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INTRODUCTION

In pig farming the environment and feedstuffs are frequently contaminated with bacteria and

mold fungi. A standard diet in Europe consists of approximately 40–80 % cereal grains,

mostly comprising maize, wheat and barley (EFSA, 2004), which could be potentially

infested with Fusarium spp. Especially Fusarium culmorum and graminearum are known to

synthesize secondary metabolites, termed mycotoxins. Among the mycotoxins, the type B

trichothecene deoxynivalenol (DON) is highly important in pig feeding. Pigs are particularly

susceptible to DON, showing overt signs of acute and subchronic/chronic intoxication (Rotter

et al., 1996), which causes significant economic losses. The main toxic effect of DON is the

inhibition of protein synthesis via interactions with the 60S ribosomal subunit and the

subsequent altered conformation and activity of peptidyltransferases (Ehrlich and Daigle,

1987; Feinberg and McLaughlin, 1989). Hence, particularly tissues and cells with a high

protein turnover or proliferation rate respond sensitively to DON. This assumption was

proven in in vivo studies on tissue protein synthesis as well as in mice and laying hens

(Azcona-Olivera et al., 1995a; Chowdhury and Smith, 2005; Robbana-Barnat et al., 1987) and

in pigs (Dänicke et al., 2006). Further, protein synthesis inhibitors mediate the so-called

“ribotoxic stress response”, triggering cytokine gene expression via activation of mitogen-

activated protein kinases (MAPK) and nuclear transcription factor kappa B (NF-κB) (Chung

et al., 2003; Ouyang et al., 1996; Pestka et al., 2004; Wong et al., 2002; Zhou et al., 2003a).

These mentioned pathways are integral components of the innate immune system. Thus, DON

also has immune-modulatory properties, as it upregulates the expression of cytokines,

chemokines and inflammatory genes resulting in an immune stimulation at low doses and

long lasting exposure. An acute high dose exposure leads to immune suppression

characterized by leukocyte apoptosis and a damage of tissues with high turn-over rates

(Pestka et al., 2004). Mentioned immune-modulatory effects inevitably lead to an enhanced or

diminished host resistance to pathogens or pathogen-associated molecular patterns (PAMPs)

such as lipopolysaccharides (LPS), respectively (Bondy and Pestka, 2000). LPS are intrinsic

components of the outer membrane of gram-negative bacteria and are released from dividing

and dead bacteria. As bacteria occur frequently in the environment and gut microflora of pigs,

an exposure cannot be avoided. Similar to DON, in the acute stage of inflammation, LPS

induce via MAPK and NF-κB pathway the upregulation of genes encoding pro-inflammatory
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cytokines such as interleukin (Il)-1, Il-6 and tumor necrosis factor (TNF-α). This wave of pro-

inflammatory cytokines induces the acute phase reaction, which is an immediate set of finely

orchestrated reactions of the host, providing an early non-specific defense mechanism to

reconstitute homeostasis. The acute phase response includes inter alia the synthesis of acute

phase proteins (APP) and the dilatation and an increased permeability of blood vessels

resulting in tissue edema and migration of inflammatory cells (Baumann and Gauldie, 1994).

Thus, predominantly tissues with a high turnover rate and a crucial role in inflammation are

affected by LPS exposure.

Due to similar modes of action regarding the activation of the innate immune system and the

adverse effects of DON and LPS on the protein metabolism in tissues, interactions between

DON and LPS are postulated. Previous studies using murine blood plasma and spleen (Islam

and Pestka, 2006) and porcine primary cell cultures (Döll et al., 2009a, b; Döll et al., 2009c)

confirmed this assumption. Nevertheless, it is unclear if the postulated effects could be

observed on in vivo protein synthesis of tissues and selected immunological parameters in

pigs.
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BACKGROUND

1. Deoxynivalenol (DON)

1.1. Source and occurrence

Deoxynivalenol (DON) is a naturally occurring secondary metabolite of filamentous fungi, a

so-called mycotoxin. It is formed by a number of fungus genera such as Fusarium,

Cephalosporum, Myrothecium, Stachybotrys, Trichoderma, Trichothecium and

Verticimonosporium, wherein Fusarium species are the main producers of DON (EFSA,

2004; Rocha et al., 2005). Fusarium fungi mainly infect wheat, barley, maize, oats and rye on

the field, which results in economic losses in agricultural production as an infestation induces

growth retardation, inhibition of seedling and green plant regeneration (Bruins et al., 1993;

EFSA, 2004; McLean, 1996). Fungal growth and toxin production depend on several factors,

such as atmospheric humidity, temperature, rainfall during flowering and crop harvest, soil

treatment, crop rotation and plant stressors, i.e., insect damage and pesticide exposure (Fink-

Gremmels, 1999; Oldenburg et al., 2000). Especially F. graminearum and F. culmorum are

the predominantly occurring fungi among the toxin producing Fusarium species in northern

temperate regions, whereby DON, apart from other produced mycotoxins (Table 1), is the

most frequently detected mycotoxin in cereals and feedstuff (Chelkowski, 1998; EFSA,

2004). The optimum environmental conditions for the production of DON by F. graminearum

and F. culmorum are 0.96–0.99 aw and 25°C (Hope et al., 2005; Kokkonen et al., 2010;

Ramirez et al., 2006). Apart from its high phytotoxicity, it causes several adverse effects in

livestock (EFSA, 2004; Rocha et al., 2005; Rotter et al., 1996).
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Table 1 Some Fusarium species, their occurrence in Germany in the years 2006 and

2007 (Goertz et al., 2010) and their related mycotoxins (Oldenburg et al., 2000)

Fusarium species Occurrence Mycotoxins

F. graminearum +++ DON, 3- and 15- acetyl DON, NIV,

DAS, ZON

F. culmorum ++ DON, 3-acetyl DON, NIV, T-2, HT-2,

NEO, ZON

F. cerealis ++ NIV, FUS, ZON

F. avenaceum + NEO, FUS, ZON, MON

F. equiseti ++ T-2, HT-2, DAS, FUS, NEO, ZON

F. oxysporum + ZON, MON

F. poae + NIV, FUS, T-2, HT-2

F. proliferatum ++ FB1/FB2, FUS, MON, BEA

F. sporotrichoides + T-2, HT-2, NEO

F. subglutinans ++ MON, BEA

F. tricinctum + T-2, DAS, MON, ZON

F. verticilliodes +++ FB1/FB2/FB3, FU-C

+ - +++ low – high; Deoxynivalenol (DON); 3- and 15-acetyl DON; nivalenol (NIV);

diacetoxyscirpenol (DAS); zearalenone (ZON); T-2 toxin (T-2); HT-2 toxin (HT-2);

neosolaniol (NEO); fusarenone (FUS); moniliformine (MON); fumonisin B1, B2, B3 (FB1,

FB2, FB3); beauvericin (BEA); fusarin C (FU-C).

1.2. Structure and physical-chemical properties

DON is a member of the trichothecenes family of mycotoxins. Approximately 200

trichothecene derivates could be isolated and characterized (Eriksen and Pettersson, 2004;

Foroud and Eudes, 2009; Goswami and Kistler, 2004). Trichothecenes are non-volatile, low-

molecular-weight (200-500 Da) tricyclic sesquiterpenes synthesized by the terpenoid

biosynthetic pathway in the fungus (Grove, 2007). The common structure of trichothecenes is

an epoxide ring at C-12 and C-13 and a double bond at position C-9 and C10, which both are

responsible for their toxicity (Ehrlich and Daigle, 1987; Feinberg and McLaughlin, 1989).

Generally, a distinction is made between 4 subclasses of trichothecenes, according to their
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chemical properties and fungal producers, namely the T-2 type A, the nivalenol Type B, the

crotocin Type C and the macrocyclic Type D, (Ueno, 1984; Ueno et al., 1973).

Deoxynivalenol belongs to the nivalenol Type B trichothecenes and is chemically designated

as 12,13-epoxy-3α-7α,15-trihydroxytrichothec-9-ene-8-on (C15H20O6, molar mass: 296.32

g/mol, CAS 51481-10-8). Due to the 3 free hydroxyl groups in its molecule (Figure 1), it is a

polar organic compound. Thus, it is soluble in water and some polar solvents (e.g., aqueous

methanol, acetonitrile, ethyl acetate) (EFSA, 2004). DON is stable at neutral and acidic pH

values but degrades under alkaline conditions (Young et al., 1986). It sustains temperatures

ranging from 170 to 350°C and resists processing and boiling (Larsen et al., 2004; Sobrova et

al., 2010).
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Figure 1 Chemical structure of deoxynivalenol (DON)

1.3. Metabolism and toxicokinetics of DON and animal sensitivity

Differences in metabolism and toxicokinetics of DON within the examined species could

explain why pigs are the most susceptible species to DON followed by mice > rats > poultry ≈

ruminants (from most to least sensitivity) (Prelusky et al., 1994).

Generally, DON is metabolized by de-epoxidation, wherein the C12, 13 epoxide group is split

off by microorganism in the digestive tract resulting in the nontoxic degradation product de-

epoxy DON (King et al., 1984; Rotter et al., 1996). This was also demonstrated in pigs,

whereas the degree of de-epoxidation increases along the proximo-distal axis of the digestive

tract reaching an almost complete degradation in rectal faeces (Dänicke et al., 2004; Eriksen

et al., 2002). Another metabolic pathway of DON is the conjugation with glucuronic acid.

Dänicke and Brezina (2013) reviewed that the proportion of conjugated DON in pigs is

highest in bile (nearly complete conjugation), followed by urine and blood (approximately
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1/3). In addition, only 5% of DON-glucuronide conjugate was detected after intragastric and

intravenous administration of 14C-labelled DON, suggesting a neglible role of detoxifying

DON by glucuronidation (Prelusky et al., 1988). In contrast, ruminants efficiently detoxify

DON by de-epoxidation and glucuronidation by their ruminal microbes before it could be

systemically absorbed in the upper intestine as demonstrated repeatedly (Cote et al., 1986a;

Cote et al., 1986b; Prelusky et al., 1984; Prelusky et al., 1985; Prelusky et al., 1987; Prelusky

et al., 1986b; Seeling et al., 2006).

In pigs, the majority of ingested DON is rapidly absorbed in the proximal parts of the small

intestine and reaches its maximum serum concentration between 0.8 and 4.1 hours after oral

consumption (Dänicke et al., 2004; Goyarts and Dänicke, 2006; Rohweder et al., 2013). It

could be detected in plasma 15-30 min after intragastric dosing (Prelusky et al., 1988) and 20

min after oral consumption (Eriksen, 2003), respectively. A compilation of 12 independent

balance experiments with fattening pigs yielded an average systemic absorption of 49% of

DON, whereby the relationships between DON exposure and urinary excretion were strongly

linear and the proportion of faecal excretion of DON of urinary excretion was less than 5%

(Dänicke and Brezina, 2013). In contrast to pigs, the systemic absorption appears to be much

lower in sheep (6-10%, Prelusky et al., 1987; Prelusky et al., 1986b), dairy cows (<1%,

Prelusky et al., 1984) and laying hens (<1%, Prelusky et al., 1986a). Possible reasons could be

mentioned metabolic abilities of ruminal microbes, and a rapid plasma clearance, excretion

and a short intestinal transit time in poultry (Prelusky et al., 1986a; Rotter et al., 1996),

respectively.

Despite a high volume of distribution (1.3 L per kg LW, Friend et al., 1986), the carry-over

into edible tissues seems to be negligible in pigs as reviewed in Dänicke and Brezina (2013).

1.4. Mode of action

1.4.1 Cellular and molecular mechanisms

The primary toxic effect of DON at the cellular level is the protein synthesis inhibition in

rapidly dividing cells and tissues with a high protein turnover rate (Eriksen, 2003). This

requires the presence of an intact 9,10-double bond and the C-12,13 epoxide functionality

(Ehrlich and Daigle, 1985; Wei and McLaughlin, 1974). Due to the lack of substituents at C-4

position in the DON molecule, DON is an elongation-termination inhibitor on the
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translational level of protein synthesis (Ehrlich and Daigle, 1987). DON increases the amount

of polyribosomes (80S), which results in the inhibition of uncoupling of the polyribosome

from mRNA and the release of peptide chains (Cundliffe et al., 1974; Schindler, 1974).

Recent in vitro studies suggested at least 3 other mechanisms to explain the inhibitory effects

of DON on protein synthesis, whereby cells of the mononuclear phagocyte lineage were the

most sensitive (Pestka, 2010). First, Zhou et al. (2003b) and Gray et al. (2008) demonstrated

that DON activates the ribosome-bound double-stranded RNA-associated protein kinase R

(PKR), resulting in the phosphorylation of the eukaryotic initiation factor 2α (eIF2α), which

generally inhibits translation. Second, DON promoted the disruption of the large 28s RNA

(rRNA) via an apoptosis-associated rRNA cleavage pathway, which is suggested to impede

the peptidyl transferase activity and ribosomal translocation (Bae and Pestka, 2008; He et al.,

2012; Li and Pestka, 2008). Third, DON was shown to increase the expression of numerous

microRNAs (miRNAs), which are complementary to ribosomal protein sequences and

responsible for downregulation of genes for ribosome synthesis (He and Pestka, 2010).

Apart from the inhibition of protein synthesis, as the most important mode of action, DON

triggers the so-called ribotoxic stress response, which was repeatedly verified in rodents and

cell lines (Iordanov et al., 1997; Pestka, 2007; Pestka et al., 2004). The ribotoxic stress

response is linked to the inhibition of protein synthesis, and, as mentioned, the described

damage of rRNA is suggested to be responsible for the expression of some important genes

integrated in cell differentiation, proliferation, survival and apoptosis (Bae and Pestka, 2008;

Li and Pestka, 2008). In the course of the ribotoxic stress response, MAPKs are

phosphorylated (Laskin et al., 2002), playing a crucial role for signal transduction in the

immune response (Dong et al., 2002). In detail, DON triggers the phosphorylation of

extracellular-signal regulated kinase 1/2 (ERK), C-Jun N-terminal kinase (JNK) and p38-

mitogen-activated protein kinase (p38) MAPKs by activation of the double-stranded RNA-

activated protein kinase R (PKR) and hematopoetic cell kinase (Hck) (reviewed in Pestka,

2008; Rocha et al., 2005). As a downstream event of MAKPs activation, inhibitor kappa B

protein (IκB) is phosphorylated, which induces the liberation of NF-κB (Van De Walle et al.,

2008). NF-κB translocates into the nucleus and activates transcription of specific genes (Finco

and Baldwin, 1995). Furthermore, DON was shown to increase the binding activity of NF-κB

(Ouyang et al., 1996; Wong et al., 2002; Zhou et al., 2003a). These events result in an
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increased transcription and expression of numerous pro-inflammatory cytokines (Chung et al.,

2003; Islam et al., 2006; Kinser et al., 2004) and chemokines such as cyclooxygenase-2

(COX-2) (Moon and Pestka, 2002). Depending on the individual MAPKs activated, DON

mediates apoptosis, which increased linearly with the inhibition of protein synthesis (Rocha et

al., 2005; Shifrin and Anderson, 1999), as activated p38 alone promotes apoptosis, whereas

p38 activated together with ERK favor immune gene expression (Pestka et al., 2004). In

Figure 2 a summarized overview is given by which DON can exert its effects.

It is unclear whether these molecular pathways also apply in pigs. While a dose dependent

MAPK expression and phosphorylation in porcine endometrial cells could be established in

vitro, no effects were detected on the same cell type isolated from gilts orally exposed with

increasing DON concentrations up to 9.6 mg/kg diet in vivo (Wollenhaupt et al., 2006).

Nevertheless, recent in vitro, ex vivo and in vivo data suggest that a DON-mediated increase

of phosphorylation of MAPK in porcine intestinal cells is responsible for a decreased

expression of cell junction proteins and alteration of morphology in enterocytes (Lucioli et al.,

2013; Pinton et al., 2010; Pinton et al., 2012).

Figure 2 Schematic summary of literature findings how DON can exert its effects.

Abbreviations: hematopoetic cell kinase (Hck), double-stranded RNA-activated protein

kinase R (PKR), mitogen-activated protein kinases (MAPKs), extracellular-signal regulated
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kinase 1/2 (ERK), C-Jun N-terminal kinase (JNK), p38-mitogen-activated protein kinase

(p38), nuclear transcription factor kappa B (NF-κB), cyclooxygenase-2 (COX-2)

1.4.2. Influences on the protein metabolism

In vitro, the IC50 of DON for protein synthesis is 444 ng/mL in Vero cells and 252 ng/mL in

rat spleen lymphocytes (Thompson and Wannemacher, 1986) and 280 ng/mL in EL-4 T-cells,

a murine lymphoma cell line (Dong et al., 1994). Wollenhaupt et al. (2006) and Döll et al.

(2009c) found that a DON dose of 7.5 µM and 2000 nM significantly decreased the protein

synthesis of porcine endometrial cells and porcine hepatocytes and Kupffer cell enriched

hepatocyte cell culture, respectively. Nevertheless, Thompson and Wannemacher (1986)

observed that the in vitro measurement of protein synthesis showed a weaker DON-modulated

inhibitory effect than its toxicity in a whole animal lethality in vivo test in rats, assuming that

the in vitro cell response is not always an accurate indicator of toxicity for whole animals

(Thompson and Wannemacher, 1986, 1990). Thus, numerous in vivo studies were carried out

in several animal species to investigate the protein synthesis inhibitory effects of DON in

selected tissues and of plasma proteins. Robbana-Barnat et al. (1987) observed in mice that

intraperitoneally (ip) applied high DON doses of 20 and 80 mg/kg live weight (LW) induced

a decreased protein synthesis by more than 50% in heart, kidney, liver and spleen, whereas an

acute oral exposure of 5 and 25 mg/kg LW had inhibitory effects in spleen, Peyer´s Patches,

kidney, liver and small intestine, respectively (Azcona-Olivera et al., 1995a). Chowdhury and

Smith (2005) showed a decreased hepatic protein synthesis in hens after a chronic oral DON

exposure of 11.9 µg DON/g diet. In pigs, protein synthesis in spleen, kidney, ileum,

peripheral blood monuclear cells (PBMC) and of albumin was diminished as well as after a

chronic or acute consumption of naturally Fusarium-infected wheat with a dose of

5.7 mg DON/kg diet, as after an acute intravenous bolus of 53 µg DON/kg LW, whereby no

significant alterations were observed in liver, jejunum and duodenum (Dänicke et al., 2006;

Goyarts et al., 2006b).

1.4.3. Modulation of the immune system

As mentioned in previous sections, DON also has immune-modulatory properties, which are

linked to its inhibitory effects on protein synthesis. Depending on exposure regimen, tissue
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and cell type studied and functional immunologic endpoint, DON can either be

immunostimulatory or immunosuppressive (Pestka, 2008; Pestka et al., 2004; Rotter et al.,

1996). Low level DON exposure increases the production and secretion of several pro-

inflammatory cytokines such as Il-1, Il-6, and TNF-α, and immune related genes on the

transcriptional and translational level as repeatedly reported in rodents and cell lines (Azcona-

Olivera et al., 1995a; Azcona-Olivera et al., 1995b; Chung et al., 2003; Dong et al., 1994; He

et al., 2013; Kinser et al., 2004; Moon and Pestka, 2002; Nogueira da Costa et al., 2011;

Ouyang et al., 1995; van Kol et al., 2011). Hence, it was postulated that low and long-lasting

doses of DON stimulate the immune system and consequently enhance the resistance to other

PAMPs such as LPS (Pestka et al., 2004). In contrast, high doses of DON mediate the

apoptosis of leucocytes and induce the necrosis and atrophy of actively dividing tissues with

high turnover rates, such as bone marrow, lymph nodes, spleen, thymus and intestinal mucosa

and increase the susceptibility to other pathogens (reviewed in Bondy and Pestka, 2000;

Pestka, 2008). Mentioned immune modulating effects could partly be verified in pigs. In vivo

an acute intravenous DON dose of 1 mg/kg LW induced apoptosis in porcine hepatocytes and

lymphoid tissues (Mikami et al., 2010). Under same study conditions an increased

concentration of the pro-inflammatory cytokines Il-1 and Il-6 in lymphoid tissues and of Il-6

and TNF-α in serum was observed (Mikami et al., 2011). This DON mediated cytokine

profile could partly be verified in in vitro studies by Döll et al. (2009a) and Döll et al. (2009b)

as a DON dose of 500 nM increased the mRNA expression of Il-6 and Il-1β in porcine

alveolar macrophages (PAM) and Il-6 in hepatocytes, respectively. In vivo, Bracarense et al.

(2012) yielded a conspicuous increase of mRNA expression of Il-1β, Il-2, and Il-6 in the

jejunum and of TNF-α, Il-1β and Il-6 in ileum after feeding pigs with a naturally

contaminated diet containing 3 mg DON/kg diet for five weeks. Contrarily, Dänicke et al.

(2013) observed no increase of TNF-α, Il-6 and Il-10 in serum after infusing pigs with

100 µg DON/kg LW lasting for one hour.

Mononuclear cells (MNC), acting as a crucial defense part of the innate immune system, are

the most susceptible cells concerning the cytotoxic effects of DON (Eriksen, 2003; Rocha et

al., 2005). In vitro, DON diminished the viability of porcine PBMC and PAM in a dose

dependent manner in MTT and BrdU assay (Dänicke et al., 2010; Goyarts et al., 2006a) and

neutral red and alamar blue assay, respectively (Döll et al., 2009a). Further, in an in vitro
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MTT assay, Tiemann et al. (2006) observed a decreased proliferation of porcine PBMC and

spleen mononuclear cells (SMC) by 34% and 14%, respectively at a DON concentration of

0.47 µM, whereby the cytotoxic effect could also be confirmed ex vivo in SMC of pigs

chronically oral pre-exposed to 9.57 mg DON/kg diet. Nevertheless, neither Dänicke et al.

(2010) nor Tiemann et al. (2006) found a distinct DON-mediated cytotoxic effect on PBMC

isolated from pigs orally pre-exposed to 2.31 or 9.57 mg DON/kg diet, respectively.

1.5. Toxicity and toxic effects

1.5.1. Clinical signs of acute and subacute intoxication

Generally, the clinical signs of an acute intoxication with DON are emesis, feed refusal,

weight loss and diarrhea (EFSA, 2004; Forsyth et al., 1977; Prelusky and Trenholm, 1993;

Young et al., 1983). The ED50 in pigs ranges between 0.085 and 0.088 mg purified DON/kg

LW and 0.02 mg DON/kg LW when applied intravenously (iv) (Prelusky and Trenholm,

1993; Young et al., 1983), whereby the minimal oral emetic dose varied between 50-

200 µg/kg LW (Larsen et al., 2004), respectively. Extremely high doses could even provoke

shock-like death (Pestka and Smolinski, 2005), as the LD50 in mice was 78 mg/kg LW and 49

mg/kg LW given orally and ip, respectively.

1.5.2. Clinical signs of chronic and subchronic intoxication

A prolonged feeding of a DON-contaminated diet generally results in anorexia and decreased

live weight gain (Pestka and Smolinski, 2005). The literature review by Dänicke et al. (2008)

revealed that the voluntary feed intake of pigs fed a DON-contaminated diet decreases by

5.4 % per 1 mg DON/kg diet. Furthermore, it was demonstrated that 12 ppm of crystalline

DON induced complete feed refusal in pigs (Young et al., 1983).
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2. Lipopolysaccharides (LPS)

2.1 Source and Occurrence

LPS are the major outer surface membrane components of ubiquitously occurring Gram-

negative bacteria such as Enterobacteriaceae and Pasteurellaceae (Alexander and Rietschel,

2001; Raetz and Whitfield, 2002; Zähringer et al., 1994). They are liberated during bacterial

multiplication or death of bacteria in terms of lysis or autolysis (Hewett and Roth, 1993;

Rietschel et al., 1994). Quantitatively, one bacterial cell contains about 2 to 3.5 × 106 LPS

molecules which make up about 75% of the total membrane surface (reviewed in Alexander

and Rietschel, 2001; Mayeux, 1997; Raetz, 1986; Rietschel et al., 1994). LPS can infect the

host in different ways; in terms of a systemic infection with Gram-negative bacteria and a

corresponding therapy with bactericide agents, or in the absence of a bacterial infection

through an increased absorption of LPS from gut-derived bacteria when the intestinal barrier

is altered during certain pathophysiological conditions (Hamann et al., 1998; Hewett and

Roth, 1993). Animals are susceptible to LPS to a greater or lesser extent depending on disease

state, age, presence of xenobiotic agents and other factors (Ganey and Roth, 2001; Roth et al.,

1997).

2.2 Chemical structure and biological properties

LPS are extremely heat-stable macroamphiphiles (Figure 3), consisting of a covalently bound

hydrophobic lipid-rich region termed lipid A, a central acidic oligosaccharide core and a

hydrophilic region named terminal O-specific side chain (Hitchcock et al., 1986; Holst et al.,

1996; Osborn et al., 1974; Rietschel et al., 1994).
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Figure 3 The common chemical structure of LPS of Enterobactericeae (Alexander and

Rietschel, 2001). Abbreviations: D-glycero-D-manno-heptose (Hep), 2-keto-3-deoxyoctonic

acid (Kdo), glucosamine (GlcN)

The lipid A region is a glucosamine based phospholipid, which constitutes the major

component of the outer monolayer of the cell wall lipid bilayer of Gram-negative bacteria

(Hewett and Roth, 1993; Raetz and Whitfield, 2002). It consists of several hydrophobic long-

chained saturated fatty acids, which can vary in number, location and chain length. The fatty

acids are linked by amide and ester bonds to a hydrophilic central β(16)-linked D-

glucosamine disaccharide, which are highly conserved among bioactive LPS (Hewett and

Roth, 1993; Zähringer et al., 1994). Lipid A is responsible for the endotoxic and

immunemodulating effects of LPS (Galanos et al., 1985; Raetz et al., 2006; Rietschel et al.,

1985; Rietschel et al., 1971; Westphal and Lüderitz, 1954). Due to its amphilic structure, it is

able to form extremely stable, three-dimensional supramolecular aggregates under

physiological conditions (37°C, high [>90%] water content, presence of Mg2+) posing the

highest biological activity (Alexander and Rietschel, 2001; Gutsmann et al., 2007).

The lipid A is directly linked by an ester bond with the characteristic and essential 2-keto-3-

deoxyoctonic acid (Kdo) of the lipid A-proximal inner core (Alexander and Rietschel, 2001).

Further, the inner core consists of particularly phosphorylated heptoses (Hep). The other

section of the acidic core constitutes the O-chain-proximal outer core, which contains variable

hexoses and/or neutral sugars and is the attachment site for the O-specific-side chain (Raetz

and Whitfield, 2002).
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The O-specific chain (also called O-antigen) consists of hetero- or homopolymers of repeating

units of mono- and/or oligosaccharides and extends toward the extracellular environment

(Hitchcock et al., 1986; Orskov et al., 1977). The structure of the repeating units varies among

the different bacterial serotypes determining the serological specificity and functions as an

important surface antigen (Rietschel et al., 1996; Rietschel et al., 1994). Mutants, lacking in

O-specific chain (termed rough or R-form LPS), are able to grow and multiply in vitro,

showing a dispensable role of O-chain for bacterial viability. However, they cannot persist

and survive in body fluids or tissue as the O-chain protects bacteria from phagocytosis and

serum complement-mediated lysis (Rietschel et al., 1994).

2.3 Mode of action

The lipid A domain of LPS is considered as the PAMP which affects the host indirectly, as it

triggers a wide array of well-orchestrated immune-stimulatory events in cells exhibiting

pattern-recognition receptors (PRRs) (Akira et al., 2006). Primary target cells of LPS are

professional phagocytic cells of the innate immune system, i.e., peripheral monocytes, tissue

macrophages, neutrophils and others such as dendritic, vascular endothelial, smooth muscle

and epithelial cells and fibroblasts, which all exhibit the PRR toll-like receptor 4 (TLR4)

(Alexander and Rietschel, 2001). The activation of the innate immune system by LPS requires

a combined and coordinated action of LPS-binding protein (LBP), cluster differentiation

antigen in membrane-bound or soluble form (mCD14 or sCD14) and the dimerized

TLR4*MD-2 receptor complex on target cells, which is summarized in Figure 4.
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Figure 4 A summarized overview of literature findings of the LPS signaling

Abbreviations: lipopolysaccharides (LPS), LPS-binding protein (LBP), membrane-bound

cluster differentiation antigen (mCD14), soluble cluster differentiation antigen (sCD14), high

density lipoproteins (HDL), bactericidal permeability increasing protein (BPI), toll-like

receptor 4 (TLR4)* myeloid differentiation protein 2 (MD-2) complex, myeloid

differentiation factor 88 (MyD88), mitogen-activated protein kinase (MAPK), nuclear

transcription factor kappa B (NF-κB), tumor necrosis factor alpha (TNF-α), interleukin 1 (Il-

1), interleukin 6 (Il-6), cyclooxygenase 2 (COX-2), interferon gamma (IFN-γ)
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2.3.1. The role of LBP

The acute phase protein LBP is an extracellular 58 kDa glycoprotein, synthesized by

hepatocytes (Ramadori et al., 1990) and intestinal epithelial cells (Vreugdenhil et al., 1999). It

occurs in normal serum at concentrations between <0.5 and 10 µg/mL and rises up until 50 to

200 µg/mL in case of acute phase response (Tobias et al., 1992; Tobias et al., 1985; Tobias et

al., 1986). LBP has a dual concentration-dependent role; at low concentrations it enhances the

LPS-induced activation of MNC (Corradin et al., 1992; Dentener et al., 1993), whereby a

reduced LPS-mediated cellular stimulation was detected at high concentrations of LBP

(Hamann et al., 2005; Lamping et al., 1998; Zweigner et al., 2001). LBP binds directly to the

lipid A domain of LPS (Tobias et al., 1989) and facilitates the extraction of single, monomeric

LPS from their supramolecular aggregates and catalyzes the transfer and binding of LPS to

CD14 (Hailman et al., 1994; Schumann et al., 1990; Wright et al., 1990; Yu and Wright,

1996).

LBP can also have neutralizing effects to prevent an overstimulation of the immune system;

(i) via the LPS transfer to high density lipoproteins (HDL) and the stimulation of their

neutralizing activity (Van Lenten et al., 1986; Wurfel et al., 1994), (ii) indirectly, via

conveying LPS to sCD14, which transfers it to HDL (de Haas et al., 2000; Kitchens et al.,

2001; Schütt, 1999) and (iii) via complexation of LPS and LBP prior to binding of LPS to

membrane-associated LBP (Gutsmann et al., 2001). LPS could also be neutralized by

bactericidal permeability increasing protein (BPI) which is found in neutrophil granules

(Canny et al., 2002).

2.3.2. The role of CD14

The LPS-LBP complex is detected by membrane-bound CD14 (mCD14) of myeloid cells or

by soluble CD14 molecules (sCD14), which occur in plasma (Alexander and Rietschel,

2001). The mCD14 is expressed at high levels by monocytes (~105 molecules/cell) and tissue

macrophages and neutrophils (~3×103 molecules/cell) (Antal-Szalmas et al., 1997). SCD14 is

released in serum by mature phagocytes (Alexander and Rietschel, 2001; Mayeux, 1997) at

concentrations of 3-4 µg/mL (Schütt, 1999). It helps to transmit the LPS signaling in cells

lacking mCD14 but at the same time expressing TLR4*MD-2 receptor, i.e., fibroblasts,
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dendritic, vasculary endothelial, smooth muscle and epithelial cells (Alexander and Rietschel,

2001; Tapping and Tobias, 1997).

Both, mCD14 and sCD14, have integrated designated amino-acids regions, which bind LPS,

transfer, present and load it onto the TLR4*MD-2 receptor complex on target cells (Muroi et

al., 2002; Tapping and Tobias, 1997; Viriyakosol and Kirkland, 1996).

2.3.3. The TLR4*MD-2 signaling

The TLR4 is the central transmembrane signal transducer in the rapid activation of immune

cells, which requires the extracellular myeloid differentiation protein 2 (MD-2) (Alexander

and Rietschel, 2001; Palsson-McDermott and O'Neill, 2004). After binding LPS, MD-2

oligermerizes with TLR4 and a direct contact between TLR4 and the lipid A domain of LPS

is achieved (da Silva Correia et al., 2001; Lien et al., 2000; Poltorak et al., 2000; Visintin et

al., 2003). This direct contact activates intracytosolic signaling pathways, which all make use

of intracellular adapter proteins in order to operate (Bode et al., 2012; Palsson-McDermott

and O'Neill, 2004; Visintin et al., 2001). A distinction is made between an early myeloid

differentiation factor 88 (MyD88) dependent response and a delayed MyD88 independent

response. Both downstream events lead to induction of several MAPK pathways, which

activate NF-κB (Palsson-McDermott and O'Neill, 2004). NF-κB translocates to the nucleus of

the cell and triggers the gene expression of numerous pro-inflammatory molecules mediating

the acute phase response, such as TNF-α, Il-1, Il-6, COX2, inducible nitric oxid synthase

(iNOS) and (interferon) IFN-γ (reviewed in Bode et al., 2012; Brightbill and Modlin, 2000;

Palsson-McDermott and O'Neill, 2004).

2.4. The early acute phase response and its effects on immune parameters and on

tissues

The acute phase response (APR) is an immediate set of finely orchestrated reactions of the

host, providing an early, non-specific defense mechanism to reconstitute homeostasis as soon

as possible. In a chronological order, it induces a wide range of neuroendocrine, hematopoetic

and metabolic changes such as fever, somnolence, leucocytosis and increased protein

catabolism (Ceciliani et al., 2002). Low-dose LPS exposure stimulates the immune response

that resulted in removal of invading PAMPs, wherein moderate LPS exposure evokes tissue
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injury via activation of leukocytes and intravascular coagulation. High-dose LPS exposure

can result in cell-death, tissue injury and organ failure (Roth et al., 1998).

After LPS binds to its specific PRR on target cells, activated macrophages and monocytes

release the “alarm” cytokine TNF-α, which is regarded as the central mediator of

inflammation as it initiates the subsequent cytokine cascade (Blackwell and Christman, 1996).

TNF-α act on stromal cells, such as endothelial cells and fibroblasts and on keratinocytes,

epithelial cells and enterocytes, which respond with a release of a second wave of cytokines,

i.e., Il-1 and Il-6, and molecules which are highly chemotactic for leucocytes, i.e., Il-8

(Baumann and Gauldie, 1994; Dauphinee and Karsan, 2006; Murata et al., 2004; Pritts et al.,

2002; Schall, 1991). The attracted leucocytes locally infiltrate the damaged target tissue and

begin to synthesize their own set of cytokines (Lloyd and Oppenheim, 1992). Mentioned

cytokines are released in that chronological order, since each cytokine up-or downregulates

the expression of the others (Baumann et al., 1987; Schindler et al., 1990). Thus, in porcine

serum, the concentration of TNF-α peaked one hour and of Il-6 between 2.5 and 3 h after LPS

challenge, respectively (Carroll et al., 2005; Dänicke et al., 2013; Frank et al., 2003; Myers et

al., 2003; Williams et al., 2009).

Il-6 type (i.e., Il-6) and Il-1 type cytokines (i.e., Il-1, TNF-α) are primary stimulators of APP

gene expression, whereby Il-6 is the principal modulator of most APP genes (Baumann and

Gauldie, 1994). APP are mainly synthesized in hepatocytes, not least as the liver and its

associated Kupffer cells play an important role in clearing LPS from the circulation (Hewett

and Roth, 1993). Nevertheless there is evidence in the literature that there is also an

extrahepatic acute phase protein response in lymph nodes, spleen, tonsils, leukocytes and

intestinal epithelial cells (Skovgaard et al., 2009; Uhlar and Whitehead, 1999; Vreugdenhil et

al., 1999). APP are plasma proteins, whose concentration increases (positive APP) or

decreases (negative APP) by at least 25% during inflammatory circumstances (Morley and

Kushner, 1982). Approximately 40 APP are identified in mammals (Gabay and Kushner,

1999), whereby each APP plays a specific role during the APR (reviewed in Cray et al., 2009;

Murata et al., 2004). The typical APP kinetic profile in pigs is the marked 10 to 100-fold

increase of the major positive APP haptoglobin, pig-major acute phase protein (pig-MAP),

serum amyloid A (SAA) and C-reactive protein between 2 and 3 days after LPS challenge

(Heegaard et al., 1998; Petersen et al., 2004; Pomorska-Mol et al., 2011). In contrast, the
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concentration of the major negative APP albumin, which is exclusively synthesized in

hepatocytes, falls immediately after the insult (Colley et al., 1983; Fleck et al., 1985; Myers et

al., 1984). The decrease of the synthesis of negative APP is the consequence to the higher

requirement on amino acids due to increased lymphocyte proliferation and synthesis of

cytokines, immunglobulines and positive APP (Ceciliani et al., 2002; Fleck, 1989; Klasing et

al., 1987; Paltrinieri, 2008).

A summary of mentioned literature findings is compiled in Figure 5.

Depending on LPS dose and its systemic distribution, the alteration of the innate immune

system results in a systemic inflammatory response. This leads to hemodynamic changes and

tissue injury. In detail, mentioned “alarm cytokine” TNF-α activates endothelial cells in blood

vessels, which thereupon express adhesion, integrin and chemotactic molecules such as Il-8

(Dauphinee and Karsan, 2006). These molecules interact with circulating leukocytes, mainly

neutrophil granulocytes, and slow their rate of flow, initiate their transendothelial passage,

and allow their subsequent increased migration into the tissue aimed at the phagocytose of

localized LPS (Ley et al., 2007; Rot, 1992; Williams and Hellewell, 1992). Concomitantly

low molecular weight mediators such as nitrous oxide (NO) and prostaglandin E2 decrease the

vascular tone via dilatation and increasing permeability of blood vessels (Baumann and

Gauldie, 1994; Dauphinee and Karsan, 2006). Thus both, the leukocyte migration and the

decreased vascular tone contribute to edema, red-cell extravasation and accumulation of

leukocytes in the affected tissue (Baumann and Gauldie, 1994).

LPS challenge generally leads to hypodynamic septic conditions in pigs, which are mainly

mediated by TNF-α and Il-1 (Hewett and Roth, 1993). Pigs respond with a decrease of cardiac

output, increase of heart rate and increased total peripheral and pulmonary vascular resistance

(Schrauwen et al., 1988). Thus, tissues are less perfused resulting in a decreased oxygen

saturation, which was demonstrated both in liver and mesenteric (Dahm et al., 1999) and ileal

blood flow (Andersson et al., 2010), respectively. These adverse effects on tissues and blood

flow ultimately induce cytotoxic effects, which was confirmed in pigs by an increased

apoptosis of MNCs in blood, thymus, lymph nodes and spleen (Ebdrup et al., 2008; Nakajima

et al., 2000; Norimatsu et al., 1995; Solling et al., 2011) and of liver, spleen and kidney cells

(Haendeler et al., 1996; Nakajima et al., 2000). Taken together, these alterations cause

pathological hemorrhagic shock like organs. For example, the porcine liver, playing the main
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role in the acute phase response, exposed to 7.5 µg LPS/kg LW lasting for one hour showed

patchy dark red coloured surfaces, petechiae, ecchymoses, sugillations and both, neutrophil

and eosinophil infiltration (Stanek et al., 2012). Even a LPS dose of 1.7 µg/kg BW was

sufficient to evoke leucocyte infiltration, edema, sinusoidal dilatation after one hour of LPS

infusion and endothelial damage, lipid accumulation, damage of hepatocytes and phagocyting

Kupffer cells after three hours of LPS infusion in porcine liver, respectively (Saetre et al.,

2001).

Figure 5 The early stage of the acute phase response, its time schedule and effects on

immune parameters
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3. Postulated interactions between DON and LPS

Due to common modes of action of both toxins, it is generally hypothesized that low doses of

LPS amplify the susceptibility of the host to DON. Thus, several in vitro and in vivo studies

using cell lines or mice models were conducted to investigate interactions between DON and

LPS. In vitro, Pestka and Zhou (2006) revealed that a LPS priming potentiates the DON-

induced increase of Il-1, Il-6 and TNF-α mRNA expression in a murine RAW 264.7

macrophage line, peritoneal murine macrophages and human whole-blood cultures. In porcine

pulmonary alveolar macrophages and primary hepatocytes enriched with Kupffer cells, DON

and LPS synergistically induced an increase by a factor of 20 of mRNA expression and

protein level of TNF-α (Döll et al., 2009b; Döll et al., 2009c). In vivo, a single simultaneous

challenge of mice with DON (25 mg/kg LW oral) and LPS (0.5 mg/kg LW ip), led to a

synergistic and an additive increase of the splenic mRNA level and plasma concentration of

TNF-α and Il-6, respectively (Zhou et al., 1999). In the same mouse model, the combined

LPS and DON exposure caused a synergistic increased apoptosis in the thymus, Peyer´s

patches, bone marrow and spleen (Zhou et al., 2000). This lymphoid atrophy could also be

verified in thymus, Peyer´s patches and bone marrow of mice, which were challenged with

rather lower doses of DON (12.5 mg/kg LW oral) and LPS (0.1 mg/kg LW ip) (Islam et al.,

2002; Islam and Pestka, 2003). Furthermore, Islam and Pestka (2003) postulated that

apoptosis is mediated via Il-1 and glucocorticoids. Priming mice with LPS as low as 50 µg/kg

LW evoked sensitization to exposure to DON occurring 8 h later, as DON doses necessary for

inducing Il-1, Il-6 and TNF-α serum proteins and splenic mRNA were significantly lower, the

onset time was decreased and the magnitude and duration of cytokine response was increased,

respectively (Islam and Pestka, 2006). Nevertheless reverse circumstances, the pre-treatment

with DON with a subsequent PAMP administration, was not been yet clarifying examined. In

pigs only a few investigations on the influences of DON on the priming of the immune system

exist. Rotter et al. (1994) could prove that the immune response to sheep erythrocytes was

attenuated in pigs which obtained a DON-contaminated diet. Similar to mentioned findings,

pigs reacted to ovalbumin injections with a decreased expression of cytokines and

immunglobulines and moderate impacts on lymphocyte proliferation when they were pre-

exposed to a DON-contaminated diet. However, the pre-treatment with DON could not

prevent liver lesions such as apoptotic hepatocytes (Grenier et al., 2011). Indeed, both sheep
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erythrocytes and ovalbumin primarily stimulate the adaptive immune system and generally

evoke a secondary antibody response, which is less comparable with the stimulation of the

innate immune system and its inclusion of APR.

Further it has to be taken into consideration that DON is known to exert adverse effects on the

intestinal epithelium, which is the first line of defense against ingested pathogens and toxins

(Pitman and Blumberg, 2000). DON alters the expression of cell junction proteins and exerts

cytotoxic effects on intestinal cells. This could be confirmed firstly in vitro, as a DON dose of

30µM induced a decreased expression of the tight junction protein claudin-3 and claudin-4 in

the highly sensitive porcine intestinal epithelial cell line IPEC-1 by 67% and 60%,

respectively and reduces the trans-epithelial electrical resistance (TEER) in a dose and time

dependent manner (Pinton et al., 2009). This was also shown by the same authors in the

jejunum of pigs orally exposed to a DON dose of 2.58 mg/kg LW for 5 weeks. Bracarense et

al. (2012) demonstrated that an exposure of pigs with 3 mg DON/kg BW lasting for 5 weeks

decreased the expression of the tight junction protein occludin and the adherent junction

protein E-cadherin in the ileum. The authors also found a DON-mediated induction of the

jejunal and ileal expression of the pro-inflammatory cytokines Il-1, Il-6 and TNF-α and

several histological alterations such as atrophy of villi and a decreased cell proliferation. In

IPEC-J2 cells Awad et al. (2012) and Goossens et al. (2012) found distinct cytotoxic effects

such as apoptosis and autolysis. Due to these enteropathogenic effects, DON increases the

paracellular permeability to LPS from gut-derived gram-negative bacteria from the intestinal

lumen into the systemic circulation, which was previously confirmed in porcine and human

cell lines (Maresca et al., 2008; Pinton et al., 2009). Thus, effects of the additional LPS

translocation have also to be considered.

Based on mentioned alterations on cytokine expression and tissue integrity, it could be

hypothesized that an exposure to both toxins could modify innate immune functions and its

impacts on tissue metabolism. In this context, the liver plays a central role, as it regulates the

protein metabolism and the response to immune challenges by initiating the APR. Mentioned

literature findings and hypotheses are illustrated in Figure 6.
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Figure 6 Postulated interactions between DON and LPS on tissues and cells with immunologic properties. mark literature

findings from each individual toxin (for references see background section 1.4 and 2.4), mark interactions between DON and

LPS, which are partly be verified in rodents and cell lines (for references see text above), mark the hypothesis that the

interactions between DON and LPS could modify innate immune functions and its impacts on tissue protein metabolism highlight
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SCOPE OF THE THESIS

The background shows that an enormous wealth of knowledge exists about the common mode

of action of the Fusarium toxin DON, and of the bacterially derived LPS. This leads to the

assumption that there are potential interactions between both substances on the innate immune

system and tissue protein synthesis. However, data available from literature provide only

information from rodents using high toxin doses or in vitro studies. There is a lack of

information about the modulating effects of both substances on the in vivo protein synthesis of

porcine tissues playing specific roles in toxin elimination and inflammation and on specific

immune parameters in pigs.

Considering these gaps of knowledge, the aim of this thesis is to answer the following

questions:

1. Does an acute septic stage modulate the DON-mediated protein synthesis inhibition in

selected tissues in the pig? (Paper I)

2. Are there interactions between DON and LPS on the in vivo protein synthesis of

porcine albumin and fibrinogen acting as acute phase proteins? (Paper ІІ)
3. Which effects does the DON and LPS intoxication have on metabolic activity and

viability of PBMC? (Paper ІІ)
4. Does the impact of LPS on the tissue protein synthesis and the selected parameters of

the innate immune system depend on a chronic pre-exposure or on an acute co-

exposure to DON? (Paper І and ІІ)

For this purpose a study was conducted with 36 fattening castrated male pigs, crossbred

German landrace × Pietrain. A diet containing 3.1 mg DON/kg originating from naturally

Fusarium-contaminated wheat was fed over a period of 37 days to pigs exposed chronically to

DON, whereas the diet contained uncontaminated wheat in the control group. On the day of

sampling and protein synthesis measurement (day 37), pigs fed the control diet received an

infusion of either physiological saline (Control), 100 µg DON/kg LW/h (iv DON), 7.5 µg

LPS/kg LW/h (iv LPS) or a combination of DON and LPS at the same concentration (iv DON

& LPS) for one hour. Pigs fed the DON-contaminated diet were split into two groups,

receiving physiological saline (Chronic oral DON) or 7.5 µg LPS/kg LW/h (Chronic oral
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DON & iv LPS). To trace the labeling of newly synthesized proteins in tissues (Paper I),

PBMC and of albumin and fibrinogen (Paper II), the so–called “flooding dose technique”,

applying a L-[
2H5]-phenylalanine solution, was used. All pigs were slaughtered subsequently

for collecting the selected tissues. The incorporation of L-[
2H5]-phenylalanine into newly

synthesized proteins was investigated to provide information about the tissue specific protein

metabolism (Paper I). PBMCs were isolated to measure their metabolic activity and viability

via ex vivo MTT assay (Paper ІІ). Further the concentration of TNF–α, Il-6 and Il-10 was

determined to examine a possible acute phase response of the host (Paper II). An overview of

the investigations carried out is given in Figure 7.

Figure 7 Scheme of the investigations carried out in the present thesis (I, II Paper of the
related investigation)
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ABSTRACT

Possible interactions between the Fusarium toxin deoxynivalenol and lipopolysaccharides on

in vivo protein synthesis were investigated in selected porcine tissues. A total of 36 male

castrated pigs (initial weight of 26 kg) were used. 24 pigs were fed a control diet and 12 a

Fusarium-contaminated diet (chronic oral deoxynivalenol, 3.1 mg/kg diet) for 37 days. Tissue

protein synthesis was measured in pigs fed the control diet after intravenous infusion of

deoxynivalenol (100 µg/kg LW/h), lipopolysaccharides (7.5 µg/kg LW/h) or a combination of

both substances on the day of the measurements, while six pigs from the chronic oral

deoxynivalenol group were intravenously treated with lipopolysaccharides (7.5 µg/kg LW/h).

Deoxynivalenol challenge alone failed to alter protein synthesis parameters. Fractional protein

synthesis rates were exclusively reduced in liver, spleen and small intestine of

lipopolysaccharides-treated pigs. Intravenous deoxynivalenol co-exposure enhanced the

impacts of lipopolysaccharides on protein synthesis parameters in the spleen and the small

intestine to some extent, while a chronic oral pre-exposure with deoxynivalenol relieved its

effects in spleen. Whether these interactions occur in other tissues and under other study

conditions, especially toxin doses and route of entry into the body, needs to be examined

further.

Key words: swine; sepsis; protein metabolism; tissue
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ABSTRACT

The in vivo effects of the Fusarium toxin deoxynivalenol (DON) on albumin and fibrinogen

synthesis in pigs and metabolic activity of porcine peripheral blood mononuclear cells

(PBMCs) were studied alone or in combination with lipopolysaccharides (LPSs) in order to

examine proposed synergistic effects of both substances.

A total of 36 male castrated pigs (initial weight of 26 kg) were used. Uncontaminated

(Control) and naturally DON-contaminated (chronic oral DON, 3.1 mg/kg diet) wheat was fed

for 37 days. On the day of protein synthesis measurement, pigs recruited from the Control

group were treated once intravenously with (iv) DON (100µg/kg live weight (LW)/h), iv LPS

(7.5 µg/kg LW/h) or a combination of both substances, and six pigs from the chronic oral

group were treated once with iv LPS.

A treatment with DON alone exhibited no alterations of acute phase protein synthesis and

metabolic activity of PBMC. There was no evidence that the chosen dosing regimen of DON

had influences on the induced sub-acute stage of sepsis, as the LPS challenge, irrespective of

DON co-exposure, mediated an acute phase reaction with a typical decrease of albumin

synthesis, as well as changes in cytokine concentration and a loss of metabolic activity in

PBMC.

Key words: Pig, Deoxynivalenol, Lipopolysaccharides, Albumin, Fibrinogen, PBMC
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GENERAL DISCUSSION

In the present thesis, postulated interactions between the Fusarium toxin DON and LPS on

the innate immune system and tissue protein metabolism were investigated in pigs. We

Various exposure scenarios were conducted. Pigs were either challenged acutely

intravenously with DON (100 µg/kg LW/h) to reflect a systemic absorption and to ensure

significant toxin plasma levels, or were chronically exposed to dietary DON (3.1 mg DON/ kg

diet, 37 days) to simulate a continuous exposure. On the day of sampling and protein

synthesis measurements, all pigs were either challenged with an acute intravenous LPS dose

(7.5 µg/kg LW/h) to induce the acute phase response or with physiological saline (Paper I,

Figure 1).

The liver is of major importance in host defense due to its clearance and detoxification

potential and the production of proteins such as acute phase proteins (APP) and inflammatory

mediators (Van Amersfoort et al., 2003). Thus, it is regarded as the principal target of

systemic inflammation as presented in Figure 6. On the other hand, it regulates the activities

of most metabolic pathways, especially the protein metabolism (Hewett and Roth, 1993).

When evaluating the whole liver fractional synthesis rate of proteins, both exported, such as

APP, and constitutive proteins are included. In order to investigate if alterations of the hepatic

protein metabolism are related to inflammatory events, both the total liver protein synthesis

(Paper I, Table 2) and the synthesis of the negative APP albumin (Paper II, Table 1) and of

the positive APP fibrinogen (Paper II, Table 2) were determined, respectively. In Figure 8 the

respective results from Papers I and II are summarized as percentage of protein synthesis in

each treatment group of protein synthesis in the control group.
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Figure 8 Effects of DON and LPS on in vivo protein synthesis (FSR) [% of control] of

total liver protein (     ), albumin (     ) and fibrinogen ( ) after acute iv DON (100 µg/ kg

LW/h) or chronic oral DON exposure (3.1 mg/ kg diet, 37 days) alone or together with acute

iv LPS (75µg/ kg LW/h) challenge compared to pigs fed a control diet and challenged with

saline (* significantly different from control with p < 0.05, means – SD, LSD-test)

Irrespective of DON co-or pre-exposure, the LPS challenge induced distinct effects on total

liver protein and albumin synthesis in all LPS treated groups. This was most prominent in the

iv DON & LPS group, as the fractional synthesis rates (%/d) of total liver protein and albumin

were significantly decreased by 62 % and 46 % in relation to the control group, respectively.

The relationships between the proportions of albumin synthesis of total liver protein synthesis

reflected almost those of albumin FSRs and total liver protein FSRs (Paper II). Thus, it can be

assumed that the LPS mediated decreased synthesis of albumin was not accompanied by a

concomitant increase of synthesis of other liver proteins. This is supported by a positive

correlation between albumin FSRs and total liver protein FSRs (r=0.791). In contrast, the

synthesis of fibrinogen was not altered by an LPS challenge and showed high inter-individual

variation in all of the measured parameters (Paper II, Table 2 and mentioned Figure 8). This

was also reflected by an absent correlation between fibrinogen FSRs and total liver protein

FSRs. Nevertheless, a tendency to a negative correlation between albumin and fibrinogen

FSRs could be verified. Taken together, these results confirm the suggestion, that in the early
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stage of the APR, the liver first reduces the synthesis of negative APP to have sufficient

amino acids available to synthesize the positive APPs at later time points as illustrated in

Figure 5. An additional explanation for these findings could be the time-dependent increase of

pro-inflammatory cytokines. The synthesis of APP is mediated by Il-6 type and Il-1 type (Il-1,

TNF-α) cytokines via pre-translational up- or down-regulation of APP gene expression

(Baumann and Gauldie, 1994; Kushner and Rzewnicki, 1994). This was confirmed numerous

times in hepatic cell lines and rodents (Mackiewicz et al., 1991; Perlmutter et al., 1986;

Ramadori et al., 1985; Ramadori et al., 1988). It is also recognized that each cytokine up- or

downregulates the expression of the other. For example, TNF-α and Il-1 induce the

production of Il-6, whereby Il-6 in turn inhibits the expression of both, which is regarded as a

negative feedback mechanism (Schindler et al., 1990). Thus, in porcine serum, the

concentration of TNF-α peaked one hour, and of Il-6 between 2.5 and 3 h after LPS challenge,

respectively (Carroll et al., 2005; Frank et al., 2003; Myers et al., 2003; Williams et al., 2009).

This was also confirmed in a preliminary study by Dänicke et al. (2013), as TNF-α peaked

one hour and Il-6 3 h after beginning LPS challenge similarly to the chosen dosing regimen

(7.5 µg/kg BW/h). Furthermore, it is known that the gene expression of the various acute

phase proteins responds differently to different combinations of cytokines, whereby Il-6 is

regarded as the principal modulator. Thus, in human hepatoma cell lines, the synthesis of

fibrinogen could only be increased by Il-6, while Il-1 and TNF-α inhibited its synthesis. In

turn, the gene expression of albumin was down-regulated by each of the mentioned cytokines,

wherein the combination of the three cytokines had additive effects (Mackiewicz et al., 1991).

A positive correlation between the serum concentrations of TNF-α and Il-6 (r=0.86) (Paper II,

Figure 2) was acknowledged, which was also shown in an in vitro study by Schindler et al.

(1990) using human PBMC (r=0.66). However, in the present study protein synthesis

measurement was conducted within the time span following the TNF-α peak concentration,

and approaching the Il-6 peak concentration, respectively (kinetic data are shown in Dänicke

et al., 2013). These facts could explain the high inter-individual variation in measured

fibrinogen parameters and an absent correlation between mentioned cytokines and FSR of

fibrinogen. Furthermore, it could also be proven that the diminished albumin synthesis

depends strongly on the presence of TNF-α and Il-6, since the FSR of albumin was also

negatively correlated to TNF-α as to Il-6 (Figure 9). Underlining the statement that the protein
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synthesis of total liver protein is mainly intended by a cytokine-mediated reduction of

negative APP, a negative correlation between the FSR of total liver protein and TNF-α (r=-

0.55) or Il-6 (r=-0.71) was observed. In conclusion, the assumption that alterations of the

hepatic protein metabolism are due to inflammatory events caused by the LPS but not by the

DON exposure could be confirmed.

Figure 9 Serum Il-6 concentrations [pg/mL] in relation to fractional synthesis rate (FSR)

of albumin [%/d]

Nonetheless, in both combined treatment groups the relative organ mass and RNA

concentration, cell equipment for protein synthesis (RNA:DNA ratio) and DNA activity

(ASR:DNA ratio) (Paper 1, Table 2) were higher or lower than in livers from Control and

solely with DON treated pigs, respectively. This could hint to a higher amount of remaining

erythrocytes and blood proportions. However, these findings have to be considered critically

as respective parameters are metric values and provide no information on functional

condition. Furthermore, histopathological findings from livers obtained from the present study

revealed that haemorrhages and portal and acinar inflammation were only developed in iv

LPS and iv DON & LPS group, but not in chronic oral DON & iv LPS group (Stanek et al.,

2012). Hence, the authors concluded that the pre-exposure to dietary DON attenuates the

LPS-induced histopathologic lesions. In the present study the proportion of ASR of albumin

of total liver protein synthesis tended to decline between chronic oral DON & iv LPS group
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(10 %) and iv LPS group (16 %) (Paper II). This could indicate that an oral pre-exposure to

DON could also attenuate the LPS effects on albumin synthesis. In contrast, the secretion time

of albumin, as the time which is required until newly synthesized albumin (from the liver) is

detectable in plasma, was shortened in all LPS treated groups in comparison to chronic oral

DON group. However, the chronic oral DON & iv LPS group showed an additionally

significant lower secretion time than the solely iv DON treated and Control pigs. In contrast

to the findings by Stanek et al. (2012) these facts could hint to a more pronounced damage of

hepatocytes and thus, a more rapid efflux of albumin when pigs are pre-exposed to DON.

Moreover, the secretion time of albumin in iv DON & LPS group tended to increase in

relation to chronic oral DON & iv LPS treated pigs. This, in turn, could be linked to positive

influences by the co-treatment with DON. In the preliminary study by Dänicke et al. (2013),

the mentioned iv DON & LPS treatment prevented the LPS-induced steady increase of

aspartate aminotransferase (ASAT) and glutamate dehydrogenase (GLDH). The reduced

plasma activities of these more or less liver specific enzymes could hint at a diminished

damage of hepatocyte membranes and with respect to the present study, also a slower efflux

of albumin out of the hepatocytes in DON co-treated pigs. However, mentioned significant

interactions on secretion time in chronic oral DON & iv LPS treated pigs had no

consequences on the synthesis of albumin, as even the secretion time was positive correlated

to FSR (r = 0.50) and ASR (r = 0.49) of albumin. Nevertheless, mentioned findings on the

protein synthesis parameters of albumin have to be considered critically, as significances

between the individual LPS treated groups were absent.

PBMC are regarded as the primary targets of DON and LPS. Thus, the FSR and the cell

viability of PBMC were also determined (Paper II, Figure 5). Although FSR and viability of

PBMC were positively correlated (r=0.42-0.45), the relationships between the groups were

different for each parameter, as the LPS treatment induced distinct losses of cell viability

irrespective of DON co- or pre- exposure, while the FSR was inconsistently diminished.

These results are summarized in Figure 10. Hence, it could be assumed that the LPS treatment

primarily affected the cell viability via generated NO compounds that disturb the

mitochondrial function (Sung and Dietert, 1994), which is measured by MTT assay, whereas

protein synthesis processes were partly unaffected. However, a negative correlation between

FSR and MTT-test results and the determined cytokines, which ranged from r=-0.45 to r=-
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0.65 could be shown. Hence, it can be assumed the pro-inflammatory cytokines could also

influence metabolic processes and viability of PBMC.

Figure 10 Effects of DON and LPS on peripheral blood mononuclear cells (PBMC) [% of

control] of protein synthesis (    FSR, in vivo) and cell viability (     MTT, ex vivo) after acute

iv DON (100 µg/ kg LW/h) or chronic oral DON exposure (3.1 mg/ kg diet, 37 days) alone or

together with acute iv LPS  (75µg/ kg LW/h) challenge compared to pigs fed a control diet

and challenged with saline (* significantly different from control with p < 0.05, means – SD,

LSD-test)

However, exposure to DON alone exhibited no alterations, either on protein synthesis of total

liver protein and in PBMC or on synthesis of albumin and fibrinogen and concentrations of

TNF-α and Il-6. Furthermore, interactions between DON and LPS were detected neither for

the hepatic APR and tissue protein synthesis nor for cell viability and protein synthesis in

PBMC. Hence, it can be assumed that in the present study DON dose and dosing regimen

were unsuited to exert previously described metabolic and immune-modulating effects,

although the plasma concentrations of free DON 50 min after beginning of saline or toxin

infusion and 65 min after morning feeding reached values between 60 and 67 ng/mL in iv

DON treated pigs or between 7 and 12 ng/mL in chronic oral exposed pigs, respectively

(Paper II, Figure 1). The corresponding kinetic profile of DON and the DON concentration

observed during protein synthesis measurement was already described in detail in Paper I (see
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Section 4-discussion). Briefly, in acute iv DON challenged pigs the plasma concentration

level of DON was up to four-fold lower and in chronic orally exposed pigs the DON dose was

the half of that which was reported in studies by Dänicke et al. (2006) and Goyarts et al.

(2006b), respectively. In contrast to the findings of the present study, mentioned authors

observed a distinct decrease of protein synthesis in spleen, kidney, ileum, and PBMC and of

albumin synthesis when applying DON, respectively. Furthermore, in the present study, in

kidneys, the important excretion organ of toxins, even both, DON and LPS and a combination

of both toxins could not induce adverse effects on protein metabolism (Paper I, Table 4). This

in turn, could be linked to insufficient DON and LPS doses reaching this tissue due to the

high clearance capacity of the liver as described by Hewett and Roth (1993), Hence, it can be

assumed that different exposure scenarios might have different consequences.

Nonetheless, in the spleen and small intestine there is evidence that depending on application

route and duration of exposure, DON could amplify or attenuate the LPS effects on tissue

protein synthesis and innate immune system. In the spleen, a secondary lymphatic organ,

which is intercalated into the systemic circulation, the FSR was exclusively diminished in

pigs receiving the combined acute iv DON & LPS dose compared to the control group,

whereas these effects were undetectable in solely iv LPS and chronic oral DON & iv LPS

treated groups (Paper I, Table 3). Similar results could be demonstrated in the examined three

sections of the small intestine, since in addition to iv LPS exposed pigs, the combined iv DON

& LPS treatment significantly reduced the protein synthesis in relation to the control group

and solely with DON treated pigs. In contrast, the FSR of DON pre-treated endotoxemic pigs

showed only partially significances compared to Control and DON groups (Paper I, Table 5).

Thus, it seems that a simultaneous acute iv challenge to DON and LPS could partially amplify

the adverse effects on protein synthesis. Interestingly, FSRs in mentioned tissues were each

negatively correlated to the serum concentrations of TNF-α and Il-6. This could be linked to

the mentioned findings by Islam and Pestka (2003), who suggested that the synergistic

induction of apoptosis in lymphoid tissues by a simultaneous DON and LPS exposure is

mediated by the pro-inflammatory cytokine Il-1 and glucocorticoids acting as important

mediators of the acute phase response. Another possible explanation for these findings could

be deduced from the results by Diesing et al. (2011). The authors demonstrated in an in vitro

study using IPEC-J2 cell lines, that when DON was applied on the basolateral (systemic) site
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the adverse impacts on TEER and expression of the tight-junction proteins ZO-1 and claudin

3 were more pronounced than when it was administered on the apical (luminal) site. These

facts could imply that the impacts on the intestinal barrier in iv DON co-exposed pigs caused

more pronounced effects on tissue protein synthesis in small intestine and led to an

additionally translocation of LPS from gut-derived bacteria into the systemic circulation.

This, in turn, could result in amplifying effects on the LPS-mediated extrahepatic APR and its

impacts on protein synthesis in spleen, respectively. However, in tissue samples of the small

intestine obtained from the present research, Klunker et al. (2013) demonstrated that only the

single iv DON treatment decreased the apical expression of the ZO-1 in mid jejunum

compared to LPS treated pigs. In contrast, in a preliminary study, an oral exposure to a DON

dose of 3 mg/kg diet for 10 weeks neither induced alterations on ZO-1 expression nor on LPS

level in systemic blood (Dänicke et al., 2012). These findings could explain the absent

alterations on protein synthesis in the small intestine and spleen in chronic oral DON & iv

LPS treated pigs. Nevertheless, mentioned observations on the protein synthesis parameters of

the spleen and the small intestine especially in iv DON & LPS treated pigs, have to be

considered critically, as significances between the individual LPS treated groups were absent

and results of the corresponding studies are partially inconsistent to our obtained

observations. Furthermore, neither in the present study nor in the studies by Dänicke et al.

(2012) and Klunker et al. (2013) the portal LPS and DON level was measured to get further

information about the additionally translocation of LPS from gut-derived bacteria and the

hepatic exposure to DON and LPS, respectively.

Taken together, it could be assumed that the LPS-induced systemic inflammation caused the

previously described alterations on hepatic acute phase protein synthesis and the associated

changes in protein metabolism and cytokine levels during the APR. A DON challenge alone

failed to reach significant alterations on either protein synthesis in selected tissues or on

immunological parameters. Significant interactions between DON and LPS could only be

partially demonstrated in the spleen and small intestine, especially when pigs were challenged

with a combined acute iv DON and LPS dose, whereby the mode of action is still unknown.

In summary, most of the hypothesized interactions between DON and LPS, as summarized in

Figure 6, could not be confirmed as collectively compiled in Figure 11.
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SUMMARY

Kristin Kullik

INTERACTIONS BETWEEN THE MYCOTOXIN DEOXYNIVALENOL AND

LIPOPOLYSACCHARIDES ON THE PROTEIN METABOLISM AND THE

IMMUNE SYSTEM OF PIGS

In northern temperate regions, cereal grains are frequently contaminated with the Fusarium

toxin deoxynivalenol (DON), which can not completely be prevented. The standard diet for

pigs predominantly comprises wheat, barley and maize. Therefore, pigs are at special risk to

be exposed to this mycotoxin. Moreover, the pig is the most susceptible species to DON,

showing overt signs of intoxication such as feed refusal, emesis and diarrhoea following

exposure to high toxin amounts. However, the primary economic losses are caused by a

diminished live weight gain and reduced feed intake after a chronic exposure to moderate

doses of DON. The primary toxic effect of DON is the inhibition of the protein synthesis via

interactions with the 60S subunit of eukaryotic ribosomes and the modulation of the innate

immune system. These modes of action are assumed to be responsible for a diminished

resistance of the host towards pathogen associated molecular patterns (PAMPs) such as

lipopolysaccharides (LPS). LPS are intrinsic components of the outer membrane of Gram-

negative bacteria, which ubiquitously occur in feedstuffs and the environment of pig farming,

but also in the lumen of the intestinal tract of the animals. Similar to DON, LPS are regarded

to activate the innate immune system, which partly occurs with the similar molecular

mechanism. Hence, interactions between DON and LPS on the innate immune system and

protein metabolism are possible. This could be partly confirmed using high toxin doses in cell

lines and rodents. However, these adverse effects have not been yet studied in vivo in pigs.

Therefore, the present research aimed to investigate the interactions between DON and LPS
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on the in vivo protein synthesis in tissues playing specific roles in inflammation and toxin

elimination, and selected immunological parameters.

For this purpose 36 male castrated crossbred (German Landrace × Pietrain) pigs were used,

which were either fed a naturally with DON contaminated diet (3 mg DON/kg diet) or an

uncontaminated control diet for 5 weeks. On the day of sampling and protein synthesis

measurement, pigs fed the control diet received an infusion of physiological saline, 100 µg

DON/kg live weight (LW)/h, 7.5 µg LPS/kg LW/h or a combination of both toxins at the

same dose as the individual infusions, respectively. Pigs fed the DON-contaminated diet were

split into two groups, receiving physiological saline or 7.5 µg LPS/kg LW/h. The effects of

DON and LPS on tissue protein synthesis and synthesis of the acute phase proteins albumin

and fibrinogen were measured using a flooding dose of the stable isotope L-[
2H5]-

phenylalanine. This technique was also used to investigate the protein synthesis in peripheral

blood mononuclear cells (PBMC), which are known to be the primary targets of both DON

and LPS. In PBMC the cell viability was also detected via MTT assay. In order to verify the

LPS mediated acute phase response, the serum concentrations of the pro-inflammatory

cytokines tumor necrosis factor alpha (TNF-α) and interleukin 6 (Il-6) and the anti-

inflammatory cytokine interleukin 10 (Il-10) were determined.

Even if pigs were fed a DON-contaminated diet containing an approximately three-fold

higher DON concentration than the guidance value for complementary and complete feedings

stuffs regulates for pigs, the DON administration alone was insufficient to alter protein

synthesis parameters of tissues and of albumin and fibrinogen synthesis, and the metabolic

activity and cell viability of PBMC. Furthermore, DON-effects on serum concentrations of

TNF-α, Il-6 and Il-10 could not be observed. Hence, based on the measured parameters it was

concluded that the DON exposure alone was not able to cause measurable immune-

modulating effects. In contrast, the LPS application evoked distinct effects on hepatic protein

metabolism irrespective of a DON co- or pre-exposure, which seemed to be linked to the

LPS-mediated early stage of the acute phase response. This could be supported by the

observed typical decrease of albumin synthesis, unaltered fibrinogen synthesis and changes in

cytokine concentrations. Nonetheless, the determined alterations of the secretion time of

albumin could indicate damage of hepatocytes at interactions between DON and LPS. Indeed,

this has to be considered critically as relations partly failed to reach significance level.
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Furthermore, it was not feasible to make any statements about the hepatic DON and LPS

exposure via the portal vein, as only peripheral venous blood was collected. Irrespective of a

DON co-or pre-exposure, in PBMC the cytotoxic effects of LPS could be proven by the

measured diminished cell viability, whereas protein synthesis inhibition was pronounced to

different extents. Only in the spleen and small intestine the intravenous DON co-exposure

enhanced the impacts of LPS on some protein synthesis parameters, while a chronic oral pre-

exposure to DON weakened the effects of LPS in the spleen. Indeed, significances between

the individual LPS treated groups were absent and the underlying mode of action of

mentioned alterations is still unknown. Hence, it has to be concluded that interactions in other

tissues and under other study conditions, especially toxin doses and route of entry into the

body, needs to be further clarified.
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ZUSAMMENFASSUNG

Kristin Kullik

WECHSELWIRKUNGEN ZWISCHEN DEM MYKOTOXIN DEOXYNIVALENOL
UND LIPOPOLYSACCHARIDEN AUF DEN PROTEINSTOFFWECHSEL UND DAS

IMMUN SYSTEM VON SCHWEINEN

In nördlich gemäßigten Regionen ist das Getreide häufig mit dem Fusarium Toxin

Deoxynivalenol kontaminiert. Dies kann nicht vollständig verhindert werden. Das

Standardfutter für Schweine enthält vornehmlich Weizen, Gerste und Mais. Daher ist das

Risiko, dass Schweine diesem Mykotoxin ausgesetzt sind besonders hoch. Abgesehen davon,

ist das Schwein die als am anfälligsten geltende Spezies bezüglich einer Exposition mit DON,

die nach einer Belastung mit hohen Toxindosen Vergiftungserscheinungen wie

Futterverweigerung, Erbrechen und Diarrhoe zeigt. Die primären wirtschaftlichen Verluste

werden allerdings durch eine verminderte Lebendmassezunahme und reduzierte

Futteraufnahme nach einer chronischen Belastung mit moderaten DON Gehalten verursacht.

Die primäre toxische Wirkung von DON ist die Hemmung der Proteinsynthese durch

Wechselwirkungen mit der 60S Untereinheit von eukaryotischen Ribosomen und die

Modulation des angeborenen Immunssystems. Es wird angenommen, dass diese

Wirkmechanismen für eine verminderte Resistenz des Wirtes gegenüber Pathogen-assoziierte

molekulare Muster (engl. PAMPs), wie zum Beispiel Lipopolysaccharide (LPS)

verantwortlich sind. LPS sind intrinsische Bestandteile der äußeren Membran von gram-

negativen Bakterien, welche ubiquitär in den Futtermitteln und der Umgebung in der

Schweinhaltung aber auch im Darmlumen der Tiere vorkommen. Ähnlich wie DON,

aktivieren LPS das angeborene Immunsystem, was teilweise über einen ähnlichen

molekularen Wirkmechanismus geschieht. Daher sind Wechselwirkungen zwischen DON und

LPS auf das angeborene Immunsystem und den Proteinstoffwechsel möglich. Dies konnte

teilweise in Zelllinien und Nagern, welchen hohe Toxindosen verabreicht wurden, bestätigt
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werden. Bei Schweinen wurden diese Beeinträchtigungen allerdings noch nicht in vivo

untersucht. Deshalb zielt die vorliegende Arbeit auf die Untersuchung der Wechselwirkungen

zwischen DON und LPS auf die in vivo Proteinsynthese in Geweben, welche eine bestimmte

Rolle bei der Entzündung und Toxinausscheidung spielen, sowie auf ausgewählte

immunologische Parameter ab.

Für diesen Zweck wurden 36 männlich kastrierte Schweine einer Zweirassenkreuzung

(Deutsche Landrasse × Pietrain) verwendet, welche entweder mit einem natürlich mit DON

kontaminierten Futter (3 mg DON/kg Futter) oder mit einem unkontaminierten Kontrollfutter

für 5 Wochen gefüttert wurden. Am Tag der Probensammlung und der Bestimmung der

Proteinsynthese wurde den Schweinen, welche das Kontrollfutter erhielten entweder eine

einstündige Infusion mit physiologischer Kochsalzlösung, 100 µg DON/ kg Lebendmasse

(LM), 7.5 µg LPS/kg LM oder eine Kombination der beiden Toxine mit der jeweils selben

Dosis wie die individuelle Infusion, verabreicht. Schweinen, welchen DON kontaminiertes

Futter gefüttert wurde, wurden in zwei Gruppen unterteilt, welchen entweder physiologische

Kochsalzlösung oder 7.5 µg LPS/kg LM über eine Stunde infundiert wurde. Die

Auswirkungen von DON und LPS auf die Proteinsynthese im Gewebe und die Synthese von

den Akute Phase Proteinen Albumin und Fibrinogen wurden mittels einer “flooding dose” des

Stabilisotopes L-[
2H5]-phenylalanine gemessen. Diese Technik wurde ebenfalls für die

Bestimmung der Proteinsynthese in peripheren mononuklearen Blutzellen (engl. PBMC),

welche zu den primären Angriffszielen von DON und LPS zählen, angewendet. Außerdem

wurde mittels MTT Untersuchung die zelluläre Lebensfähigkeit der PBMC untersucht. Um

die LPS mediierte Akute Phase Reaktion zu verifizieren, wurden die Serumkonzentrationen

von den proinflammatorischen Zytokinen Tumor Nekrose Faktor alpha (TNF-α) und

Interleukin 6 (Il-6) und dem antiinflammatorischem Zytokin Interleukin 10 (Il-10) bestimmt.

Selbst wenn den Schweinen ein DON kontaminiertes Futter mit einer ungefähr dreifach

höheren DON-Konzentration als es der Grenzwert für Ergänzungsfutter- und

Alleinfuttermittel für Schweine vorschreibt, gefüttert wurde, war die alleinige Verabreichung

von DON unzureichend, um die Proteinsyntheseparameter im Gewebe und die der Albumin-

und Fibrinogensynthese und die metabolische Aktivität und zelluläre Lebensfähigkeit der

PBMC zu beeinflussen. Desweitern konnten durch DON keine Auswirkungen auf die

Serumkonzentration von TNF-α, Il-6 und Il-10 beobachtet werden. Daher kann aufgrund der
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gemessenen Parameter geschlussfolgert werden, dass die alleinige DON Belastung nicht in

der Lage war messbare immunmodulatorische Wirkungen auszulösen. Im Gegensatz dazu,

rief die Verabreichung von LPS, ungeachtet einer DON Ko – oder Präexposition, deutliche

Effekte auf den hepatischen Proteinstoffwechsel hervor, was dem Anschein nach in direktem

Zusammenhang mit der LPS mediierten frühen Phase der Akute Phase Reaktion stand. Dies

kann durch den beobachteten typischen Abfall der Albuminsynthese, der unveränderten

Fibrinogensynthese und den Veränderungen der Zytokinkonzentrationen untermauert werden.

Nichtsdestotrotz, könnten die gemessenen Veränderungen der Sekretionszeit von Albumin

durchaus auf Wechselwirkungen zwischen DON und LPS bezüglich der Beschädigung von

Hepatozyten hindeuten. Dies muss allerdings kritisch betrachtet werden, da die Relationen

teilweise kein signifikantes Niveau erreichten. Außerdem war es nicht möglich eine Aussage

über die portale hepatische Exposition mit DON und LPS zu treffen, da lediglich peripher

venöses Blut entnommen wurde. Abgesehen davon konnten in PBMC, ungeachtet einer DON

Ko- oder Präexposition, LPS mediierte zytotoxische Effekte durch die gemessene verminderte

zelluläre Lebensfähigkeit verifiziert werden, wobei die Hemmung der Proteinsynthese

unterschiedlich ausgeprägt war. Lediglich in der Milz und dem Dünndarm verstärkte die

intravenöse Koexposition mit DON die Auswirkungen von LPS auf einige

Proteinsyntheseparameter, wobei eine chronische Präexposition mit DON die Effekte von

LPS in der Milz abmilderte. Allerdings gab es keine signifikanten Unterschiede zwischen den

einzelnen LPS Gruppen und der zugrundeliegende Wirkmechanismus der genannten

Beeinträchtigungen ist nach wie vor unbekannt. Daher muss geschlussfolgert werden, dass

Wechselwirkungen in den anderen Geweben und unter anderen Studienbedingungen,

insbesondere der Toxindosen und der Eintrittswege in den Körper, weiterhin abgeklärt

werden sollten.
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