specific to SARA and this may lead to SARA being
dismissed as other problems such as poor forage quality or poor bunk management (Nocek,
1997). Laminitis cannot be used to diagnose SARA because of the long time lapse between
SARA and appearance of signs of laminitis.

Lipopolysaccharide from rumen gram-negative bacteria has been implicated in
diseases that are related to feeding high concentrate diets such as sudden death syndrome,
rumenitis, rumiﬁal acidosis, and laminitis (Dougherty et al., 1975; Nagaraja et al., 1978a).
There is a paucity of literature on changes in rumen fluid LPS concentration due to feeding
high concentrate diets. Nagaraja et al. (1978a) demonstrated that feeding high concentrate
diets increased ruminal LPS concentration compared to feeding only hay. However more a
recent study in which acute acidosis was induced»_by grain engorgement did not find such a
relationship (Andersen et al., 1994a). It has been suggested that the acidic rumen
environment, changes in osrhotic pressure, and ruminal LPS may render the rumen
epithelium susceptible to injury (Brent, 1976; Enemark et al., 2002; Kleen et al., 2003).

These changes may result in translocation of rumen LPS into the prehepatic bloodstream.
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The presence of LPS in the bloodstream results in the production of multiple
proinflammatory cytokines, reactive oxygen and nitrogen intermediates, and bioactive
lipids, which affect the host’s metabolic response to inflammation (Baumann and Gauldie,
1994). When released in large quantities, these mediators lead to an acute phase response
(Kushner and Rzewnicki, 1994). Profiles of concentrations of some acute phase proteins
are used as markers for inflammatory response (Baumann and Gauldie, 1994). Haptoglobin
(Hp) and serum amyloid-A (SAA) are 2 such proteins that are used as inflammatory
markers in cattle (Alsemgeest et al., 1994). Their concentrations are elévated because of
tissue damage (Conner et al., 1988) or due to intradermal and intravascular LPS injections
(Boosman et al., 1989), bacterial infections (Deignan et al., 2000), or viral infections
(Heegaard et al., 2000).

Although acute phase proteins have been used as inﬂammatory markers in various
situations where inflammation is the logical develdpment, no studiés have investigated
inflammatory responses in cattle with SARA. We hypothesize that SARA leads to
increased gram-negative bacterial lysis, which increases ruminal LPS concentration.
Rumen wall damage associated with SARA further increases ruminal LPS translocation
into the bloodstream, resulting in an inflammatory response. Therefore, the objective of this
study was to determine changes in rumen fluid LPS, serum Hp, and plasma SAA

concentrations in steers due to SARA induced by feeding wheat-barley pellets.
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MATERIALS AND METHODS

Three ruminally fistulated adult Jersey steers were kept in metabolism crates at the
Animal Science Research Unit at the University of Manitoba throughout the experiment, in
accordance with the guidelines of the Canadian Council of Animal Care. The experimental
design was a 3 x 3 Latin square with 21-d periods that were divided into a 5-d treatment
period and 16-d rest period. During the treatment period, SARA was induced in the steers
by offering diets 1, 2, and 3. Diets were combinations of wheat-barley pellets and chopped
grass hay, respectively, in the following ratios (as-fed basis): diet 1 (4 kg: 6 kg); diet 2 (5
kg: 5 kg); and diet 3 (6 kg: 4 kg). The concentrate consisted of 50% wheat and 50% barley.
Concentrate and hay were offered in separate‘ meals. All ammals were offered 1 kg of
chopped grass hay at 0900 h followed by two-thirds of their allocation qf concentraté at
1100 h. The remainder of the concentrate was offered at 1300 h. At 1700 h, concentrate not
eaten was removed and the steers were offered chopped grass hay, to whiéh they had
access throughout the night. The steers were fed hay ad libitum during the 16-d rest period
between treatments. The last 2 d of the rest period, when only hay was fed, were designated
d-2 aﬁd d —1. Days when concentrate was fed were designated d 1 to 5. Dry matter (%),
CP, and NDF (%DM) content were 84.8, 18.9, and 27.3% for chopped grass hay, and 93.0,
14.9, and 45.7% for wheat-barley pellets.

Rumen pH was measured continuously throughout the treatment period by placing
one indwelling pH probe into the ventral sac of the rumen of each steer as descﬁbed by
Cumby et al. (2001). Measurements were taken every ’Seéond and averaged over 60 s.

Rumen fluid pH data were summarized as average pH, time below pH 6.0, and time below
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pH 5.6, area (time x pH) below pH 6.0, and area (time x pH) below pH 5.6 for each 24-h
period. Rumen fluid samples were collected into sterile plastic tubes from the ventral sac of
the rumen at 0900 and 1400 h every day during the treatment period. Samples were mixed
thoroughly before 25 mL was transferred into sterilized centrifuge tubes and centrifuged for
30 min at 10,000 x g. The supernatant was passed through a disposable 0.22-um sterile,
pyrogen-free filter (Millex, Millipore Corporation, Bedford, MA). Samples were further
heated at 100°C for 30 min before being stored at ~20°C for the determination of rumen
LPS concentration using the Limulus amebocyte lysate (LAL) assay (Levin and Bang,
1964). The assay was performed using a 96-well microplate (BioWhittaker Inc.,
Walkersville, MD) with absorbance read at 405 nm using a microplate reader (BioRad
model 3550, Hercules, CA). Samples were diluted 1000-fold using pyrogen-free water to
determine the non-inhibitory dilution, with the final dilution being made of 50% diluted
sample and 50% B-glucan blocker (BioWhittaker kit number N190; component number:
B50-700). B-Glucan blocker blocks the reactivity of LAL to B-l,3—glﬁcans, conferring
increas‘ed endotoxin specificity to the LAL test. Non-inhibitory dilution is achieved when
75 + 25% of spike is recovered in positive control samples. An average recovery rate of
78.0 £ 8.6% (n = 8) was achieved in positive controls with a sample dilution of 1:60,000.
Two blood samples (7 mL) were collected by tail venipuncture from each steer on d
-2,-1,1,2, 3, 4, and 5 into plain and sodium heparin coated plasma tubes at 0900 h.
Serum and plasma were harvested by centrifuging samples at 3000 rpm for 30 min.
Haptoglobin and SAA were deteﬁnined in serum and Aplasma, respectively, QSing ELISA
Tridelta Phase range kits (Tridelta Diagnqstics Inc., Cedar Knolls, NJ; catalog numbers TP-

801 and TP-802, respectively) (Makimura and Suzuki, 1982; McDonald et al., 1991). For
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Hp, serum samples were diluted 1:5 with PBS and vortexed. Seventy-five microliters of
diluted serum was added to duplicate wells of a 96-well microtiter plate. Stabilized
hemoglobin diluted 1:1 with hemoglobin diluent, was added (100 pL) to the diluted
sample. Chromogen and substrate, mixed in a ratio of 9:5 (140 pL), were added to the
reaction mixture and incubated at room temperature (25°C) for 5 min. Absorbance was
read immediately at 630 nm using a microplate spectrophotometer (Spectra Max 340 PC,
Molecular Devices Corporation, Sunnyvale, CA). For SAA, plasma samples were diluted
1:500 in diluent buffer and vortexed. Fifty micro-liters were added to. each well of a 96-
well plate coated with 50 pL of biotinylated antiserum amyloid-A monoclonal antibody
(diluted 1:100 in 1x diluent buffer). The microtiter plate was covered and incubated ;}t 37°C
for at least 1 h and then washed 4 times with diluted Wash buffer to remove unbound
material. Streptavidin-horseradish peroxidase conjugate was diluted 1:4000 in diluent
buffer and added (100 pL) to each well. The plate was incubated at room temperature
(25°C) in darkness for 30 min. The microtiter plate was washed (as described above) and
tapped dry. Substrate (100 puL) was added to the plate, which was then}incubated at room
temperature (25°C) in darkness for an additional 30 min. Stop solution was added, and the

plate was read in a microplate reader (BioRad model 3550) at 450 nm.

Statistical Analyses

Data were analyzed using mixed model analysis with the first-order autoregressive
covariance structure in Proc Mixed in SAS (SAS Institute, 1996). The following model was
usedk:

Yiju = p+ o+ B + Dy + (0xB)y; + T+ (DxT)u + ejju
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where Yijkl = observations for dependent variables; p = overall mean; ai = average effect
of period i; j = average effect of the animal j; Dk = average effect of dietary treatment;

(o x B)ij = animal x period interaction, which was the main plot error; Tl = average effect of
time in days for feed intake, or hours since the beginning of feeding concentrate for blood
metabolites or endotoxin concentration; (D x T)kl = interaction between time and dietary
treatment; and eijkl = subplot error. Lipopolysaccharide concentrations were log
transformed because of nonhomogeneous residual error. Orthogonal contrasts were used to
compare Hp, SAA, and log-transformed LPS concentrations during the period when only
hay was fed with those when concentrate was fed to induce SARA. Mean differences for
rumen pH data and DM intake were separated using Tukey’s multiple comparison

procedure.
RESULTS AND DISCUSSION

Average rumen fluid pH, time, and area with pH below 6.0 or 5.6 did not differ
among the diefs (Table 2). Howevef, feeding concentrate decreased average daily pH from
d 1 to a nadir on d 4. Both time below pH 6.0 and time below pH 5.6 increased from d 1 to
a peak on d 4. Area below pH 6.0 increased from d 1 to a peak on d 4 but area below pH
5.6 showed only numerical increases (P = 0.096; Tabie 2). Because the steers spent 187 and
174 min/d with pH below 5.6 on d 4 and 5, respectively, we concluded that SARA was
successfully induced on these days. The severity of SARA was less than that experienced
by cows used in studies by Krajcarski-Hunt et al. (2002), who reported time and area below

pH 5.6 of 594.4 + 188.9 min/d and 228.0 + 88.8 min x pH/d, respectively. The rumen fluid
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pH that defines SARA is still a controversial issue, with various threshold values having
been arbitrarily set to define SARA. For example, threshold values of 5.5 (Hibbard et al.,
1995), 5.6 (Cooper and Klopfenstein, 1996), 5.8 (Beauchemin et al., 2001), and 6.0
(Kriehbiel et al., 1995a) have been used to define the upper bound of pH that defines
SARA. The duration for which the pH must remain below this threshold has not been
precisely defined with respect to the definition of SARA.

Offering different amounts of concentrate and hay was intended to induce SARA to
different extents. Thus, diets were designed to differ significantly in their DM intake.
Intake of both concentrate and hay was variable in all diets. However, offering 6 kg of
concentrate resulted in more variable intake response among days compared with the other
2 diets. Dry matter intake of hay was more variable than that of concentrate and may be the
reason for the diet x day interaction (Table 3). Animals went through cycles in which a
high intake on one day was followed by low intake the following day. Averaged across
diets, the decrease in DM intake was greatest between d 3 and 4‘ er concentrate and
between d 2 and 3 for hay. The steers appeared to reduce hay intake in favor of concentrate
on d 2 and 3. Variations in intake could explain the large variation in rumen pH among
days that was also observed (Table 2).

Different levels of wheat-barley pellets in the diets did not affect LPS coﬁcentration.
Howéver, wheat-barley pellets increased (compared with hay-only days) LPS concentration
from d 1 to a peak on d 4 (P < 0.05; Figure 1). The peak coincided with the day when the

| time with pH below 5.6 was greétest. Ruminal LPS increased from 3715 endotoxin units
per mL for the 0900-h sampl¢ on d 1 (before concentrate was fed) to a peak of 12,589

endotoxin units/mL on d 4. This may have been due to an increase in free LPS under acidic
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conditions. High concentrations of LPS with low rumen fluid pH may be due to increased
lysis of dead bacterial cells or shedding of free LPS from rapidly growing gram-negative
bacteria (Nagaraja et al., 1978a).

Haptoglobin concentration in blood serum was not affected by dietary treatments.

However, inducing SARA increased concentrations of Hp from 0.43  0.14 (when only hay
was fed) to 0.79 + 0.14 mg/mL on d 5 of the treatment period (P < 0.05; Figure D).
Inducing SARA resulted in higher Hp concentrations ond 3 and 5 (P <0.05).
Other researchers have reported that Hp concentrations are undetectable in healthy cattle,
with concentrations only becoming detectable when there is an inflammatory response
(Deignan et al., 2000). In the present study, low concentrations were detected during the 3
d prior to feeding wheat-barley pellets. The response in Hp concentration to SARA was
low compared With concentrations seen in experimentally induced bacterial and virus
infections, in which Hp concentrations increased 100-fold (Deignan et al.; 2000; Heegaard
et al., 2000). o

Serum amyloid-A concentration was not significantly different among the different
diets but concentrations in blood plasma increésed from 33.6 + 36.53 (when only hay was
fed) to 170.7 £ 36.53 pg/mL on d 5 (P <0.001), when concentrate was offered in addition
to hay (Figure 1). Serum amyloid-A is the other rnajor acute phase protein, and is a more -
sensitive marker of inflammatory challenge than is Hp (Horadagoda et al., 1999). The acute
phase protein profiles obtained in the present study indicate that as time with pH below 5.6
increased, the intensity of the acute phase response increased (Figure 1). This could be due
to formation of extensive microlesions on the ruminal epith_elium leading to increased LPS

translocation across the ruminal epithelium into the systemic circulation, which would
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amplify the acute phase response associated with SARA. To our knowledge, this is the first
study that has examined an acute phase response due to SARA.

In conclusion, offering steers wheat-barley pellefs and chopped grass hay
successfully induced SARA, particularly on d 4 and 5 of our study, although DM intake
declined from d 1 to 5. Inducing SARA increased the concentration of LPS in rumen fluid,
plasma SAA, and serum Hp concentrations. Although SAA concentrations increased
within 24 h of feeding concentrate, Hp concentration did not change until the third day of
feeding‘ concentrate. Inducing SARA increased rumen LPS concentration and initiated an
acute phase response. Causal factors for inflammatory response may be an increase in LPS
and bacterial translocation into the pre-hepatic circulation. Further work needs to be done
under controlled feed intake conditions to remove possible confounding of LPS

concentration with variable feed intake.

-~




TABLE 2. Rumen pH variables of steers offered different levels of wheat-barley pellets and chopped grass hay to induce
subacute ruminal acidosis.

Diet’ Day Effect, P value

Diet 1 Diet2 Diet3 SEM 1 2 4 5 SEM Diet Day DietxDay

LI

Average pH 639 629 626 005 649" 620° 627° 6.19° 624 0.10 019 0.006 0.057
Time <pH 5.6 (min/d) ~ 42° U7t 1348 331 50 80 7g®  187° 174° 423 0045 0013 0.1
Time <pH 6.0, (min/d) 308 369 404 773 o 471° 425° 589° 480" 88.0 0.64 <0.001 0.14

Area<pH 5.6, 3 25 35 13.6 1 7 10 54 49 18.1 0.17 0.096 0.19
(min x pH/d)

- Area <pH 6.0, 71 124 125 289 2 104® 111 189* 170° 37.5 020 0.005 0.13
(min x pH/d) ’ '

ab[ Smeans for diets with different letter superscripts within a row were different (P < 0.05).
¢4 gmeans for days with different letter superscripts within a row were different (P < 0.05).

IDiet 1 = 4 kg of wheat-barley pellets and 6 kg of chopped grass hay offered daily; Diet 2 = 5 kg of wheat-barley pellets
and 5 kg of chopped grass hay offered daily; Diet 3 = 6 kg of wheat-barley pellets and 4 kg of chopped grass hay offered
daily. ‘ ~



TABLE 3. Feed intake of steers offered different levels of wheat-barley pellets and chopped grass hay to induce subacute
ruminal acidosis.’

Day Effect, P value
1 2 3 4 s SEM Diet  Day  DietxDay
Concentrafe (kg 6f DM/d)
Diet 1 372 268 314 262 284 075
Diet 2 465 465 405 326 345 075 0.005 0.01 0.28
Diet 3 st 447 5610 426" 191" 088
Average across diets 4660 393 427 338° 2.73® 056
Chopped grass hay (kg of DM/d)
Dict 1 , | | S06° 4690 259 371® 3500 048
Diet 2 | Ao4®  440° 408 278° 208" 048 0085  <0.0001 0.036
Diet 3 | 3720 425 3357 1.98® 083" 059
Average across 434" 4450 334> 2.82°  214° 028

ab.opfeans with different superscripts within each row differed (P < 0.05).

'Diet 1 =4 kg of wheat-barley pellets and 6 kg of chopped grass hay offered daily; Diet 2 =5 kg of wheat-barley pellets
and 5 kg of chopped grass hay offered daily; Diet 3 =6 kg of wheat-barley pellets and 4 kg of chopped grass hay offered
daily.



58

A.
4.6
W a
-
E 4.2+
=
2
L 3.8+
ek
p=4
> 3.4+
o}
3 —t +—
-2 -1 1 2 3 4 5
B.
0.8+
-t
£
E=)
g
& 0.4
pa =4
0 % $ 3 t ¥ 4
-2 -1 1 2 3 4 5
C.
250
a
2004 a a
o}
E 1504 a
=2 ,
é 100+ b b bb‘
w T Py
50 4
) 3 t : t —t ;
-2 -1 1 2 3 4 5

FIGURE 1. Concentrations of ruminal lipopolysaccharide (LPS; panel A), haptoglobin
(Hp; panel B), and serum amyloid-A (SAA; panel C) in steers fed chopped grass hay only
(d -2 and d —1) and during concentrate feeding (d 1 to 5). Orthogonal contrasts were used
to determine which concentrations differed from baseline values. Lipopolysaccharide
concentrations measured in rumen fluid samples collected before feeding concentrate on d
1 were taken as baseline. Bars indicate SE, and significance was declared at the 5% level of
significance.
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ABSTRACT

Three rumen fistulated Jersey steers were gradually adapted to a wheat-barley
concentrate over a 4 wk period. Adaptation steps consisted of four 1 wk periods during
which steers were fed diets with forage. to concentrate (F:C) ratios of 100:0, 80:20, 60:40
and 40:60. The forage consisted of chopped grass hay and the concentrate consisted of
ground and pelleted concentrate containing 50% wheat and 50% barley. Animals were fed
the 100% forage diet ad libitum during week 1 and the average intakes were determined
and used to predict intake for weeks 2 to 5. On two days that were set 3 d apart during
week 5, SARA was induced in the steers by feeding them 1 kg of chopped grass hay at
0900 h followed by two meals of 3.2 kg each of wheat-barley concentrate at 1100 h and
1300 h and 1 kg of chopped grass hay at 1700 h. During stepwise adaptation, timé w1th pH
below 5.6 increased to an average of 121 min/d when the stéers were on the 40:60 F:C ratio
diet. Feeding the 20:80 F:C ratio diet induced SARA because the steers spent an average of
219 min/d with pH below 5.6. Ruminal lipopolysaccharidé concentration increased from
6310 Ew/mL with the 100% forage diet to 18197 Ew/mL with the 40:60 F:C ratio diet. The
ruminal LPS concentration increased to 26915 Ew/mL when SARA was induced. Total
coliform counts increased during stepwise adaptation to a peak when 40% of the diet was
wheat-barley concentrate. Subsequent additional concentrate in the diet resulted in a
decrease in coliform numbers. Inducing SARA in concentrate adapted animals had nb
»effect’on coliform numbers. Serum haptoglobin increased from 0.53 mg/mL When steers

were on the 100% forage diet to 1.90 mg/mL with the 40:60 F:C ratio diet and were not
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further increased by inducing SARA. Serum amyloid-A was not significantly affected
during concentrate adaptation but increased to 163 pg/mL when SARA was induced.
Ruminal lipopolysaccharide concentrations were increased during stepwise adaptation and

when SARA was induced in the steers.

(Key Words: steers, subacute ruminal acidosis, rumen pH, lipopolysaccharide, serum
amyloid-A, haptoglobin, gram-negative bacteria)

Abbreviation key: Eu = endotoxin units, F:C = forage to concentrate ratio, Hp =
haptoglobin, LAL = Limulus amebocyte lysate, LPS = lipopolysaccharide SAA = serum
amyloid-A, SARA = subacute ruminal acidosis, CGH = chopped grass hay, WBP = wheat

barley pellets.
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INTRODUCTION

The following indicators of subacute ruminal acidosis (SARA) appear in the
literature; daily episodes of low rumen pH between 5.2 and 5.6 for at least three hours
(Cooper et al., 1999; Gozho et al., 2005a); erratic feed intake, diarrhea, abscesses, loss of
body condition, and laminitis (Nordlund et al., 1995; Nocek, 1997). Apart from rumen pH,
these signs are not specific for SARA and individually are of limited diagnostic value.
However, if the cliﬁical signs, production records, diet characteristics, and rumen pH, are
considered together on a herd basis, SARA can be diagnosed (Nordlund et al., 2004).

One of the greatest impediments to the diagnosis of SARA is the measurement of
rumen pH because of the difficulty in obtaining accurate data under field conditions.
Therefore only limited information on its prevalence is available. A survey on 15 dairy
farms in Wisconsin showed the presence of SARA in 19% of early lactation éows and 26%
of mid-lactation cows (Garrett et al., 1997). Another survey on 14 dairy farms in Wisconsin
detected SARA in 20.1% of early and peak lactation cows (Oetzel et al., 1999). Dairy cattle
at high risk of developing SARA include transition dairy cows, cattle on high dry matter
intakes, and cows that are subjected to a high degree of variability in ration composition
and meal patterns (Stone, 2004). Suddenly switching cattle from high forage to high starch
diets result in decreases in rumen pH that is characteristic of SARA because VFA
accumulate in the rumen (Goad et al., 1998).

The increase in nonstructural carbohydrates in the diet of 'éattlé during gradual grain
adaptation results in microbiological changes in the rumen. Key :axlnong the changes is the

increase in lactic acid utilizing bacteria like Megashera elsdnenii (Counotte et al., 1981).
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These are relatively slow growing bacteria, found in low numbers in ruminants fed high
forage diets, and only increase in numbers when lactic acid is a major end product of rumen
fermentation. If the rate of concentrate inclusion in the diet results in lactic acid synthesis at
a rate higher than the rate at which it can be utilized by adaptive increases in lactic acid
utilizing bacteria, then lactic acid accumulates in the rumen and rumen pH is depressed
more drastically than would be expected based on levels of volatile fatty acids (Owens et
al., 1998). Fluctuation in the numbers of lactic acid producing and utilizing bacteria occur
even in grain adapted catile during the course of the day due to variation in nutrients and
the range in substrate preferences of different microbial species (Dijkstra et al., 2002).
Inducing SARA by abruptly introducing concentrate in the diet of forage fed steers
results in a marked increase in the concentration of ruminal lipopolysaccharide (LPS)
(Gozho et al., 2005a). The increase in LPS in the rumen may be due to autolysis during
rapid growth or death and lysis of gram-negative bacteria in the rumen (Nagaraja et al.,
1978a; Well and Russell, 1996). Data on bacteriological changes (Mackie et al., 1978;
Mackie and Gilchrist, 1979) and changes in ruminal LPS (Andersen et al., 1994a), have all
been obtained in experiments in which acute ruminal acidosis was induced. Therefore
inducing SARA may result in a response that differs from that observed with acute acidosis
because the decrease in rumen pH is not as severe as that experienced with acute acidosis.
Feeding diets with graded levels of concentrate during adaptation to concentrate
results in changes in numbers of both gram-negative' and gram-positive bacteria. It is
hypothesized that the ruminal LPS conCentrations”wouldvbe affected by the -levei of dietary
concentrate inclusion and hence the inflammatory résponse is differeht during grain

adaptation to concenirate and SARA induction in concentrate adapted cattle. Therefore the
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objective of this study was to determine the effect of how gradual stepwise adaptation to
concentrate and inducing SARA in animals adapted to a 60% concentrate diet affect
ruminal LPS concentration and acute phase proteins. The level of concentrate feeding that
elicits an acute phase response was also of interest. Rumen coliform bacteria were also

monitored to determine trends that suggested changes in gram-negative bacteria.

MATERIALS AND METHODS

Animals and Diets

Three adult ruminally fistulated Jersey steers were adapted to a wheat-barley pellet
(WBP) diet over a 4 wk period in a time series experimental design. The steers were
maintained in metabolism crates in the Animal Science Research Unit building at the
University of Manitoba, in accordance with the guidelines of the Canadian Council of
Animal Care. The room that houses the crates is fitted with the Proportional Environment
Control system (Model PEC, Phason, Winnipeg, MB, Canada). Ambient temperature in the
room was set at 15°C for the duration of the experiment. The steers were kept indoors from
Monday to Friday and were let out into a courtyard for 4 h to exercise on Saturdays and
Sundays.

Steers wererinitially fed an all forage diet comprising chopped grass hay (CGH) ad
libitum for 7 d. In subsequent weeks, the steers were adapted to. concentrate diets. Each step
was fed for a 7 d period and CGH was replaced with 0, 20, 40, and 60% (DM ba51s) of

WBP during weeks 1 to 4, respectively. The amount of DM supphed to the steers was kept
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constant at a level equal to the daily average DM intake achieved with the 100% forage diet
in week 1. This was done to prevent erratic feed intake that can occur when high
concentrate diets are introduced. During weeks 2 to 4, WBP were thoroughly mixed with
CGH, and offered to the steers at 0900 h every day. On Monday and Friday of week 5,
SARA was induced in the steers by feeding them 1 kg CGH at 0900 h followed by two
meals of 3.2 kg each of WBP at 1100 h and 1300 h and 1 kg of CGH at 1700 h. During the
other days of this week, steers were given the 40:60 F:C ratio diet. The chemical
composition for WBP and CGH is given in Table 4.

Each 7 d period in the first 4 weeks during which a different concentrate diet was
fed as well as the days that SARA was induced in week 5 were considered as separate
treatments. Thus treatments were arranged in a tim¢ series design and diets with F:C ratios
of 100:0, 80:20, 60:40 and 40:60 were designated treatments 1, 2, 3 and 4, respectively.
The two days during which SARA was induced in week 5 was designated treatment 5 and
the oth:r days of this week during which the 40:60 F:C ratio diet was fed were assigned to
treatment 4 for dry matter intake determination only. Weigh backs were determined and
sampled for dry matter determination. Dry matter contents were 92.5% for chopped ;\grass

hay and 89.2% for wheat-barley pellets.

Rumern pﬁ Measurement

| ~ Rumen pH was measured continuously for two 24 h periods during each week by
inserting one indwelling pH probe into the rﬁmen of each steer. For weeks 1 to 4, probes
were inserted on Thursday at 0900 h and were taken out on Saturday at 0900 h. During

week 5, probes were inserted on Monday at 0900 h and taken out on Tuesday 0900 h and




66

reinserted at 0900 h on Thursday and removed on Friday at 0900 h. The indwelling pH
probes were placed into the ventral sac of the rumen of each steer and kept in position by
means of a 0.5 kg weight. Rumen pH was measured every second and averaged over 60 s
and the minutely averages were captured by a data logger and stored.

Rumen fluid pH data were summarized as average pH, time below pH 6.0 and time below
pH 5.6, area (time x pH) below pH 6.0, and area (time x pH) below pH 5.6 for each 24 h
period.

Rumen fluid samples were collected into sterile plastic tubes from the ventral sac of
the rumen at 0900 h, 1200 h, 1500 h, 2100 h and 0300 h during weeks 1 to 4 starting on
Thursday morning and ending on Saturday morning. In week 5 rumen fluid samples were
collected for two 24 h periods so that sampling began on Monday morning and ended on
Tuésday morning for the first 24 h period whilst the second 24 h sampling beriod started on
Thursday mofning and ended on Friday morning. The rumen fluid samples were »processed
for subsequent LPS determination as described previously (Gozho et al., 2005a). Another
rumen fluid sample was collected from each animal into sterile plastic vial with airtight lids
at 0900 h, 1200 h, 1500 h and 2100 h. This sample Was used immediately to defermine total
coliform counts. A portion of this second sample was centrifuged at 1500 x g for 10

minutes and the supernatant was stored at -20°C for VFA analysis at a later stage.
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TABLE 4. Chemical composition for wheat-barley pellets and chopped grass hay

(DM basis).

Item Chopped grass hay WBP
DM, % 92.5 89.2
CP, % of DM 10.9 15.5
NDF, % of DM 64.0 17.6 )
ADF, % of DM 35.9 5.9
NSC, % of DM 152 62.2
Ca, % of DM 0.38 0.27
P, % of DM 0.27 0.35
K, % of DM 1.93 0.56
Mg, % of DM 0.20 0.16

Na, % of DM 0.01 0.03
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Ruminal LPS and VFA Analyses

The Limulus amebocyte lysate (LAL) assay was used to determine LPS
concentration (Levin and Bang, 1964). The assay was performed using a 96-well
microplate kit (Cambrex Bio Science Walkersville Inc, MD) with absorbance read at 405
nm using a microplate reader (BioRad model 3550, Hercules, CA). Detailed procedures for
sample preparation and method validation have been described previously (Gozho et al,
2005a).

Volatile fatty acids were determined in previously frozen rumen fluid samples.
Samples were thawed at room temperature and 1 mL of a 25% meta-phosphoric acid
solution was added to 5 mL iof rumen fluid. The tubes containing the mixture wére
vortexed and placed in a -20°C freezer for 17 h after which samples were thawed and
centrifuged for 10 min at 1500 x g Approximatelj 2mL of supernatant were decanted into
a clean dry vial which was capped and placed into the auto-sampler device (model 8100;
Varian, Walnut Creek, CA). Concentrations of VFA Wéré determined by gas
chromatography (model 3400 Star; Varian) using a 1.83-m glass column (model 2-1721;
Supelco, Oakville, Ontario, Canada) (Erwin et al., 1961). The injector and detector
temperatures were set at 170 and 195, with initial and final column temperatures set at
120°C and 165°C, respectively. The run time was 4 min followed by a 2 min thermal

stabilization period.
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Acute Phase Proteins

Blood samples were collected twice via extended use polyurethane catheters (Mila
Cath®, Mila International, Florence, KY 41042 USA) fitted into the jugular vein of each
steer. Samples were collected at 0900 h and 2100 h on the days that rumen pH was
measured (Thursday and Friday for weeks 1 to 4 and Monday and Thursday for week 5).
At each blood sampling, and at least once daily, the catheter sites were examined for
inflammatory reactions, and catheters were flushed with approximately 15 mL of 0.9%
sterile saline. After each sample collection, 5 mL of 0.9% sterile saline containing 50 IU of
heparin (Sigma-Aldrich, St Louis, MO USA) was infused into the vein to prevent clot
formation. Before blood collection, the heparinized saline solution was withdrawn along
with approximately 10 — ‘15 mL of blood and discarded; Two blood samples (10 mL) were
collected into serum and sodium heparin coated plasma tubes. Serum and plasma were
harvested by centrifuging samples at 1500 x g for 30 minutes. Haptoglobin and serum
amyloid-A were determined in serum and plasma, respectively, using VELISA Tridélta
Phase™ range assay kits (Tridelta Diagnostics Inc, NJ, USA; catalogue numbers TP-801

and TP-802, respectively) as described by Gozho et al. (2005a).

Total Coliform Counts

Preparation of chromcr)'genic medium (Escherichfa coli / coliform medium catalogue
number CM0956, Oxoid Inc. Nepean ON, Canada) was modified to include a step in which
20% of the distilled water Weié replaced wifh clarified ruﬁaen fluid. The clarification process
for the rumen fluid included centrifuging the rumen fluid at 1500 X g for 10 minutés,

followed by autoclaving the supernatant at 121°C for 15 minutes. The supernatant was
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stored frozen at -20°C until required for preparing medium. The rumen fluid was collected
from a fistulated cow fed on a diet comprising 100% CGH. The hay fed to the cow was
from the same batch that was used in this experiment.

Buffered peptone water (pH 7.2) (Difco™) was prepared according to
manufacturer’s instructions. Carbon dioxide gas was bubbled through buffered peptone
water and the chromogenic E. coli /coliform medium immediately after preparation and
autoclaving in order to reduce the oxygen tension (Bryant, 1972). The coliform medium
was used for culturing rumen coliform bacteria whilst buffered peptone water was used for
the serial dilutions of rumen fluid samples prior to inoculation into Petri dishes. The
chromogenic medium is normally used to differentiate between E.coli and other coliforms
in cultures produced from food and environmental samples (Frampton et al., 1988).

Rumen fluid (100 pL) was inoculated into 900 pL of 2% buffered peptone Wéter in
a 2 ml sterile deep well plate and thoroughly mixed. Subsequently dilutions were made
ﬁom this initial dilution whilst maintaining a dilution ratio of 1:10 until the appropriate
dilution was reached. Sterile pipette tips were used for each dﬂution.' Ten drops of 50 pL
each were pipetted (Repeater™ 4780, Eppendorf) onto modified chromdgenic E coli
/coliform medium that had been prepared previous and allowed to set. After the drops on
the agar dried, the plates were inverted and incubated at 37°C for 18 h. Colonies were
manually counted and broadly classified according to color with purple being designated £
coli and pink to brown colonies as other coliforms. The countable dilution was determined

as the dilution that gave 3 to 30 colonies per drop of sample dispensed.
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Statistical Analysis

Data were analyzed using SAS Mixed Procedure (SAS Institute Inc., 1996) as
recommended by Wang and Goonewardene (2004) for the analysis of animal experiments
with repeated measures. The effects of treatment, time (day for rumen pH and total VFA;
or hour for SAA, Hp or LPS data), and their interactions were considered fixed. Animal
and interactions of other factors with animal were considered random. Data for ruminal
LPS and total coliform counts were log transformed because of non-homogenous residual
error. The most appropriate covariance structure relative to the hourly or daily
measurements that were tested included; simple, first order ante dependence, unstructured
covariance, compound symmetry and first order auto regressive (Wang and Goonewardene
2004). Final mixed models were accepted only if the converge criteria was met, the
estimated G matrix was positive definite and the degrees of freedom were the same as those

obtained by running the same model using the general linear models procedure (SAS

Institute Inc., 1996). The covariance structure that resulted in the lowest value for the fit

statistic was chosen (Wang and Goonewardene 2004). Orthogonal contrasts were used to
compare the 100:0 F:C diet with the 40:60 F:C ratio diet; and the 40:60 FC with the 20:80
F-C ratio diet for all variables. However, where a diurnal variation bf a variable was of
interest and in the absence of a significant interaction, Tukey’s multiple range test was used

to separate means.
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RESULTS

Dry Matter Intake

Average dry matter intakes were 5.9, 5.9,5.9, 5.4 and 6.9 kg DM/d when steers were on the
diets with F:C ratios of 100:0, 80:20, 60:40, 40:60 and 20:80, respectively (Table 5). Dry
matter intake during week 5 was separated into the 5 days when the steers were fed the
40:60 F:C ratio diet and the two‘days when SARA was induced. Intake on the 40:60 F:C
ratio diet in week 5 was added to that for week 4 in order to determine average daily intake
when steers were on the same diet. The amount of feed allocated to each steer when SARA
was induced in week 5 was higher than that for other treatments in the experiment. The
intended and actual dietary F:C ratioé were similar. Steers consumed all the feed offered
during weeks 2 to 4. During week 5 intakes- were slightly depressed following SARA
induction and as much as 8.5 % of feed offered was recorded as Qrté. This is reflected as a

lower intake for the 40:60 F:C ratio diet (Table 5).

Rumen pH, VFA and Ruminal LPS

Orthogonal contrasts revealed that the average rumen pH tended to be lo§vér (P = 0.06)
when steers were on the 40:60 F:C ratio diet compared to the 100% forage diet. Inducing
SARA with the 20:80 F:C ratio diet decreased (P = 0.04) average rumen pH compared to
the 40:60 F:C ratio diet (Table 6). Similarly, the time with pH below 6vtended to be higher
(P =0.07) with the 40:60 F:C raﬁo diet than the 100% forage diet but inducing SARA after
concentrate adaptation did not increaée P> 0.1)> time with pH below 5.6 compared to the |

40:60 F:C ratio diet. The area under the pH x time curve for both the 5.6 and 6.0 pH
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thresholds were not affected (P > 0.1) by stepwise adaptation to concentrate or inducing
SARA. Compared to the 100% forage diet, the area under the pH x time curve tended to be
higher (P < 0.1) when SARA was induced (Table 6). Total volatile fatty acids were
measured to indicate changes in rumen pH and changes in fermentation patterns. The
concentration of VFA was influenced by both treatment and time after feeding (Figure 2).
VFA concentrations increased to peak around 1200 h during concentrate adaptation, but
peaked around 1500 h when steers were fed to induce SARA during week 5.

Ruminal LPS concentration increased (P < 0.0001) when the 40:60 F:C ratio diet was
fed compared to the 100% forage diet. Inducing SARA after concentrate adaptation
increased (P = 0.05) LPS concentration compared to when the 40:60 F:C ratio diet was fed
(Figure 3).There was also a (P < 0.0001) diurnal variation in LPS concentration and in the
absence of a treatment x hour interaction; data were pooled across treatments to present
diurnal variations. Ruminal LPS Concentration increased from 4.039 Log;o EU/mL at 0900

hto a peak of 4.135 Logjo EU/mL at 1500 h (Figure 4).




TABLE 5. Dry matter intake (means + standard deviation) of steers offered graded levels of wheat-barley concentrate

and chopped grass hay.

Week' 1 2 3 4 5

Intended F:C ratio - 100:0 80:20 60 : 40 40: 60 20: 80
n=21 n=21 n=21 n=236 n=6

Intake (As fed) (kg / d) '

Chopped grass hay 6.4+2.8 5.140.5 +0.3 25405 1.8+04

Wheat-barley pellets 0 1.3+0.1 +0.2 35+ 1.0 6.0+0.5

Intake (DM Basis) (kg / d)

Chopped grass hay 59+2.5 47+04 3.6+0.3 23+04 1.6+04

Wheat-barley pellets 0 1.2+0.1 23+03 3.1+0.9 53+04

Orts/d (% DM offered) 41 0 0 8.5 8.3

Total DM intake (kg / d) 5.9 5.9 5.9 54 6.9

Actual F: CRatio 100:0 80:20 60 : 40 42 : 58 23:77
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'Daily average feed intake for week 4 is the average week 4 intake and the 5 days in week 5 when steers were on the 40:60

- F:Cratio and only week 5 intake is the average of two days during which SARA was induced.



TABLE 6. Rumen pH variables of steers offered graded levels of wheat-barley concentrate and chopped grass hay. '

Week ‘ 1 2 3 4 5 P value
Intended F:C ratio . - 100:0 - 80:20 60:40 40:60 20:80 SEM  Trt Day Dietx Trt
AveragepH 6.72° 669" 6.64" 644 6.14° 0.17  0.003 041 0.88
Time < pH 5.6, min/ d 0P 0P 0P 121®  219* 61,6 0.069 0.71 0.99
Time < pH 6.0, min /d 20 0° 10 344®  600* 1193  0.007 0.78 0.30
Area<pH 5.6, minx pH/d 0 0 0 17 38 152 034 023 0.68
Area < pH 6.0, minx pH /d 1 0 1 101 216 734 020 038 0.65

>°Means with different superscripts within each row differed (P<0.05).
IOrthogonal contrasts were used for mean separation for significant treatment effects.
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Total Coliform Counts

The chromogenic medium used for culturing coliforms is based on the ability of E.
coli specific glucuronidase to cleave a chromogenic substrate and produce purple colonies
whilst a second chromogenic substrate is cleaved by galsctosidase, an enzyme produced by
the majority of coliforms to produce pink colonies (Oxoid manual). Lipopolysaccharide
from E. coli (0111:B4) is used as a reference standard endotoxin in determination of LPS
with the LAL assay. In the absence of any other group of bacteria that could be used to
relate changes in ruminal LPS concentration to gram-negative bacteria, coliforms numbers
were monitored during the course of the experiment. Total coliform concentrations for
samples collected at 0900 h from week 1 to 5 were used to determine the effects of
stepwise concentrate adaptation on coliform numbers. Samples that were collected during
the four time intervals during weeks 2 to 5 were used to determine diurnal variations in
coliform counts. Using only the samples collected at }9:00, total coliform concentrations
were 6.60, 6.71, 6.75, 6.48 and 6.62 log)o cfu/mL in nimen ﬂuid samples from the 0, 20,
40, 60 and SFO% diets, respectively (Figure 5). Coliform numbers varied with diet (P = 0.05)
in that numbers for the 60% concentrate diet were less than the 40% and 80% concentrate

diets.




77

T 6.8

Hd uswnr ueo

N = N ©
o) N} O No) e
[} ] 1
1 T 1

\«“\\\\\

“ __z____________________

__:______________________________________________

“u-nnn---."u-.nnnm-u«."n‘\ numm-”M-m-J.u-lnﬂ- ....- _.-_...a "
“"“E“__________________________=_====_________________

160 -

(17 M) VAA [e10],

21:00

15:00

12:00

9:00

Time of day

40:60 20:80 —O— rumen pH

C—100:0 E= 80:20 60:40

Dietary F:C ratios

(millimoles / mL) in rumen fluid of steers

FIGURE 2. Changes in total VFA concentration

fed diets with different F:C ratios over time

superimposed on the graph.

!, The average rumen pH (o) is also

'Diet x time interaction was significant (P<0.001). Bars indicate SE -




78

4.6 -

4.4 -

4.2 1

Logi LPS, Eu/mL
(V8]
o0

100:0 80:20 60 : 40 40 : 60 20: 80

Actual F:C ratio in dietary treatments

FIGURE 3. Concentration of ruminal LPS (log;o endotoxin units/ mL) in steers fed diets
with different forage to concentrate ratios.

#b.%00rthogonal contrasts were used to compare ruminal LPS in steers fed diets with
different F:C ratios and statistical significance was declared at the 5% level of significance.
Bars indicate SE.
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Inducing SARA after adaptation to concentrate did not affect coliform numbers. There was
no diurnal variation in coliform numbers in rumen fluid from the steers when the
concentrate dietary inclusion rates were 20, 40, 60 or 80% of DM.

Acute phase proteins

Serum haptoglobin concentrations were higher (P < 0.01) for the 40:60 F:C ratio diet
compared to the 100% forage diet. Inducing SARA after stepwise adaptation did not affect
haptoglobin concentration. Haptoglobin concentrations were higher (P = 0.0008) for both
the 40:60 and 20:80 F:C ratio diets compared to the 100% forage diet (Table 7).
Haptoglobin concentrations increased from 0.53 mg/mL with the 100% forage diet to 1.90
and 1.40 mg / mL for steers consuming the 40:60 and 20:80 F:C ratio diets, respectively.
Plasma concentrations of serum amyloid-A tended to be elevated (P = 0.09) in steers on the
40:60 F:C ratio diet compared to the 100% forage diet and were higher (i’ < 0.0001) in

steers fed the 20:80 F:C ratio diet compared to the 40:60 F:C ratio diet (Table 7).




81

6.9 1

5
Kl
1 e 22
~ 2 IR
KX atae
e a0
%% a8
a0 ]
O aa% 2250
6 6 ol Ity
S ' (PR ettt b
Q %% e
i e
) 4|
O ] 028%%
= Pl sl
0 32005
6.5 - ey ol
o . ‘3‘3 ) 3083223,
Batals By =0
3 M
Bh el AN e
LaSared el S
(@) e e W X
ey s 2alalos
. LN
) et %% e
3% B e 0
6 4 o ot 2300
. 2% e 3%3%%
L2850 % Ey
s el e
e 8% Fanzl
Bt s St
\2a%a% VR%a08 ket
el EacwTatu
(e %
~ Ba?a%a S
J [55 S28%%
’ G %%a9%
aiak R
)
Rre Eaei
Eaten 5 S
et
6 2 R%aha T ¥ T T L T 1

100:0 8020 - 6040 40:60

Actual F:C ratio in the dietary treatments

FIGURE 5. Total coliform counts (TCC) (logio cfu / mL) in rumen fluid of steers fed diets
with different forage to concentrate ratios. o
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TABLE 7. Haptoglobin (Hp) and Serum Amyloid-A (SAA) concentrations in steers fed diets with different F:C ratios."

Week 1 2 3 4 5 P value

Intended F:C ratio 100:0 80:20  60:40 = 40:60 20:80 SEM Trt Time Trtx Time
Hp (mg/mL) 053  054° 056  1.90° 1.40* 023  0.0008  0.78 0.99
SAA (ug/ml) 38" 49° 55° 71° 163  13.83 <0.0001 0.3 0.44

%Means with different superscripts within each row differed (P<0.05).
'Orthogonal contrasts were used for mean separation for significant treatment effects.
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DISCUSSION

Dry matter supplied to the steers was kept constant to minimize variability in intake
because erratic feeding patterns have been observed in studies when diets that induce
SARA are fed ad libitum (Fulton et al., 1979). Only the possible maximum amount of feed
that each animal could eat was predetermined in the present study. The average dry matter
intake for each individual steer during week 1 was used to determine the feed supplied to
each animal. It was anticipated that the 20:80 F:C ratio diet would result in erratic feed
intake as was observed in a study with a similar treatment (Gozho et al., 2005a). In the
present study, feed intake was slightly depressed during SARA induction and on
subsequent days. Using a combination of feed restriction and complete withholding of feed,
Brown et al. (2000) induced SARA in beef steers and were able to show that feed intake
returned to normal by the third day after SARA was induced. In the present study, SARA
was induced on Monday and Thursday of week 5 so that if animals becarﬁe anorexic, due
to SARA, there would be sufficient time for them to resume normal intake before the next
bout of SARA induction.

Rumen pH progressively decreased as the proportion of concentrate increased
(Table 6). This is because the amount of non-structural carbohydrates increased whilst the
content of physically effective fibre in the diet decreased with each successive addition of
concentrate. According to the definition of SARA of Cooper et al. (1999), it was only when
the proportion of concentrate ihcreased to 60 and ASO%DM that -the steers experienced’
SARA. However, according to recent studies byGo»zho. et al. (2005a), the time spent with

rumen pH below 5.6 when SARA in induced determines the activation of an inflammatory
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response as a result of SARA. Time with pH below 5.6 was higher (P = 0.02) when the F:C
ratio in the diet decreased from 100:0 to 20:80. The 20:80 F:C ratio diet represents the
nutritional model used to induce SARA. In the present study, SARA was only induced with
the 20:80 F:C ratio diet because the steers spend an average of 219 min/d with pH below
5.6 when they were on this diet. In the rumen pH range that defines SARA, the decrease in
pH is due to an increase total VFA concentration in the rumen (Krehbiel et al., 1995c;
Goad et al., 1998; Stone, 2004). In the present study, total VFA increased with each
successive increment in concentrate in the diet (Figure 2). The time taken for peak VFA
concentration to be achieved differed among the diets leading to a significant diet x time
interaction for VFA concentration.

The concentration of ruminal LPS increased .signiﬁcantly starting with the 60:40
F:C ratio diet and continued to increase with subsequent additions of concentrate to the diet
(Figure 3). There is a paucity of data on the effects of SARA on ruminal LPS concentration
and there also appears to be confradictions in the litérature.on the effeét Qf acute acidosis on
LPS concentration. For example, Andersen and Jarlov (1990) induced aéute acidosis in two
adult Jersey cows and measured both rumen pH and ruminal LPS concentrations. The LPS
concentrations decreased with decreasing rumen pH. In another study, Andersen et al.
(1994a) observed relative increases in LPS concentration after grain engorgement to induce
acute acidosis only in cows that had previously been adapted to a concentrate diet. The
reductions in rumen pH beldw 5.0 that occurred when acute acidosis was induced in the
previous studies probably resulted in bacteriological altera’tidn‘s that" differ from thoée
experienced when SARA is induced. Additionally rumen pH was not measured and

presented in a manner similar to that used in the current study, which makes it difficult to
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speculate on possible reasons for the differences. More recently, Gozho et al. (2005a)
showed that there was a 239% increase in ruminal LPS concentration when SARA was
induced in steers without prior adaptation to concentrate diets. In the present study there
was an increase of about 300% in ruminal LPS when the steers were on the 60%
concentrate diet. When SARA was induced to concentrate adapted steers, there was only an
increase of about 48% in ruminal LPS which was statistically significant. Osmolarity of
rumen fluid is higher when acute acidosis is induced in grain adapted compared to forage
adapted cattle (Andersen, 1993). It is possible that the changes in osmblarity may results in
changes in the rumen gram-negative bacteria which lead to more LPS in grain adapted
cattle.

The observations that the proportion of gram-negative bacteria in the rumen
decreases when pH decreases although the numbers for both gram positive and gram—v
negative species increase has led some researchers to suggest that LPS in the rumen comes
from either intact rapidly growing gram-negative bacteria, of ;chey coﬁld also be from gram-
negative bacteria death and lysis (Nagaraja et al., 1978a). It is also been suggested that as
much as 60% of LPS in the rumen may be released dﬁring bacteria growth (Andersen,
2000). During rapid growth, autolytic enzymes are reciuired for bacteria cells to expand and
grow but excessive autolytic activity leads to Eacteria cell Iysis; Studies with Fibrobacter
succinogenes showed that autolysis was 10 fold higher in rapidly growingcells compared
to cells in the stationary phase (Wells and Russell, 1996). It is possible that rumen pH
conditions for some part of the day resulted in rapid growth of some gram-negati\}e bacteria
and this contributed to increases LPS in the rumen during concentrate adaptation and

- SARA induction. The negative correlation between average rumen pH and LPS was




86

probably because changes in rumen pH affected the growth rate of some rumen bacteria so
that these bacteria’s contribution of LPS due to autolysis was low during periods with high
rumen pH but was high when rumen pH was low (Figure 4).

Rumen fluid total coliform counts were unaffected by increasing grain during
concentrate adaptation up to when the F:C ratio in the diet was 60:40 (Figure 4). Krause et
al. (2003) also reported higher E. coli counts in the contents of rumen, ileum and upper
colon of cattle after adapted to concentrate compared to those on an all forage diet. It is
possible that with step-wise adaptation substrate supply and rumen environment continue to
be favorable for coliforms to thrive although the change in numbers was not significantly
altered. When concentrate increased beyond 40% of DM, the more acid prone coliforms
were not able to proliferéte. However, when SARA was induced in concentrate adapted
steers, the coliform numbers were similar to those observed with the 100% forage diet
probably because there was an increase in acid tolerant strains when concentrate was fed.
Some strains of E. coli can develop tolerance if they are grown in the presence of un-
dissociated VFA (Diez-Gonzalez and Russell, 1999).

Concentrations of acute phase proteins have been observed to increase when the
time with pH below 5.6 increases to more than three hours per day (Gozho et al., 2005a).
Increasing the 'proportion of WBP in the diet beyond 60% of DM activated an
inflammatory response (Table 7). The high levels of concentrate depressed rumen pH and
compromised animal health probably due to inflammation of the epithelial tissue of the
digestive tract as well as increased LPS translocation into blood circulation due to a
| conipromised digestive tract physical barrier. If LPS translocation is the main determinant

of inflammation when SARA is induced, it is not clear how much LPS must be translocated
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into bloodstream in order to increase the acute phase protein concentrations in peripheral
circulation. Repeated episodes of SARA lead to rumen papillae inflammation as well as
hyperkeratosis of the rumen wall which exacerbates the acidity in the rumen leading to
further damage of the rumen epithelium, pathogen infiltration and abscessation of various
organs in the body (Nocek, 1997; Kleen et al., 2003). This damage to rumen mucosal tissue
may contribute to the observed inflammatory response in SARA -induced cattle.
Haptoglobin concentration increased (P = 0008) when the 40:60 and 20:80 F:C
ratio diets were fed. Haptoglobin concentrations have been increased after experimentally
induced inflammation (Conner et al., 1988), trauma (Earley and Crowe, 2002) and also
after experimental infections with bovine respiratory syncytial virus (Heegaard et al., 2000)
and natural diseases (Alsemgeest et al. 1994). Serum amyloid-A concentrations increased
when steers were fed the 20:80 F:C ratio diet. The 20:80 F:C ratio diet was particularly
successful in inducing SARA and SAA conpentrations obtained with this treatment were
comparable to those obtained during the latter stages when SARA was induced for 5-day
periods at a time (Gozho et al,, 2005a).‘ In the present study, the SAA data suggest that
relationships between the occurrences of SARA and acute phase proteins ﬁlay be
developed. However, this would only be possible in the absence of other acute phase
stimulants such as mastitis, metritis in dairy cows, other tissue injury or viral or bacterial
infections that induce an inflammatory response (Petersen et al., 2004). Acute phase‘
proteins are released from hepatocytes upon stimulation by inflammation mediators v§h10h
include interleukin-1, interleukin-6 and tumor necrosis factor (TNFa). These mediafors_ are

produced by tissue macrophages or blood monocytes at the site of injury or infection (Steel
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and Whitehead, 1994). The quantification of acute phase proteins in this and a previous

study indicate that SARA initiates an inflammatory response (Gozho et al., 2005a).
CONCLUSION

In this experiment, gradual stepwise adaptation to a wheat-barley concentrate
resulted in a 300% increased in ruminal LPS concentration. Inducing SARA after
adaptation resulted in a 48% increase in ruminal LPS. Coliform bacteria increased during
stepwise adaptation up to when 40% of the diet was wheat barley concentrate. However,
adding more concentrate resulted in a significant decrease in coliform numbers and
subsequently inducing SARA in steers adapted to concentrate diets did not affect coliform
numbers compared to the 100% forage diet. Inflammation occurred because the
concentration of Hp and SAA which were used asiﬁﬂammation markers increased when
SARA was induced in the steers. These data show the importance 'of écute phase proteins
in the early detection of SARA in the absence of overt signs. With wheat and barley as the
main concentrate ingrédients and alfalfa hay as the main forage, it appears that dietary FC
ratio greater than 40:60 result in a decrease in rumen pH that is sufficient to activate an
inflammatory response. The data also suggests that the factors that determine the

concentrations of ruminal LPS are still not clearly understood.
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ABSTRACT

The effects of grain induced subacute ruminal acidosis (SARA) in lactating dairy
cows on free ruminal lipopolysaccharide and indicators of inflammation were determined.
Four mid lactation dairy cows were divided into two groups with two cows each and used
in a repeated switchover design. During each period SARA was induced in two animals for
5 subsequent days by replacing 25% of their total mixed ration (dry matter basis) with a
concentrate made of 50% wheat and 50% barley. The other two cows acted as controls and
were fed a TMR diet in which 44% of DM was concentrate. On average, inducing SARA
increased the duration of rumen pH below 5.6 from 187 to 309 min/d and increases free
ruminal lipopolysaccharide concentration from 22,908 EU/mL to 128,825 EU/mL. Serum
lipopolysaccharide concentration in both control and SARA cows was less than the
detection limit of <0.01 EU /mL for the assay. Induction of SARA elevated serum amyloid
A concentrations from 286.8 to 498.8 ng/mL but did not affect haptoglobin, ﬁbrinogen,k
ceruloplasmin or white blood cell profiles. These results suggest that inducing SARA in
mid lactation dairy cows increases the lysis of gram-riegative bacteria and activates an
inflammatory response. However, thls inflammatory response only increased serum
amyloid A and did not affect other markers of inflammation.

Key Words: subacute ruminal acidosis, rumen pH, lipopolysaccharide, serum amyloid-A,
haptoglobin, copper in serum, ceruloplasmin, ﬁbrinogen,‘

Abbreviation key: EU = endotoxin unifs, Hp = haptoglobin, LAL = Limulus amebocyte
lysate, LPS = lipopolysaccharide, NSC = nonstructural carbohydrates SAA = serum

amyloid-A, SARA = subacute ruminal acidosis -
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INTRODUCTION

Subacute ruminal acidosis (SARA) is a common health problem in high yielding
dairy cattle (Nordlund et al., 1995; Garrett et al., 1997), but data to qﬁantify associated
losses are scarce. A case-study of a 500 cow herd in New York State estimated losses due
to SARA to be $1.12 per cow per day (Stone, 1999). Losses that are attributed to SARA
include decreased milk yield, reduced milk fat, a general loss in efficiency of milk
production and increased culling due to lameness (Nocek, 1997; Stone, 1999).

It has been suggested that translocation of free ruminal LPS into blood circulation is
an important factor in diseases such as sudden death syndrome, rumenitis, ruminal acidosis,
and laminitis that are related to feeding high concentrate diets (Dougherty et al., 1975;
Nagaraja et al., 1978a, b). Free ruminal LPS increases as a result of rapid growth or death
and lysis of rumen gram-negaﬁve bacteria (Nagaraja et al., 1978a; Andersen, 2000).
Autolytic enzymes that facilitate growth can also reéult in bacterial lysis during the rapid
bacteria growth phase (Wells énd Russell, 1996). Feeding high cohcentrate diets may
stimulate the growth of some gram-negaﬁve bacteria in the rumen and therefore increase
free ruminal LPS. Abrupt induction of SARA by feeding excess grain pellets in steers on
an all forage diet increased free ruminal LPS, SAA and Hp from 3,714 to 12,589 endotoxin
units EU/mL, from 33.6 to.l70.7 pug/mL and from 0.43 to 0.79 mg/mL, respectively
(Gozho et al., 2005a). Gradual adaﬁtations to a 60% éoncentrate diet over a 4 week period
followed by inducing SARA increased frée ruminal LPS, SAA and Hp from 6,542 to
32,275 EU/mL, from 36.5 to 131.3 ng/mL, and from 0.54 to 2.39 mg/mL, respectively

(Gozho et al., 2005b). This shows that the composition of the diet prior to the induction of
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SARA and the duration that this diets has been fed affect the increase in free ruminal LPS
due to this induction. Lactating dairy cows receive high concentrate diets throughout most
of their lactation As a result, the effects of grain induced SARA on ruminal free LPS and
indicators of inflammation in mid-lactation dairy cows might differ from that in steers.

Serum amyloid A and Hp are the major inflammation markers in cattle whose
concentrations have been shown to increase as a result of tissue injury (Conner et al.,
1988), intravascular LPS injections (Jacobsen et al., 2004) or inflammatory diseases in
cattle (Alsemgeest et al., 1994). Acute phase proteins such as fibrinogen and ceruloplasmin
as well as white blood cells can also be used as markers of iniiammation (Arthington et al.,
1996; Horadagoda et al., 1999). Fibrinogen and ceruloplasmin show only minor increases
in response to inflammation in cattle (Hirvonen, 2000). However, they can potentially be
used to augment the diagnostic value of acute phase proteins to SARA under field
conditions because blood samples for their analyses can be collected during routine visits
by dairy practitioners.

The vobjectives of this study were to determine whether inducing SARA in dairy
cows in mid-lactation changes free ruminal LPS, the concentration of LPS in peripheral

blood, SAA, Hp, fibrinogen, serum copper concentrations and white blood cell profiles

MATERIALS AND METHODS
Animals and Diets

- Four primiparous, ruminally fistulated Holstein dairy cowsv were housed in individual
tie stalls in the Metabolism Unit of the Glenlea Dairy Research in accordance Withv the

guidelines of the Canadian Council of Animal Care (1993). Cows aVeraged 538 +£12.4 kg
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of BW and 121+ 8 (mean + SD) DIM with an average milk yield of 30 + 4.3 (mean + SD)
kg/d at the beginning of the experiment. The experiment was conducted as a switchover
design with four periods of 1 wk. During each period, SARA was induced in two cows by
replacing 25% of the TMR DMI measured in the previous period with an equal amount of
DM from grain pellets (50% wheat:50% barley). The amount of pellets fed to each cow
averaged 4.4 + 0.4 (mean + SD) kg/d and was offered in two meals with 67% of the daily
allocation offered at 1100 h and the remaining 33% at 1400 h. The TMR was withheld
between 1100 h and 1700 h. The other two cows received a TMR only (control).
Treatments were switched in each subsequent week. Cows in both groups had ad libitum
access to fresh water. The ingredients and chemical composition of the TMR and wheat
barley concentraté are given in Table 8. Feed intakes were determined daily and
representative feed and orts samples were taken three times per week. Samples were pooled

by week and cow and DM content was determined by oven drying at 60°C for 48 h.

Ruminal Fluid pH Measurements and Analyses.

Rumen pH was rﬁeasured continuously for 5 days in each period by inserting one in-
dwelling pH probe into the rumen of each cow as described by Gozho th al. (2005a).
Rumen pH was measured at 1-min intervals and stored for subsequent analysis. Rumen pH
data were summarized by calculating average pH, time below pH 6, and time below pH 5.6
area (time x pH below pH 6 and area below pH 5.6) for each 24-h peribd. Time with rumen
pH below 6.0 was monitored because microbial fiber digestion and nutrient digestibilities

are reduced below this rumen pH (Calsamiglia et al., 2002).
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TABLE 8. Ingredients and chemical composition of the total mixed diet and wheat-barley
concentrate (DM basis).

Item TMR! WBP?

Ingredients, %

Alfalfa silage 32.6

Oat silage 22.4

Energy supplement® 352

Protein supplement* 8.8

Ground wheat 50.0
Ground barley 50.0

Nutrient éomposition

DM, % 63.4 89.2
CP, % of DM 18.5 15.5

NDF, % of DM 31.1 | 17.6
ADF, % of DM 233 5.9
NSC, % of DM 37.2 62.2
Ca, % of DM b‘ 1.25 0.27
P, % of DM 0.53 - 035
K, % of DM 1.72 0.56
Mg, % of DM 0.38 0.16

Na, % of DM | 036 0.03

'total mixed ration

2Whea’c-barley pellets

3Energy supplement contained 0.13% vitamin ADE premix, 0.14% trace mineral premix,
2.6% soybean meal, 0.06% selenium, 39.1% wheat shorts, 5.0% distillers grain, 17.5%
canola meal, 15.0% ground wheat, 1.7% dicalcium phosphate, 1.6% salt, 2.0% dynamate,
0.3% pellet binder, 1.0% cane molasses, 3.7% calcium carbonate, and 10.0% corn gluten
meal.

*Protein pellets contained 42.0% dried distiller’s grain, 7.0% fish meal, 22.8% canola meal,
20.0 soybean meal, 3.2% beet molasses, 0.3 % niacin (vitamin Bs), and 5.0% sodium
bicarbonate.
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Time with rumen pH below 5.6 was also used because this has been used as the upper pH
bound for the onset of SARA (Cooper et al., 1999).

Rumen fluid samples were collected into sterile plastic tubes from the ventral sac of
the rumen at 1500 h from Monday to Friday. Samples were also collected at 6-h intervals
starting at 0900 h on Wednesday during each week. A portion (25 mL) of each sample of
rumen fluid was processed for subsequent free ruminal LPS determination as described by
Gozho et al. (2005a). The Limulus amebocyte lysate (LAL) assay was used to determine
LPS concentration (Levin and Bang, 1964). The assay was performed using a 96-well
microplate kit (Cambrex Bio Science Walkersville Inc, MD) with absorbance read at 405
nm on a microplate reader (BioRad model 3550, Hercules, CA). Detailed procedures for
sample preparation and method validation have been described previously (Gozho et al.,
2005a).

‘A second portion of rumen fluid ‘(1.5 mL) was mixed Wlth an equal volume of
glycerin in plastic tubes and stored at -20°C until usedvfor total éoliform enumeration at a
later stage. Total coliform counts were determined using modified chromogenic medium
(Escherichia coli /coliform medium catalogue number CM0956, onid Inc. Nepean ON,
Canada) and buffered peptone water (pH 7.2) (Difco™) as a diluent for serial dilutions of
rumen fluid samples before plating. The chromogenic medium was modified by replacing
20% of the distilled water with clarified rumen fluid. The clarification process for the
rumen fluid included centrifuging the rumen fluid at 1500 x g for 10 minutes, followed by
autoclaving the supernatant at 121°C for 15 minutes. Buffered peptone water (pH 7.2)
(Difco™) was prepared acchding to manufacturer’s instructions. Carbon dioxide gas was

bubbled through buffered peptone water and the chromogenic E. coli /coliform medium
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immediately after preparation and autoclaving in order to reduce the oxygen tension
(Bryant, 1972).

The remaining portion of rumen fluid was centrifuged at 1500 x g for 10 minutes and
the supernatant stored at -20°C for VFA analysis. A day before analysis rumen fluid
samples were thawed at room temperature and 1 mL of a 25% meta-phosphoric acid
solution was added to 5 mL of rumen fluid. The tubes containing the mixture were
vortexed and placed in a -20°C freezer for 17 h after which samples were thawed and
centrifuged for 10 min at, 1500 x g. Approximately 2 mL of supernatant were decanted into
a clean dry vial which was capped and placed into the auto-sampler device (model 8100,
Varian, Walnut Creek, CA). Concentrations of VFA were determined by gas
chromatography (model 3400 Star; Varian) using a 1.83-m glass column (model 2-1721;
Supelco, Oakville, Ontario, Canada) (Erwin et al., 1961). The injector and detector
temperafures were set at 170 and 195, with initial and final column temperatures set at
120°C and 165°C, respectively. The run time was 4 min followed by a 2 min thermal

stabilization period.

Blood Sampling and Analyses

Blood was collected at 0900 h and 1500 h on Wednesday during each period into
twol0 mL plain, one 10 mL sodium heparin coated and one 5 mL K3EDTA coated
vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ). Plasma fibrinogen was
determined by refractometry (George, 2001). Copper in serum was analyzed by atomic
absorption spectrophotometer (Varian AA240FS, Walnut Creek, CA). An automated

hematology analyzer (Cell-Dyn 3500 system, Abbott Laboratories, Abbott Park, IL, USA)
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was used for enumeration and delineation of white blood cells in whole blood. White blood
cells were differentiated into neutrophils, eosinophils, lymphocytes, monocytes, basophils
and bands where present. Platelet count was done using the manual method of Brecher and
Cronkite (1950). These analyses were conducted at the Manitoba Veterinary Services
laboratory using either serum or KsEDTA-preserved whole blood.

The other sample in the serum tube was left to clot at room temperature, which was
about 18°C, for 45 min and subsequently centrifuged at 1500 x g for 30 min. The sodium
heparin-preserved blood sample was centrifuged immediately after collection at 1500 x} g
The serum and plasma harvested was used in the determination of haptoglobin and serum
amyloid-A, respectively, using ELISA Tridelta Phase™ range assay kits (Tridelta
Diagnostics Inc, NJ, YUSA; catalogue numbers TP-801 and TP-802, respectively) as
described by Gozho et al. (2005a).

bSerurn was also used to determine blood concentration of LP'S. using the Limulus
amebocyte lysate (LAL) assay and the same rﬁefhod as in ruminal LPS analyses except thét»
a metallo-modified polyanionic dispersants called Pyrosperse™ was added to the samples
prior to analysis. Pyrosperse™ is recommended by the manufacturers (Cambrex Bio
Sciencé Walkersville Inc, MD) for use with serum to prevent endotoxin binding. Serum
samples were diluted 1:5 with pyro‘vgen-free water and the assay was also‘perfom.led using a
96-well microplate kit with absorbance read at 405 nm on a ﬁlicroplate reader (BioRad

model 3550, Hercules, CA).
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Milk Yield and Composition

Cows were milked twice daily in their stalls, and milk productioh was determined
using Tru Test regulation meters (Westfalia Surge, Mississauga, ON). Milk samples from 4
consecutive milkings were collected into 50 mL vials in each collection period and were
preserved with 2-bromo-2-nitropropane-1,3 diol. Milk samples were stored at 4°C until
analyzed at the laboratory of the Dairy Farmers of Manitoba (Winnipeg, MB) by near
infrared analyzed for milk fat and milk protein content using the Milk-O-Scan 303AB
(Foss Electric, Hillerad, Denmark) and for somatic cell counts using the Fossomatic 300

cell counter (Foss Electric, Hillerad, Denmark).

Statistical Analyses

| Data were analyzed using SAS Mixed Procedures (SAS Institute Inc., 1996) as
recommended by Wang and GooneWardéne (2004) for the analysis of animal experiments
with repeéted measures. The effects of diet, time (which was either hour or day), and their
interactions were considered fixed. Week effects were considered random. Compound
symmetry was deemed the mosf appropriate covariance structure relative to the hourly or
daily measurements that were tested. Tukey’s multiple range test was used to separate

means after a significant (P < 0.05) treatment or time effect.

RESULTS
Total DMI was lower in control than in SARA cows on first day of SARA
induction but not on other days (Figure 6). However, control cows tended P=0.14) to

consume more feed on day 5 of SARA induction and these changes led to a diet x day
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interaction (P = 0.003). Dry matter intake averaged 18.0 and 18.3 kg/cow for control and
SARA cows, respectively.

Somatic cell counts (SCC) were used to screen cows with subclinical mastitis, as this
disease can also result in an inflammatory response. One cow had an abnormally high SCC
for the first 3 weeks of the study which averaged 991,542 with a range of 16,000 to
4,087,000 cells /mL. Data on inflammation markers in blood samples from this cow were
excluded from the analyses. The SCC for the other three cows averaged 98,125 cells /mL
with a range of 21000 to 299,000 cells /mL. Milk yield and milk composition are given in
Table 9. Milk yield, fat yield and protein yield did not differ between SARA and control
cows. Milk fat content did not differ between SARA and control céws but was lower than
the provincial herd average of 3.57% (WCDHls; 2001) in both treatments. v

Inducing SARA resulted in a decrease (P = 0.0008) in average daily rumen pH of
0.23 units in SARA cows corﬁpared to control cows (Table 10) and increased ‘(P =0.0008)
the duration of time with pH beldw 6.0 from 459.5 min/d to 741.9 min/d and also increased
(P <0.0001) the duration of time with pH below 5.6 from 187.0 min/d to 309.4 min/d. The
area (time x pH) below pH 6.0 increaéed (P < 0.0001) from 145.7 to 278.7 and the area
(time x pH) below pH 5.6 increased (P = 0.00'1) from 28.4 to 67.0 when SARA was
induced (Table 10). Total VFA concentrations in the rumen were not affected by treatment
and were 137.2 and 129.7 mM for SARA and control COWS, ‘fespectively. Ruminal
propionic acid concentration increased (P < O‘.OOOI) from 26.1 mM in control cows to 39.8
mM in'SARA cows which also led to a lower (P < 0.0001) Ac/Pr ratio for SARA cdws -
(Table 11). Average across periods and treatments, highest propiorﬁc and butyric acid

concentrations were measured at 2100 h.
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Averaged across sampling times, inducing SARA increased (P < 0.0001) free
ruminal LPS 22,908 to 128,825 EU/mL (Table 12). There was a diurnal variation in free
ruminal LPS and averaged across treatments, lowest concentrations were measured in
samples collected at 1500 h. For the entire period of study free ruminal LPS concentrations
were relatively higher during the second SARA challenge compared to the first (Figure 7).
In order to determine the day to day variation, free ruminal LPS was measured in samples
collected at 1500 h everyday. The difference in freé ruminal LPS between SARA and
control cows progressively increased up to the fourth day of treatment (Figure 8). Serum
LPS concentration was below the detection limit of 0.1 EU /mL for the LAL assay.

Rectal temperature did not differ between treatments and were‘38.4°C and 38.5 °C for
control and SARA cows, respectiffely. Averaged across period and treatment, IQwest P=
0.004) rectal temperature within the 24 hour period were recorded at 1500 h. Haptoglobin,
fibrinogen and platelet count }’did not differ between treatments and respective
concentrations for Hp, Fibriﬁogen and platelet count were 0.24 mg/mL and 0.27 mg/mL,
4.5 mg/mL and 5.0 mg/mL and 476.0 x 10°/L and 466.2 x 10°/L, for control and SARA
cows, respectively. The proportions of white blood cells did not differ between treatménts
and were within normal range for cows as defined by The Merck Vererinary Manual.
Serum copper concentrations were not affected by treatments but inducing SARA tended
(P = 0.17) to depress concentration by 0.06 mg/mL. This was prQbably due to differences
in dietary copper levels in the two diets. Replacing TMR with WBP reduced dietary copper
by 5%. Serum amyloid A increased (P = O-.(B),from 286.8 pg/mL to 498.8 pg/mL when

SARA was induced.
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FIGURE 6. Total dry matter intake (kg / d) for dairy cows fed a TMR: only (control) (m) or
TMR and wheat-barley pellets to induce SARA (o) in four animals averaged across four
periods. Each bar represents mean + SEM total dry matter intake (n = 8). * = P < 0.05,
Control vs. SARA; :

Diet x day interaction was significant (P = 0.03)




TABLE 9. Dry matter intake, milk yield and composition of cows fed the control or SARA diet!.
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, Diet P value
Item? Control SARA SEM Diet Day Diet x Day
TMR dry matter intake (kg/d) 18.0° 14.0° 1.66 <0.0001 0.12 0.003
Total dry matter intake (kg/d) 18.0 18.3 1.62 0.28 0.13 0.003
Milk yield (kg/d) 27.5 286 1.83 0.27 0.81 0.69
Milk components
Milk fat (%) 249 2.21 0.23 0.41 0.69 0.03
Fat yield (kg/d) 0.68 0.63 0.04 0.43 0.94 0.91
Milk protein (%) 3.60 3.39 0.14 0.27 0.69 0.02
Milk protein (kg/d) 1.01 0.98 0.08 0.77 0.86 0.76

**Means within the same row followed by different superscript letters differ significantly (P £0.05).

'Diets were a TMR only (control) or TMR + 25% wheat barley concentrate.

2Dry matter intakes were calculated for two animals on each treatment avera
averaged across periods and treatments for day effect (n

days during each week (n = 12) for treatment and for day effects (n = 4) and analyzed by analysis of variance.

ged across periods (n = 40) and for four animals
=16); milk yield and composition were from samples collected on two
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Averaged across period and cows within treatment, coliform counts did not differ between
treatments and were 6.77 logjo cfi/ mL and 6.72 log cfu/ mL for control and SARA cows,
respectively. However, coliform numbers were lower (P = 0.05) in SARA cows than in

control cows for samples collected at 2100 h (Figure 9).
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TABLE 10. Rumen pH variables of cows fed the control or SARA diet!

Diet P value
Ttem® Control SARA SEM Diet Day Day x Diet
Average pH 6.24° 6.01° 0.065 0.0008 0.75 0.69
Time < pH 5.6, min/d 187.0° 309.4* 32.1 <0.0001 0.59 0.99
Time < pH 6.0, min/d 459.5° 741.9* 61.5 0.0008 0.74 0.87
Area < pH 5.6, min x pH/d 28.4° 67.0° 9.7 0.001 0.12 0.95
Area < pH 6.0, min x pH/d 145.7° 278.7° 24.8 <0.0001 0.48 0.98

**Means within the same row followed by different superscript letters differ significantly (P =0.05).
'Diets were a TMR only (control) or TMR + 25% wheat barley concentrate.
*Time and area with pH below each rumen pH threshold was calculated for five days and in two animal on the same treatment

averaged across periods (n = 40) and for four animals averaged across periods and treatments for day effect (n=16) and analyzed
by analysis of variance. :



TABLE 11. Volatile fatty acid concentration (mA) of rumen fluid of dairy cows fed the control and SARA diets’

Variable” Acetate Propionate  Butyrate Other’ Total Ac/Pr ratio”
Time of day 0900 h 84.5 27.3° 8.5° 4.0° 1244  33°
1500 h 84.5 34.8% 11.0% 3.5% 133.8 2.7°
2100 h 91.2 35.8° 12.6° 3.3 1429 2.7°
0300 h 85.5 33.9° 9.8b° 3.5% 1327 2.7°
v SEM 6.76 3.53 1.12 0.36 10.8 0.18
Diet’ - Control 88.9 26.1° 10.9 4.0 129.7  3.5°
SARA 84.0 39.8% . 10.1 3.2 1372  22°
SEM 6.22 330 1.11 0.31 9.84 0.20

*»*Means for variables in same part of a column followed b

Dlets were a TMR only (control) or TMR + 25% wheat barley concentrate.
periods (n = 16) for each sampling time and across sampling

*Rumen fluid VFA concentration was averaged for two animal across
times and periods (n=32) for each treatment and analyzed by analysis of variance.

Other acids = isobutyric acid + isovaleric acid + valeric acid

4acetate propionate ratio
D1etary means were calculated across samplmg times.

y a different superscript letters differ significantly (P 20.05).

105
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TABLE 12. Ruminal LPS, rectal temperature, serum amyloid A, haptoglobin and other blood chemistry variables in dairy cows
’ fed the control or SARA diet.!

o Diet P value
Item? Control SARA SEM Diet Hour Diet x Hour
Ruminal LPS (Log;oEu/mL) 4.36° 5.17° 0.116  <0.0001 0.20 0.99
Rectal temperature (°C) 38.4 38.5 0.19 0.14 0.005 0.20
Serum-amyloid A (ug/mL) 286.8" 498.8* 85.6 0.03 0.61 0.68
Haptoglobin (mg/mL) 0.24 0.27 0.03 0.59 0.17 0.17
Fibrinogen (mg/mL) 4.5 5.0 0.29 0.24 0.99 0.40
- Serum copper (pg/mL) 1.0 0.9 0.04 0.17 0.28 0.41
White blood cells (10? cells /mL) 5.7 52 0.24 0.20 0.12 0.09
Differential WBC count (% WBC)
Neutrophils (%) 435 44.8 2.89  0.60 0.41 0.85
Eosinophils (%) 3.8 23 0.26 0.001 0.60 0.19
Lymphocytes (%) 46.2 ‘ - 455 2.61 0.57 0.65 0.91
Monocytes (%) | 6.5 6.1 1.01 0.68 0.46 0.93
Basophils (%) 0.8 ' 0.9 0.23 0.53 0.61 0.09
Bands® (%) 0.3 o 0.3 0.22 0.91 0.59 0.69
Thrombocytes - 476.0 466.2 68.8 0.92 0.51 0.21

*Means within the same row followed by different superscript letters differ significantly (P £0.05).

'Diets were a TMR only (control) or TMR + 25% wheat barley concentrate.

*Ruminal LPS concentration and rectal temperature were calculated for the animals on each treatment averaged across periods and
times of sampling (n = 32) and for time intervals (n = 16); blood chemistry variables (n = 16) for treatment effects and (n = 32) for
time intervals and were analyzed by analysis of variance.

*Bands = immature white blood cells.
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FIGURE 7. Ruminal LPS concentrations in cows during times when >they were fed TMR only (control) or TMR and 4.4 + 0.4 kg of
wheat barley concentrate to induce SARA! : . : ~

'Treatments were: Week 1 = all cows were fed TMR only, Week 2: Mia and Jinny = SARA and Bea + Jude = control,
Week 3: Mia and Jinny = control and Bea + Jude = SARA, Week 4: Mia and Jinny = SARA and Bea + Jude = control,
Week 5: Mia and Jinny = control and Bea + Jude = SARA. ' = '
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FIGURE 8. Ruminal LPS in dairy cows fed a TMR only (control) (@) or TMR and wheat-
barley pellets to induce SARA (o) in two cows averaged across four periods. Each bar
represents mean = SEM LPS concentration in logjo Eu/mL (n = 8). ** = P <0.01, Control
vs. SARA,; *#* = P <0.001, Control vs. SARA in samples collected at 1500 h every day.
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FIGURE 9. Total coliform counts (log;o cfu/ mL) of cows fed a TMR only (control) (m) or
TMR and wheat-barley pellets to induce SARA (o) enumerated in rumen fluid at 6 h
intervals over 2 days and averaged across four periods. Each bar represents mean + SEM
Total coliform counts in log;g cfu /mL (n=16). * = P < 0.05, Control vs. SARA.
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DISCUSSION

Wheat-barley pellets were used in a model to induce SARA to simulate
consumption of excess of nonstructural carbohydrates. In this study, inducing SARA by
replacing 25% of the TMR with wheat barley pellets did not depress feed intake. Previous
studies in steers have shown that daily episodes with rumen pH below 5.6 for at least 3
hours per day activate an inflammatory response (Gozho et al., 2005a). Cows in both
treatments experienced SARA because they had more than 3 hours with pH below 5.6, but
SARA increased this rumen pH depression. Beauchemin (1991) recommended that barley
grain based diets must contain at least 34% DM of NDF to prevent SARA. Although the
TMR was formulated to meet this recommendation, the analysis of the diets revealed NDF
content was 31.1% DM Hence, the low pH in the cows receiving the control diet might
have been due to the low NDF content of the diet. Replacing TMR with pellets increaséd
the concentrate content of the diet to 67% further reducing rumen buffering and probably
reduced saliva flow (Maekwa et al., 2002b) leading to longer périods of time with pH
below 5.6 in SARA cows. Total VFA concentrations in our experiment were similar to |
those observed with dairy steers with SARA (Gozho et al. 2005b). |

Milk fat content depression is commonly associated with SARA (Nocek, 1997). Milk
composition did not differ between SARA and controls in the current study. This might
have been due to the low pH in the cows receiving the control diet. Reports in the literature
indicate that milk fat depression does not always accompaﬁy SARA induction. For
example, Cottee et al. (2004) and Keunen et al. (2002) did not observe that SARA results in

milk fat depression but Krause et al. (2002) found a positive correlation between mean
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rumen pH and milk fat content and a negative correlation between time with pH below 5.8
and milk fat content. It has also been suggested that the inconsistent response in milk fat in
experimentally-induced SARA may be related to the duration of the bout(s) of SARA with
shorts period being likely to have no effect on milk fat content (Krause and Oetzel, 2005).
Reduction in rumen pH results in the production of trans-fatty acids, e.g. trans-10 C18:1
that limits milk fat synthesis and leads to milk fat depression (Griinari et al., 1998).

Free ruminal LPS was higher in the cows on a 54% forage diet than in steers on an
all forage diet in previous studies (Gozho et al., 2005a, b). Inducing SARA in steers
adapted to a hay diet or after gradual adaptation to a 60% concentrate diet increased
ruminal LPS by 8874 and 8718 EU/mL, respectively (Gozho et al., 2005a, b). In the
present study free ruminal LPS concentration was already higher than that of control
animals in both these studies. Increases of over 400% ‘in ruminal LPS when SARA was
induced in the cows ﬁqay also highlight the effects of basal diet, the duration the animals
are on a diet before SARA is induced and level of dfy matteru intake on microbial
populations in the rumen. Rapid growth of bacteria is associatedv vﬁth bacterial lysis due to
excessive activity of autolytic enzymes during cell growth and division in the rapid growth
phase (Wells and Russell, 1996). It has been suggested that as much as 60% of ruminal
LPS is produced by rapidly growing gram-negative bacteria (Andersen, 2000). Introducing
large proportions of nonstructural carbohydrates in the diet stimulates the growth of some
ruminal bacteria. In the present study the basal diet already contained 37.2% of
nonstructural carbohydrates Whi‘chkled to long periods when bacteria could grow rapidly
and shed LPS into rumen fluid. Since the TMR and wheat barley pellets were offered at

~ different times, this ensured that nonstructural carbohydrate availability for rumen
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microbial growth was staggered and was available for longer times in SARA cows than
controls. The total nonstructural carbohydrate content from TMR and pellets in the SARA
diet was 43.5%. The higher ruminal LPS concentration observed during the second SARA
challenge may be because the first week of SARA resulted in a rumen bacteria population
shift towards those gram-negative bacterial species that grow rapidly at rumen pH lower
than 5.6. Thus during the second SARA challenge there may have been larger numbers of
these gram-negative bacteria present than at the beginning of the first SARA challenge.
Within a 24-h period ruminal LPS were lowest when the lowest total coliform counts were
recorded which may imply a slower growth rate in gram-negative bacteria during this time
compared to all other sampling times.

SARA can result in damage to rumen epithelium which leads to pathogen infiltration
and subsequently to abscessation of various organs in the body (Nordlund et al., 1995). The
presence of pathogens and LPS in blood circulation sets off inﬂammatory responses
(Andersen, 2000). Irt the ptesent study, LPS was not detected in peripheral blood
circulation. Dougherty et al. (1975) and Aiumlamai et al. (1992) reported the presence of
LPS but Andersen and Jarlov (1990) and Andersen et al. (1994b) did not detect LPS in
peripheral blood circulation when acute acidosis was induced. Free ruminal LPS that is
translocated into hepatic portal circulation can be detoxified by the liver before it reaches
the peripheral blood circulation (Andelfsen, 2000). However, the majority of cytokine
receptors are found in the Kupffer cells in the liver (Bode and Heinrich, 2001) and
therefore the first wave of proinflammatory cytokinos may oe _initiated prior to

detoxiﬁcation.
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Rectal temperature was recorded to determine the occurrence of fever. A febrile
response does not appear to be a consistent clinical sign in ruminal acidosis related
endotoxaemia (Andersen, 2000). Copper concentration was measured in serum because it
is an integral component of ceruloplasmin and ceruloplasmin activity correlate closely with
serum or plasma copper concentrations (Blakley and Hamilton, 1985). Therefore serum
copper was used as an indirect measure of ceruloplasmin concentrations in control and
SARA cows. Ceruloplasmin concentrations started to raise 3 days and peaked 6 days after
' turpentine injections to induce local inflammation in calves (C‘onner et al., 1988) which
shows a delay in response after inflammation. The fibrinogen concentrations in our study
are similar to concentrations obtained after experimentally induced infections with bovine
herpes virus-1 (Arthington et al., 1996). This may suggest that both control and SARA
cows responded to SARA- induction with an inflammation response. Additionally blood
samples were collected 48 h after the beginning of each period and thlS may have been too
early for proteins such as ceruloplasmin and ﬁbrinogeﬁ whose céncentrations have been
shown to peak 3 to 6 days after inducing inflammation (Conner et al., 1988).

In the present study, SAA in control cows was higher than that in steers with grain-
induced SARA (Gozho et al.; 2005a, b). This agrees with the rumen ‘pH data that show that
both control and SARA cows had a rumen pH below 5.6 for more that 3 hr/d. and the
conclusion from Conner et al. (1988) and Alsemgeest et al. (1995) that healthy animals
have very low levels of SAA. In previous studies Hp concentrations increased when SARA
was induced in hay- and concentrate-adapted steers, respectively (Gozho et al., 2005a, b).
Hp concentraﬁ_ons greater than 0.2 mg/mL suggest early or mild infection in cattle (Skjnner

et al., 1991). In the present study Hp concentrations were 0.24 and 2.70 mg/mL for control
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and SARA cows and were, therefore, above the threshold suggested by Skinner et al.
(1991). Hence, the data obtained in the present study suggests that inflammation occurred
in both control and SARA cows. This agrees with rﬁmen pH data that shows that SARA
was induced in both the control and SARA cows. The disparity in the concentrations of Hp
and SAA cows with SARA could be due to a difference in the cytokines involved in
initiating the synthesis of these acute phase proteins (Jacobsen et al., 2004). SAA synthesis
can be induced by either interleukin-6 or tumor necrosis factor-a but both these cytokines
are required for haptoglobin to be synthesized (Alsemgeest et al., 1996). Therefore the
combination of cytokines that is required for SAA synthesis may be different from the
combination that activates haptoglobin synthesis (Jacobsen et al., 2004). The cows in the
current experiment had received a high concentrate diet for at least 17 wk prior to the
study. As a result, cows might have suffered from chronic SARA, whereas the steers in our
earlier studies (Gozho et al., 2005 a, b) experienced acute SARA. The reasons the
combinations of cyfokines to activate Hp synthesis were not synthesized in dalry cows with
chronic inflammation in this study are presently not known. SAA is also considered to be
the more sensitive and to respond faster to inflammation stimuli because it is detected
earlier in blood than haptoglobin (Horadagoda et al., 1994: Alsemgeest et al., 1994).
Further research is required to determine cytokine and acute phase protein responses
as a result of acute or chronic SARA. This is because chronic inflammation most likely
results from SARA that occurs in dairy cows compared to acute inflammation that results

from experimentally induced SARA.
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CONCLUSION

Grain induced SARA increased free ruminal LPS concentration in mid lactation in
dairy cows, but did not result in detectable LPS in peripheral blood. Induction of SARA
increased the duration with pH below 5.6 from 187.0 to 309.4 min/d. Milk yield and milk
composition did not differ between control and SARA cows, but milk fat content was
depressed in all cows. Inducing SARA increased SAA from 286.88 to 498.8 ug/mL. The
concentrations of SAA are consistent with an inflammatory response in both control and
SARA cows and also show that concentrations of SAA increase in proportion to the
duration with pH below 5.6. Haptoglobin concentrations did not differ between treatments,
but were higher than baseline values for all cows Serum copper concentration, fibrinogen
and white blood cell profiles were also not affected by SARA. The absence of an effect of
SARA on markers of inﬂammétion, with the exception of SAA and Hp could be due to the

chronic nature of SARA in lactating dairy cows.
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GENERAL DISCUSSION

The primary aim of the study was to determine the ruminal LPS concentration and immune
response when SARA was induced to cattle that had been on different feeding regimes that
allowed varying degrees of adaptation to high grain diets. SARA was induced by feeding
ground wheat and barley that was made into pellets and fed in combination with chopped
grass hay in experiments 1 and 2 and or with a total mixed ration in experiment 3. The
wheat barley pellets increased the dietary nonstructural carbohydrate, and chopping
reduced feed particle size, therefore rumen pH depression resulted from increased ruminal
VFA and low rumen buffering due to reduced saliva production from chewing during
eating and rumination in experiments 1 and 2. Even though ruminal VFA concentrations
were not measured in experiment 1, safne combinations of wheat barley pellets and
chopped grass hay were used in experiment 1 and 2. In experiment 3, a combination of
high nonstructural carbohydrate and low dietary NDF depressed rumen pH because dietary |
NDF was lower than recommended fér barley based diets (Beauchemin, 1991) (Manuscript
3). Wheat-barley pellets were fed separately in experiment 1 and 3 (Manuscﬁpt 1 and 3) or
was mixed to form part of the diet in experiment 2 (Manuscript 2). Feeding the pellets
alone increased the concentration of rumen readily fermentable ca;bohydrates in the diet
which increaséd VFA production from rumen bacteria fermentation. This subsequently
depressed rumen pH. Since the chopped grass hay or TMR was not fed at the same time
with the pellets, rumen buffering from saliva flow was very low at the time of feeding
wheat barley pellets. By using wheat-barley pellets to induce SARA in all experiments, the

causes of rumen pH depression were similar across experiments. Steers were used in
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experiment 1 and 2 because these studies involved feeding high forage diets which do not
contain sufficient nutrients to meet the nutrient requirements for high yielding dairy cows.

In experiment 1, steers had been adapted to an all forage diet before SARA was
induced abruptly (Manuscript 1) and therefore this represents a sudden introduction of
grain in the diet without adaptation. In experiment 2, the steers were adapted to a 60%
concentrate diet using three 20% incremental steps over a 3 wk period (Manuscript 2).
However, prior to this study, the steers were also fed an all forage diet. This study
represented a short adaptation period before SARA was induced. In experiment 3, mid-
lactation dairy cows that had been on a 44% concentrate diet for 17 wk were induced to
SARA. This experiment also represented situations in which cattle have been adapted to
high grain diets and have been on these high diets for a long period of time before SARA is
induced.

Abrupt induction of SARA in cattle on an all forage digt increased free fuminal LPS
in the rumen from 3,714 to 12,589 EU/mL (Manuscript 1). Gradually increasing the
concentrate inclusion in the diets of steers from 0% to 80% of dry matter increased free
ruminal LPS from 6310 to 26,915 EU/mL (Manuscript 2). Inducing SARA feeding long
periods of feeding a high grain diet increased free ruminal LPS from 22,908 to 128,825
EU/mL. A second induction of SARA after a 1 week period during which cows were fed
the high grain diet increased free ruminal LPS up to 145,383 EU/mL. Despite of these large
increases of free LPS in rumen fluid, no LPS was detected in the serum-of peripheral blood
(Manuscript 3).

These results highlight that gradual adaptation and durations of feeding high grain

diets before SARA is induced has a significant effect on the free ruminal LPS response.
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The model used to induce SARA in the studies described in this thesis could sustain the
cattle in a subacute ruminal acidotic condition for five days. During the same period free
ruminal LPS was maintained at levels that were higher than for control cows for as long as
SARA was induced. This suggests that the larger percentage of free ruminal LPS under
these conditions resulted from autolytic activity during the rapid growth phase of gram-
negative bacteria. It has been suggested that as much as 60% of free ruminal LPS is shed as
a result of rapid bacterial growth (Andersen, 2000). Rapidly growing gram-negative
bacteria shed LPS into the rumen because the enzymes involved in the processes that
facilitate cell expansion and division can also cause bacterial cell lysis (Wells and Russell,
1996). Studies with Fibrobacter succinogenes showed an association between rapid growth
phase and high autolytic activity of these enzymes (Wells and Russell, 1996).' Maintaining
the rumen pH below 5.6 consistenﬂy increased free ruminal LPS which shows that some
gram-negative bacteria species were able to proliferate within this pH range. In contrast,
free ruminal LPS decreased when acute acidosis was induced in céttle by grain
engorgement‘ (Andersen and Jarlov, 1990) which illustrates the importance of rumen pH in
maintaining the gram-negative bacteria populations. Therefore, a combination of a high
growth rate and lysis of some of the bacterial cells ensures that species are maintained in
the rumen té act as a continual source of LPS.

Low LPS is associated with high forage diets as shown by lower concentrations of
free LPS in rumen fluid of cattle fed all forage diets in experiment 1 (Manuscript 1) and in
experiment 2 (Manuscript 2). It has been argued that grain engorgement increases the
proportion of gram-positive bacteria and decreases that of gram-negative bacteria

(Nagaraja et al., 1978a). However, the important factors that may govern free ruminal LPS
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may not be the size of the gram-negative population in relation to the rumen microbial
pool, but their ability to grow rapidly and avoid washout from the rumen so that they
continually contribute to free ruminal LPS. Observations that free ruminal LPS was higher
in experiment 2 (Manuscript 2) and in experiment 3 (Manuscript 3) show the effect of grain
on free ruminal LPS. In experiment 3, free ruminal LPS concentration during the second
week of SARA induction were higher relative to the first SARA inductions which may
imply that the first SARA induction acted as a primer in the cows.

Total coliform counts increased only during gradual concentrate adaptation
Manuscript 2) but did not show trends that were similar to changes in free ruminal LPS
when SARA was induced in experiment 2 and expeﬁment 3. Coliform counts may
therefore not be representative of changes in other gram-negative bacteria that are involved
in the production of free ruminal LPS. Therefore until more information on the species that
contribute the most free rﬁminal LPS are known, it is difficult to rélate free ruminal LPS to
any one group of gram-negative bacterié. Iﬁ experiment 3, total coliform counts decreases
coincided with the lowest free ruminal LPS and this may illustrate that at lower rumen pH,
the production of free LPS decreases probably because the gromh of gram-negative
bacteria slows down. The low conceﬁtration' of LPS was measured 5 h after the first meal
of wheat barley pellets and therefore may have coincided with the rumen pH nadir
(Duffield et al., 2004).

Serum amyloid A and Hp are major acute phase proteins that have been used as
inﬂammafion markers in caﬁle. Inducing SARA abruptly increased SAA and Hp in serum
of peripheral blood from 33.6 to 170.7 pg/mL and from 0.43 to 0.79 mg/mL, respectively

(Manuscript 1). Inducing SARA after gradual adaptation to high concentrate diets for 3 wk
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increased SAA and Hp from 38 to 163 pg/mL and from 0.53 to 1.40 mg/mL, respectively
(Manuscript 2). Inducing SARA after feeding a high grain diet for more than 17 wk
increased SAA from 286.8 to 498.8 pug/mL but did not affect Hp concentration (Manuscript
3). The reasons for a lack of response in Hp when SARA was induced after a long period of
feeding high concentrate in cattle are ndt clear. Acute inflammation resulted from abrupt
induction of SARA in cattle that had been on an all forage diet and after a short adaptation
period to grain. Chronic inflammation may have occurred in all cattle used in experiment 3.
This is because the TMR contained insufficient NDF as revealed by chemical analyses of
the diet after the experiment. This may have resulted from variations in chemical
composition of the feeds used in formulating the TMR suggesting that all cattle used in the
experiment may have experienced bouts of SARA even before the beginning of the SARA
induction experiment. Additionally, daily episodes of rumen pH below 5.6 in control cows
of more than 3 h also showed that both treatments were experiencing SARA in experiment
3. Chronic inflammation therefore resulted from SARA bou_té in eXperiment 3 whilst acute
inflammation occurred in experiments 1 and 2.

According to observations with bacterial, viral infections and LPS infusions into
blood circulation, the acute phase résponse in the studies reported in this thesis were
moderate. Inflammation in cattle with SARA can potentially arise from damage of the
rumen wall due to low pH or a combination of this damage and free ruminal LPS
translocation into blood circulation. The term translocation is used to describe the
movement of free ruminal LPS from the gastrointestinal tract to _othér organs or the
bloodstream as defined by Andersen (2000). The present studi_es were not designed to

investigate how the inflammation is initiated when SARA is induced. However,
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inflammation could occur from a combination of free ruminal LPS translocation into pre-
hepatic circulation and tissue damage that varies from formation of micro-lesions to local
spots superficial lesions to extensively damaged areas and micro abscesses on the rumen
mucosa.

LPS was not detected in peripheral blood in experiment 3 but this does not rule out
translocation of free ruminal LPS into pre-hepatic blood supply. This is because the LPS is
detoxified in the liver hence peripheral blood may not show detectable concentrations
(Andersen, 2000). The liver is recognized to have a huge capacity to detoxify LPS and
peripheral detection of LPS occurs only when there is liver malfunction as can occur when
there is lipidosis. The ability of the liver to recognized and detoxify LPS and the fact that
the majority of cytokine receptors are found in the Kupffer cells in the liver (Bode and
Heinrich, 2001) ensures elimination of LPS to be linked to activation of the synthesis
cytokines that ére the primary signals in an acute phase response. In all the experiments
SAA concentraﬁons consistgntly increased when SARA was induced. Hp responses were
low particularly in experiment 3 where Hp concentrations were similar in control and
SARA treatments. The control animals in experiment 3 spend as much as three hours with
pH below 5.6 therefore SARA was induced in both treatments. Hp concentrations have
been found to be very low or undetectable in healthy cattle in the absence of inflammation
stimuli.- Concentrations in controls in all studies in this thesis were greater than 0.2 mg/mL
which is a threshold for mild inflammation (Skinner et al., 1991). There is no evidence that
acute phase protein baseline concentrations are affected by gender and thérefore the use of

steers or cows in some experiments cannot explain the low Hp concentrations in both
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treatments in experiment 3. The relative changes in the concentrations of the acute phase
proteins are informative in determining the activation of an inflammation response.

In experiment 3, the lack of Hp response when SARA was induced compared to
SAA may be related to differences in the cytokines involved in initiating the synthesis of
these proteins. This is because SAA synthesis can be induced by either interleukin-6 or
tumor necrosis factor-o. but both these cytokines are required for haptoglobin to be
synthesized (Alsemgeest et al., 1996). It may be that the combination of cytokines that is
required for Hp was not achiéved in the study with cows.

The rumen pH range that defines SARA has been set arbitrarily with pH upper
bounds that range from 6.0 to 5.5 being used in the literature. Increasing the time with
rumen pH below 5.6 from 0 to 187 min /d in experiment 1, from 121 to 219 min /d in
experiment 2 and from 187 to 309 min /d in experiment 3, increased SAA by 400%, 329%
and 74%, respectivgly. In all these experiments, whén the duration With pH below 5.6 was
3hor greatef, an inflammatory response occurred. In experiment 3, even the control
animals were experiencing SARA and SAA concentrations in these animals ‘were
comparable to the SARA treatment in experiments 1 and 2. Haptoglobin concentrations
increased by 84, 164 and less than 10% in experiment 1, 2 and 3, respectively. Across
experiments, there was no correlation between Hp and the duration with rumen pH below
5.6. Although Hp is recognized as a major acute phase protein, it has been shown that Hp
serum conceﬁtrations do not always correlated well with future clinical cases of respiratory
infections under feedlot conditions (Young et al., 1996). These studies aiso show that Hp is

a poor predictor of inflammation caused by a subclinical stimulus like SARA.
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Our research findings show free ruminal LPS increases when SARA is induced and
gradually adapting cattle to high grain diets results in even-higher concentrations when
SARA is induced. Inducing SARA in cattle that are already adapted to high grain diets
increased the free ruminal LPS concentrations by the greatest margin. This shows that
ruminal gram-negative bacteria species that are responsible for shedding LPS in the rumen
may actually thrive within the rumen pH that defines SARA. Our studies also show that the
inflammation response from SARA depends on the duration with pH below 5.6. Daily
episodes with pH below 5.6 of 3 h or more per day activate an inflammatory response.
Serum amyloid A is sensitive and response faster to SARA-related inflammation than Hp
and may offer a diagnostic method for detection of SARA in_ dairy herds. Coliform counts
cannot be used to show trends in gram-negative bacteria changes in the rumen during

SARA.
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CONCLUSIONS

On the basis of the results obtained in this thesis it is concluded:

1.

Inducing SARA increases free ruminal LPS concentrations in the rumen in cattle.
The concentration of free ruminal LPS is dependent on diet and the duration these
diet are fed prior to inducing SARA. Cattle on forage diets have lower free ruminal
LPS compared to those on concentrate based diets. Feeding concentrate diets
increases free ruminal LPS prior to inducing SARA but does not diminish the
increase in LPS when SARA is induced.

An inflammatory response is activated when SARA is induced in cattle. However,
haptoglobin may not be a very sensitive indicator of the inflammatory response that
results from SARA. Serum amyloid-A showed consistent elevation of
concentrations when ca‘_ctlefspent three or more hours with rumen pH below 5.6.
The immune response as determined by SAA was similar in studies with both steers
and cow in spite of differences in free ruminal LPS concentrations.

Concentrate inclusion rates higher than 60% may be detrimental to animal health
because these high levels results in the activation of an acute phase response.
Gram-negative rumen bacteria other than qoliforms are involved in the production
of free ruminal LPS within the pH range between 5.2 and 5.6. Coliform numbers
cannot be used as a representative group for rumen gram-negative bacteria that can

show trends consistent with changes in ruminal LPS concentrations.
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5. SARA must be defined in terms of the rumen pH and the duration spent with pH in
below the threshold because daily episodes less that 3 h with pH below 5.6 in our

studies did not constitute the occurrence of a subclinical disease condition in cattle.

These studies show that adapting the rumen environment to high grain diets provides
greater potential for the production or release of free ruminal LPS. Subjecting cattle to a
rumen pH below 5.6 for more than 3 hours through grain overload is accompanied by
an inflammatory response. The origins of systemic inflammation are not presently
known but possible sources include tissue damage on the rumen mucosa or other parts
of the gastrointestinal tract, LPS translocation into portal circulation, or a combination
of both these factors. Therefore there is a need for further research to determine the
following: |
a) To identify the inflammatory stimulus in the gasu'ointestinal tract that is responsibl¢
for the acute phase response. This can be done through experimentally inducing SARA
repeatedly in one group of cows and feeding the second group to attain normal rumen
pH before animals from both groups are slaughtered. Cows will be subjected to
postmortem .examirvlation and histological examination of gut-associated lymphoid
tissue from difference part of the gastrointestinal tract to qualitatively ¢va1uate changes
in immunological tissue.

b) To determine if there are differencés in free ruminal LPS concentrations in cows
subjected to SARA by grain engorgement or intra—ruminal infusion of VFA. Free
ruminal LPS may be differ in these treatments because grain engorgement will promote

rumen bacteria growth whilst VFA infusions will reduce rumen pH. Thus these two




126

models will help to determine if the inflammatory response is due mainly to tissue
injury (VFA infusion) or tissue injury and higher rates of free ruminal LPS
translocation into blood circulation.

¢) Identify the rumen gram-negative bacteria species that could contribute to free
ruminal LPS and develop methods for selectively culturing them.

d) To determine cytokines synthesized and present in blood in cattle with chronic and
acute inflammation. This is important in determining why the acute phase response was

different between the steers and the cows.
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