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The role of lipids and perturbations of lipid metabolism in NASH cannot be over­

emphasized. In addition to direct damage, the products of disordered metabolism enter 

into a negative feedback loop, which drives other factors involved in pathogenesis of 

NASH such as JR, inflammation and cytokine induction. Since excessive oxidant 

production depletes hepatocytes of necessary antioxidants such as glutathione (Harrison 

and Diehl, 2002), excessive oxidative stress becomes a sell~reinforcing phenomenon. 

2.2.3 Role IIIf,/anlmllt",," and cytlokll'le pl'oduct,;on 

LP products upregulate adhesion molecules and are potent chemoattrack1nts lor 

neutrophils (Pessayre et at, 1999), which may explain the PMN infiltrate observed in 

NASH. Superoxide anion (0,'·) and nitric oxide (NO) produced by PMN in tum induce 

further lipid peroxidation, and playa direct role in of liver injury by 

stimulating collagen synthesis in HSC, propelling the liver to a fibrotic state (Casini, 

1997). It has been hypothesized that 4-HNE is also a potent activator of Kupffer cells 

(Luckey and Petersen, 2001), which in tum produce reactive oxygen and nitrogen species 

(Videla et aI., 2003). 

Much of the damage recorded in liver injUry is mediated by recruited and resident 

inflammatory cells. The role of J\.UpW':f cells is gaining prominence. In a carbon 

tetrachloride (CCI,) model of liver cirrhosis, inactivation of Kupffer cells by gadolinium 

chloride (GdCI ,) decreased serum aminotransferases, lipid peroxidation and collagen 

deposition (Muriel and Escobar, 2003). In an animal model of alcoholic liver disease 

(Jarvelainen el at., 2000), GdCl, alleviated steatosis and induction of cytochrome P450 

ZEI (CYFZE1). It is believed the deleterious effect of Kuppfer cells is mediated in part 

through disordered cytoldne production. Cytokines are pleiotropic regulatory peptides 

that may be produced by virtually every nucleated cell to modulate its local environment 

in response to inflammatory Or immunological challenge (Tilg and Diehl, 2000; Raeburn 

et al. 2002). Evidence in support of the role of cytokines in NAFLDINASH may Jie in 

32 
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the fact that numerous pathological features associated with NAFLDINASH, and 

attributable to LP, may also be caused by cytokines (Day, 2002a). Thus cytokines may 

cause hepatocyte injury, necrosis and apoptosis (tumour necrosis factor alpha [TNFa]), 

are chemotactic for neutrophils (interleukin 8 [ll--8]), may activate hepatic stellate cells 

(TNFa, transforming growth factor beta [TGF~)) and may facilitate formation of Mallory 

bodies (TGF~). 

There are a number of stimuli or "hits" capable of setting in place the cytokine cascade 

relevant to NAFLDINASH. As discussed above, LP linked to high levels of free fatty 

acids (FFA) mobilized from a large adipose mass (as seen in NASH associated with 

obesity) may be chemotactic for, and activate, PMN and Kupffer cells. Kupffer cells may 

also be activated by circulating endotoxin or lipopolysaccharide (LPS). Elevated levels of 

LPS have been noted in patients with NASH, and may be a consequence of intestinal 

bacterial overgrowth as encountered in patients who have undergone surgical treatment 

for morbid obesity (Wigg el al., 2001). LPS represents the main outer membrane 

component of gram negative bacteria, which is released during bacterial replication and 

lysis. Its structure, shown below, is amphiphillic and tripartite. Lipid A, which is 

responsible for LPS biological activity, is a ~ 1,6-linked D-glucosamine disaccharide 

backbone with six or seven attached acyl residues to anchor the structure to the membrane 

(though the length, position and number of these fatty acids may vary). The minimal 

requirement for lipid A bioactivity (i.e. the cytokine inducing capacity) is a molecule 

having two gluco-configurated hexosamine residues, two phosphoryl groups and six fatty 

acids (as seen in Escherichia coli). Core polysaccharide is a branched polysaccharide of 

9-12 sugars, which is essential for bacterial viability; it is the same within any gram 

negative bacterial species. O-antigen is a linear sequence of repeating oligosaccharine 

units which distinguishes baterial serolypes (Ulmer et aI., 2002). 
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Lipopolysaccharide 
Polysaccharide Phospholipid -, 

O·Speclflc Chain Ii Outer Core -, rlnner Core --, r-- Lipid A ---, 

Fig 2.2.1: Structure ofLPS. Reprinted with permission from Ulmer el at., © 2002 Trends 
Glycosc. Glycotech 14(76): 53-68. 

After penetration of LPS through the intestinal barrier, it is transported to the liver bound 

to LPS binding protein (LBP). Kupffer cells are primarily responsible for hepatic 

clearance of LPS, mainly via interactions of LBP with CD14 receptors, but also via Toll-

like receptors, possibly assisted by activated nuclear factor-K~ (NFK~). Other factors 

involved in LPS binding which are beyond the scope of this chapter are shown in figure 

2.2.2. 
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0 OPI-anc.hor I 06-0111 domain @ CARO (CMpase roCfO,lmcnt ) domain 

til TmnamemDial\e domain G Kinase domain 0 ITAM (immune receplO, [,'OSlne- bMOd nclivating mOlIf) 

I TIRdom2lin ~ Lel.lCio-rich Icglon ~ NeO (nl.lCItOf Dlndung) aomain 

Fig. 3. Endotoxin recognition and signaling in monocyteslmacrophages by the raft-associated LPS- receptor 
complex. The main LPS sign.ling palhway lhrough TLR is boxed. 

Fig. 2.2.2: Monocyte/macrophage endotoxin recognition and signalling. Reprinted with 
permission from Ulmer et at., © 2002 Trends Glycosc. Glycotech 14(76): 53-68. 

Binding and endocytosis of LPS activates Kupffer cells and results in the synthesis and 

secretion of cytokines such as TNFa, which promotes apoptosis and is pro-inflammatory 

via a feedback induction of more TNFa, IL-l ~ and chemokines (Casini, 2002; Raeburn et 

at., 2002; Ulmer et at., 2002). IL-I ~ is proinflammatory via induction of itself, TNFa, 

COX-2 and inducible nitrogen oxide (iNOS), which upregulates NO synthesis. NO may 

react with macromolecules, free metal ions and free radicals (Morio et at., 200 I; Parolo 

and Robino, 2001) to generate harmful reactive nitrogen intermediates (RNI). IL-l ~ also 

induces expression of adhesion molecule (IeAM-I). In addition, TNFa and IL-l ~ induce 

the pro- / anti-inflammatory cytokine JL-6 (which is crucial for induction of acute phase 
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activity, enhancing serine phosphorylation of IRS 1 (Kim, 2003). It has also been 

hypothesized that increased fatty acid concentration results In elevation of 

intramitochondrial cetyl CoAfCoA and NADHlNAD+ ratios, leading to inactivation of 

pyruvate dehydrogenase. This causes increased citrate concentrations, leading to 

inhibition of phosphofructokinase. Subsequent increases in cellular glucosc -6-phosphate 

concentration inhibit hexokinase IT activity, which result in increased intracellular glucose 

concentration and decreased muscle glucose uptake (Randle et aI., 1963). However this 

model has been increasingly challenged (Schulman, 2000) in favour of the IRS 

phosphorylation model described above. In any case, it is possible to speculate on a role 

for excessive FFA on development of hepatic IR. In addition, PUFA (probably via active 

metabolites such as eicosanoids) direct activation of peroxisome proliferator-activated 

receptor alpha (PPARa). 

2.2.5PPARs 

PPARs are members of the nuclear hormone receptor superfamily, a group of nuclear 

proteins which mediate the effects on DNA of small lipophilic compounds such as 

steroids, retinoids, bile and fatty acids, oxidized phopholipids, fibrates and 

thiazolidinediones (Kersten, 2002). The three isotypes so far identified (denoted a, fl and 

y) are grouped together based on a common structural motif consisting of a central DNA­

binding domain containing two zinc fingers and a large C-terminal domain that binds 

ligand (Aranda and Pascual, 2001). Only PPARa activates DNA transcription in 

response to peroxisome proliferators. 

Activation of PP ARa generally leads to induction of a host of genes encoding proteins for 

lipid transport, oxidation W- form, but also (i)-oxidation, possibly through CYP4A) and 

thermogenesis. The importance of PP ARa cannot be overemphasized, therefore, and 

nullizygous PPARa'" mice develop fatty liver, elevated blood triglycerides and 
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glucose-6-phosphate (see below), 

Plasrrk1 glucose (via GLUT 4) --I ..... 'ntracellular glucose 
(via Hexokinase ll) 

Glucose-6-phosphatc --II> UDP-glucosc (via glycogen synthase) 

1 
Glycogen 

It has therefore been suggested that in affected subjects, impaired plasma glucose 

transport into the cell (conducted by glucose transporters, mainly GLUT4) rather than 

phosphorylation (catalyzed by hexokinase In is predominantly responsible for control of 

muscle glycogen synthesis in IR and diabetes, GLUT4 expression is normal in skeletal 

muscle of obese and diabetic patients, and it is believed that defects in glucose transport 

may be as the result of impaired translocation, docking or fusion of GLUT4 containing 

vesicles with the plasma membrane, This may result from increased activity of PP ARa, 

TNFa, and/or increased plasma fatty acid concentrations, tying the mechanisms at play in 

IR once again to those also involved in development of steatosis, Differences in delivery 

of substrate or insulin to the tissue bed arc not believed to have a role in IR (Schulman, 

2000; Kersten, 2002), 

The role of other PPARs in IR is less cleaL It is possible that PPARI3 could also playa 

role, as it has been implicated in lipid metabolism (primarily in nerve cells) and 

differentiation of pre-adipose tissue (Kersten, 2002), However, since this PI' AR isotype 

still remains an enigma, any role in ~AFLD can only be speculated upon, 

PPARy regulates genes involved in insulin action and adipogenesis (differentiation of pre-

adipocytes into mature fat cells or adipoeytes), inhibits leptin and TNFa (Le Roith and 
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Table 2.2.1: 
CYP4 Function Encoded known 

CYPI metabolism 

CYP2 and steroid metabolism 

CYP3 metabolism 

CYP4 
CYPS 
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CYPSI 
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(a such as flame-
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the action CYP450 and and 2001). 
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subfamily present as suitable catalytic alternatives, and are also capable of reducing 

oxygen to superoxide (0,'-) and H,O, (Leclercq, 2000; Robertson el aI., 2001)_ 

It is likely the full explanation for the effects of CYF2El is not yet !mown_ The 

regulation of this enzyme is complex, taking place through transcriptional activation (as 

with ethanol and MCDD), messenger RNA (mRNA) stabilization, increased mRNA 

translatability and decreased protein degradation - which also plays a role in ethanol­

mediated regulation (Koop and Tierney, 1990; Roberts el ai., 1995; Weltman el aI., 

1996). Enzyme activity is to some extent independent of transcriptional activity 

(Rodriguez-Antona el aI., 2001), thus it would be intriguing to elucidate all the factors 

that regulate both in NASH. In models of alcohol-induced hepatotoxicity, it has been 

noted that inactivation of Kupffer cells alleviates CYF2EI induction (Jarvelainen el aI., 

2000); perhaps this interaction plays a role in NASH, too. Investigations of primary 

cultured rat hepatocytes also show that "normal" insulin activity suppresses CYF2EI 

transcription in a dose-dependent fashion, and half-life of CYF2El mRNA is decreased 

from -48h to -ISh at lOnmolL" insulin (Woodcroft el aI., 2002). It is likely that this 

interaction is relevant in the context ofIR and elevated CYF2El in NASH. 

2.3 Progression to Hepatic Fibrosis 

Although there is disparate information regarding risk factors for fibrosis and rate of 

fibrosis progression in NASH (see 1.1), the molecular and morphological changes that 

herald fibrosis are fairly well understood. It is appreciated that the overall increase in 

hepatic extracellular matrix (ECM) is vital, revolving mainly around changes in matrix 

composition within the subendothelial space of Disse (see Fig. 2.3.1). In normal liver, 

this space contains constituents that are not electron dense, a mesh of ECM that provides 

cellular support, allows unimpeded transport of growth factors and provides signals to 

maintain the differentiated function of surrounding cells (Friedman, 2003). However in 
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(A) 

(8) 

Figure 2.3.1: Changes during fibrosing liver injury. (A) Normal sinusoidal architecture with HSC 
(blue) containing vitamin A. Hepatocytes (pale pink) possess microvilli, and endothelial fenestrae 
(endothelial cells in dark pink) are still present. (B) During fibrosis, HSC proliferate and are 
surrounded by fibrillar matrix. Endothelial fenestrae and hepatocyte microvilli are lost. 
Reprinted with permission of the European Association for the Study of the Liver. Friedman, © 
2003 1. Hepatology 38: S38-S53. 
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INmATION 

RESOLUTION 

APOPTOSIS? 

PROLIFERATION 

LEUKOCYTE 
CHEMOTAXIS 

PERPETUATION 

CONTRACTILITY 

MMP-2 ) 

PD~ 
M~~~l ~ 

RETINOID LOSS 

HSC CHEMOTAXIS 

Figure 2.3.2: Pathways of HSC activation and pathways to resolution. Response to injury is HSC 
activation by a two-step process of initiation and perpetuation. Resolution of fibrosis may occur 
by reduction of HSC number by apoptosis, and reversal of activated HSC to quiescent phenotype. 
Reprinted with permission of the European Association for the Study of the Liver. Friedman, © 
2003 J. Hepatology 38: S38-S53. 

The critical event in early hepatic fibrosis is HSC activation, the conversion of quiescent 

vitamin-A storing cells into proliferative, fibrogenic and contractile myofibroblasts 

(Friedman, 2003). Its features include cell enlargement, increased rough endoplasmic 

reticulum, loss of vitamin A, proliferation, increased expression of smooth muscle-type 

features (such as a-smooth muscle-specific actin), and increased production of matrix 

constituents. Activated HSC express elevated receptors for proliferative and 
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profibrogenic eytokines such as platelet derived growth factor (PDGF), and TO Fa 

respectively, making them even more responsive to these peptidcs, Kupffer cells are 

thought to be the main source of these cytokines in this event Kupffer cell activation 

coincides with appearance of HSC activation markers, Kupffer cells stimulate matrix 

synthesis, eell proliferation and release of retinoids by HSC through the action of lipid 

peroxidation products, reactive oxygen intermediates, matrix metalloproteinase 9 and 

cytokines, most notably TOFfJ (Friedman, 2003). In vitro, exposure of HSC to medium 

from Kupffer cell cultures accelerates the process of activation. Hepatocytes and 

leukocytes may also be sources of initiating factors, For example, neutrophils produce 

reactive species when activated, which may directly promote collagen synthesis (Casini, 

1997), Lymphocytes such as CD4+ T helper cells (Th) are also potent sources of 

cytokines, although their role has been largely overlooked in fibrogenesis associated with 

liver disease. Available infonnation however appears to indicate that Th2, the subclass of 

Th cells which produce cytokines such as IL-4, IL-6 and IL-13, and promote 

humoral immunity, favour tlbrogenesis in liver injury over Thl (which secrete 

proinflammatory cytokines and playa role in cell-mediated immunity [Shi el aI., 1997]), 

The activated HSC arc pe.rp"/ua/,,d by direct effects of autocrine and paracrillc mediators, 

PGDF and TGFfJ continuc to play major roles, as may LP products, and, at least in 

alcoholic liver injury, toxic metabolites such as acetaldehyde (which stimulates collagen 

production). Changes in the microenvironment may also perpetuate the activated state, It 

is kno"m that HSC cultured on gel resembling nonnal subcndothelial matrix remain 

inactivated for prolonged pcriods; activation occurs rapidly, however, if they are cultured 

on gcl containing type I collagen, Some authors also suggest changes in the 

microenvironment of the space ofDisse may be promoted by degradation of collagen type 

IV (matrix component of the space 10 uninjured liver), This occurs as a result of secretion 

of type IV collagenase by activated HSC. Although activated HSC are depleted In 
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(the inducer of lipid transport and oxidation genes, as described under 2.2.5). PPARy 

regulates genes involved in insulin action and adipogenesis (differentiation of pre­

adipocytes into mature fat cclls or adipocytes), inhibits leptin and TNFa (Lc Roith and 

Zick, 2001). Although a PPARy agonist has been used to improve TR by reducing IRS! 

phosphorylation in cultured cells and Zucker rats, and rosiglitazone (a PPARy ligand) 

shows nrc,m;"e in a recent NASH clinical trial (Jiang et aI" 2003; ?-:cuschwander-Tetri et 

aI., 2003), thcre appears to be no data on investigations which may shed light on its role, 

if any, in the mechanisms involved in progression to fibrosis. 

Indeed, studies specific to the fibrogenic response in NASH are scant A recent study 

showed that connective tissue growth factor (CTGF) is over-expressed in liver of patients 

with NASH, that this expression correlated with degree of fibrosis, and was upregulated 

by insulin (Paradis el aI., 200 I). The absence of a correlation between leptin levels and 

the severity of fibrosis in patients with NASH (Chitturi el ai .. 2002) is also very 

interesting; this probably indicates a role for other mediators in the fibrogenic response. 

Recently, a study in oblob mice showed the necessity for norepincphrine (a lcptin-

inducible neurotransmitter which in turn .~,~, ",,~. leptin, and is also secreted by In 

the development of fibrosis, even in leptin sufficiency (Oben el aI., 2003). The emerging 

picture is still obscure, and highly complex. Much remains to be understood about the 

factors that dnve a steatotic liver to the fibrotic state in the context of NASH. 
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great inconsistency with regard to the amount of alcohol considered "insignificant" during 

a diagnosis of NASH (see 1.1). The central aim of this project was, therefore, to 

investigate the effect of low and high dose alcohol on a fatty liver. 

The role of TNFa (which is known to be pivotal in alcoholic liver injury) has also been 

speculated upon (Tilg and Diehl, 2000; Day, 2002a). As discussed previously (see 2.2.3, 

2.2.4), TNFa is in many ways the ultimate pro-inflammatory cytokine. It is vital in 

propagation of the inflammatory process, drives oxidative processes (both beneficially 

and detrimentally), regulates metabolic processes by interacting with transcription factors, 

and is instrumental in development of lR by this means. However, although the utility of 

TNFa suggests a central role for this cytokine in NASH, the question of redundancy has 

not (to the knowledge of this investigator) been critically addressed in the literature. Two 

studies (using TNFa knockout mice and LPS as a second hit, respectively) were 

conducted to address the possibility that TNFa (though vital) may not be an absolute 

driving force behind the pathogenesis of NASH. 
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Materials 

Animals 

Young adult male C57BL6 mice for all studies were obtained from National Health and 

Laboratory Services, South Africa. For assessment of effect of differing storage 

conditions on C¥P2EI activity, male C57BL6 mice were obtained from the Hatter 

Institute, UCT. 

Diels 

Both the MCDD and Control diets were from ICN Biomedicals. Composition of both 

diets is detailed in Appendix 1. 

Chemicals 

Unless otherwise specified, all reagents and chemicals were of analytical grade. Reagents 

for which company names are not indicated were obtained from other laboratories and 

were products of internationally established companies. 

10% neutral formalin 
Aniline - Sigma 
Anti FI480 - BMA 
Anti-4-HNE - Oxis Research 
Anti-CD 19 - PharMingen International 
Anti-CD 8 - PharMingen International 
Anti-CD4 - PharMingen International 
Anti-rat IgG conjugated with Texas Red - PharMingen International 
Aspartic acid 
Avidin Biotin complex - Vector Laboratories, DAKO Corporation 
Biotinylated NK1.1 - PharMingen International 
I-Butyl hydroperoxide - Sigma 
Butylated hydroxy toluene -Sigma 
Chloramine T trihydrate- Merck 
Chloroform - BDH 
Citric acid - BDH 
CuS04.5H,O - BDH 
Cyclohexane - BDH 
DAB - DAKO Corporation 
EnteUar" Mounting Medium - Merck 
Ethanol- Scharlau 
Ethylenediamine tetracetic acid (EDT A) - BDH 
(NH.),Fe(S04)' (Ferrous ammonium sulphate) - Saarchem, Merck 
FeCI, - Fluka 
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FITC conjugated rabbit anti-mouse IgG - PharMingen International 
Fluorescent mounting medium - OAKO Corporation 
Folin-Colciteau phenol reagent - Merck 
Glacial CH,COOH - Merck 
Glucose 6-phosphate - Sigma 
Glucose 6-phosphate dehydrogenase - Wellington 
Glycerol- Sigma 
Glycine - BOH 
HCI-BOB 
Human serum albumin - Sigma 
Hydrogen peroxide 30% (w/w) solution - Sigma 
Hydroxyproline 
K,HPO. - Merck 
KCI - Saarchem, Merck 
KH,PO. - Merck 
Lactate dehydrogenase 
L-alanine 
Malate dehydrogenase 
Methanol- BOB 
MgCl, - Saarchem 
Na,CO, - Saarchem 
NaCi - Saarchem, Merck 
NADH (Nicotinamide Adenine Dinucleotide, reduced form) - Sigma 
NaH,PO. - Merck 
NaN, - Sigma 
NAOH-BOB 
Nicotinamide adenine dinucleotide phosphate (NADP) - Sigma 
n-propanol- Merck 
OCT compound - Sakura 
Oxaloacetic acid 
p-Aminophenol - Merck 
p-Dimethlyaminobenzaldehyde (Erhlich's reagent) - Sigma 
Perchloric acid - Merck 
Phenol- Merck 
Phospholipid by choline kit - Roche 
Polyclonal rabbit anti-mouse TNFC1- PharMingen International 
Rat anti-mouse/rat TNFC1- PharMingen International 
Recombinant TNFC1- PharMingen International 
Sodium dodecyl sulphate (SDS) - BOB 
Streptavidin Cy3 - Sigma 
2-Thiobarbituric acid - Sigma 
Trichloroacetic acid - Merck 
Triglyceride kit - Roche 
Triton X-tOO - Merck 
Vectastain ABC Elite kit - Vector Laboratories 
Xylenol orange - Sigma 
Xylol/Xylene 
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3.1 Measuremeut of Aminotrausferases 

Aminotransferase refers to the class of enzymes that catalyze interconversions of amino 

acids and a-oxoacids by transfer of amino groups. Hepatic injury results in release of 

these enzymes, often even before symptoms of liver disease become apparent (Tietz, 

1987). Aminotransferases were measured as described by Tietz (1987), as an indication 

of ongoing hepatic injury. 

3.1.1 Sample preparation 

Serum was obtained at time of sacrifice by centrifugation of collected blood in a Jouan 

MR-1812 centrifuge at 857g for 15min. 

3.1.2 Alanine aminotransferase (ALT) 

ALT catalyses the transfer of an amino group from L-alanine to a-oxoglutarate (with help 

ofpyridoxal-5'-phosphate, P-5'-P), to generate pyruvate and L-glutamate. Since activity 

of aminotransferases is difficult to measure directly, this assay assesses activity indirectly 

by quantitation of pyruvate via lactate, as shown: 

a-oxoglutarate L-alanine Lactate NAD+ 

~ ,/ '" / 
/ ALT~ ~dehYdrogenaS~H) 

L-glutamate Pyruvate NADH + H+ 

Aminotransferase buffer (l3.6g KH2PO" 3.3g NaOH in 1 litre distilled H20, pH 7.4) and 

oxaloacetic acid (O.73g oxaloacetic acid in 30ml buffer, pH 7.4, adjusted to a final volume 

of 50ml) were prepared and stored at 4°C and -20°C, respectively. 
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A cocktail of 36mg NADH, 19m1 buffer, 50ill1actate dehydrogenase (25mg/2.5ml H20) 

and L-alanine (7.6g L-alanine in 100ml buffer, pH 7.4) was prepared fresh. 650ill 

cocktail was mixed with 50ill serum. The mixture was left at room temperature for 

15min to allow NADH-dependent reduction of endogenous oxoacids. Thereafter, 50ill 

oxaloacetic acid was added, samples were vortexed, and absorbance was read at 340nm 

every 30sec for 5min. The catalytic activity (quantity of enzyme that catalyzes reaction 

of lilml substrate per min) was represented as UIL. 

3.1.3 AsparUlte aminotransferase (AST) 

The principle underlying measurement of AST is similar to that for AL T (Tietz, 1987). 

However, AST catalyzes the transfer of amino groups from L-aspartate to a-oxoglutarate, 

generating oxaloacetate and L-glutamate. The assay therefore indireetly measures AST 

activity by quantitation of oxaloacetate via L-malate production, as shown: 

a-oxoglutarate L-aspartate L-malate NAD+ 

~ / " / 
/ AST'lt ~ehYdrOgenaSe~H) 

L-glutamate a-oxaloacetate NADH + H+ 

AST was measured only for L TS samples. Aspartic acid solution (pH 7.4) was prepared 

by dissolving 2.66mg aspartic acid in lOOml aminotransferase buffer. Malate 

dehydrogenase (MDH) was prepared to a concentration of 5mgmr' in distilled water. 

Oxaloacetic acid solution was prepared by dissolution ofO.735g oxaloacetic acid in 50ml 

buffer; this was stored in 5ml aliquots at _20°e. 
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The reaction cocktail was 36mg NADH, 19m1 buffer, 4.5ml aspartic acid solution and 

50111 MDH. 65°111 of cocktail were mixed with 50111 serum and equilibrated at room 

temperature for l5min. Subsequently, 50111 oxaloacetic acid was added, the mixture was 

vortexed and absorbance was read at 340nm every 30sec for 5min. CatalyTic activity was 

represented as U/L. 

3.2 Light Microscopy 

Tissue processing 

Tissue was processed at 37°C. A slice from the left lobe of the liver was immersed in two 

changes of 10% neutral formalin for 2h and 1 h, respectively. Tissue was then dehydrated 

in two changes of 96% ethanol (1 h each), followed by four 1 h changes of 100% ethanol. 

Dehydrated tissue was immersed in three changes (lh each) of xylol. Subsequently, 

tissue was passed through four changes of embedding wax (three changes at 45min each, 

one at 1 h). The tissue was then embedded in paraffin wax. 

Stains were conducted by standard techniques. They included hematoxylin and eosin 

(H&E) for overall assessment of liver injury and architectural disturbance, periodic-acid 

Schiff after diastase digestion (D/PAS) for assessment of debris-containing Kupffer cells, 

and sirus red (SR) for fibrosis. 

Sections were coded so they could be assessed and scored "blind", according to the 

system proposed by Brunt et at. (1999), with some modifications. The following factors 

were assessed: 

• Steatosis 
0: None 
1: Fat droplets in <33% ofhepatocyTes 
2: Fat droplets in 33-66% ofhepatoCyTes 
3: Fat in >66% of hepatoCyTes 
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• Inflammatory foci (focus defined as <!5 inflammatory cells) 
0: 0-3 
1: 4-9 in 20 high power fields (hpf, 40x) 
2: 10-19 in 20 hpf 
3: >20 in 20 hpf 

.Macrophages (as assessed by DIPAS) 
0: 0-3 
1: 4-9 aggregates in 20 hpf 
2: 10-19 aggregates in 20 hpf 
3: >20 aggregates in 20 hpf 

• Fibrosis 
0: None 
1: Zone 3 pericellular fibrosis 
2: As above, plus portal fibrosis 
3: As above, with bridging fibrosis 
4: Cirrhosis 

3.3 Immunofluorescence 

3.3.1 Tissue preparation 

A thin slice of tissue from the left lobe was placed with the cut surface down in a Tissue 

Tek" cryomold containing a thin layer of OCT compound (Sakura). Thereafter, tissue 

was covered carefully with OCT, allowed to freeze on dry ice, wrapped in tin foil and 

stored at -BOoC. Prior to staining, tissue was cut 5 flm thick at -20°C using a Leica CM 

IB50 eryostat, and affixed to APES coated slides. Tissue was air dried overnight and 

marked by circling with a diamond pencil. 

3.3.2 Staining for natural killer cell (NK)-specific surface markers (NK1.1) 

Sections were acetone fixed and air dried for 10min each. Non-specific binding due to 

endogenous biotin was blocked with I % avidin for 15min. Excess avidin was shaken off, 

and additional blocking was carried out with 0.01% biotin for 15min. After excess biotin 

was removed by shaking, tissue was incubated for 60min with 100fll of 1:100 biotinylated 

NK 1.1. Unbound antibody was removed by gentle washing with PBS at the end of the 

incubation period. Thereafter, tissue was incubated with 1001-'1 of I: 100 Streptavidin Cy3 
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for 60min in the dark. When the incubation period elapsed, tissue was gently washed 

with PBS and mounted with Fluorescent Mounting Medium. 

3.3.3 Macrophage-specific staining (F4/80) 

Tissues were fixed in acetone and dried as described (3.3.2). Blocking was carried out 

using normal goat serumlOOiJ.I (1:200) for 15min. Subsequent staining was carried out in 

the dark for 60min using 100iJ.I of a I: 100 dilution of rat anti-mouse F4/80. After 

incubation, tissue was washed with PBS and incubated for 30min with goat anti-rat IgG 

conjugated with Texas Red (long term study, see 4.5). As this antibody was unavailable 

for later investigations, FlTC conjugated rabbit anti-mouse IgG was used for fluorescent 

detection of macrophages in the LPS study (see 5.5). After incubation, tissue was 

mounted and viewed as above. 

3.3.4 Staining for CD4, CD8 and CD 19 positive cells 

Tissue was fixed and dried as above. Non-specific binding was blocked with 5% bovine 

serum albumin for 15min, after which tissue was incubated for 90min in the dark with 

either FlTC conjugated anti-CD4 for detection ofT helper cells, anti-CD8 for detection of 

T cytotoxic cells or anti-CD 19 for detection of B cells. 

3.4 Biochemical Quantitation of Collagen by Hydroxyproline 

Collagen was measured biochemically by quantitation of hydroxyproline (an imino acid 

found exclusively in collagen) essentially according to the method of Reddy and 

Enwemeka (1996). 100iJ.I of liver homogenate (see Materials and Methods 3.5.1) 

previously washed in 2: I methanol/chloroform, and hydroxyproline standards (Table 3. I), 

were hydrolysed in 50iJ.l of 2N NaOH by autoclaving for 20min at 120°C. Liberated 

hydroxyproline was subsequently oxidized to the pyrrole by addition of 450iJ.I 0.56M 
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chloramine T (prepared in 20ml 50% n-propanol and 80m! acetate citrate buffer (l20g 

sodium acetate trihydrate; 46g citric acid; 12ml acetic acid; 34g sodium hydroxide) no 

more than two days before use, and stored in the dark), followed by 25min incubation at 

room temperature. Development of a chromophore was encouraged by addition of 500J.lI 

freshly prepared Ehrlich's Reagent (l5g p-dimethylaminobenzaldehye in 100ml 2:1 v/v n-

propanollperchloric acid) and incubation at 65°C for 20min. 

Table 3.1: Hydroxyproline Standards 
Stock: D-Hydroxyproline [1J.lgJ.lr l

], though assay not stereospecific 

Vol. Stock Vol. Water Vol. 4N Total Vol Mass of 

II·ll] 1).111 NaOH 1).111 I ).III Hydroxyproline 

1).121 
0 25 25 50 0 
5 20 25 50 5 
10 15 25 50 10 
20 5 25 50 20 
25 0 25 50 25 

3.5 Measurement of Hepatic and Serum TG, Phosphatidylcholine and Lipid 

Peroxidation 

3.5.1 Tissue processing 

Liver samples were thawed on ice, after which approximately 70mg of each liver sample 

was homogenised on ice in 2ml chilled SEAP (0.15M NaCl, 0.002M NaH,PO" O.Olg% 

NaN), O.OOIM EDT A) using a Virtis Handishear". Subcellular structure was completely 

destroyed in the resulting homogenate with sonication (twenty Isec bursts) using a Virtis 

Virsonic". 0.8ml of homogenate which was utilised for measurement of lipid 

peroxidation, and the remainder was aliquoted (600J.ll per tube) and stored at -70°C. 

3.5.2 Lipid extraction 

Hepatic lipids were extracted according to a modification of the Folch technique (Bligh 

and Dyer, 1959). The method is an improvement on the original method described by 
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Folch (1957), which used large volumes and was time-consuming, making it 

inappropriate for lipid peroxidation studies. The principle underlying the technique is that 

tissue in a monophasic solution of chloroform and methanol separates into a biphasic 

system when diluted with chloroform and an aqueous solvent. The lipid fraction remains 

in the non-aqeous phase (chloroform), while the aqueous methanol eontaining phase holds 

non-lipid impurities 

To 0.8ml homogenised liver or rodent chow was added 2ml ehilled methanol and Iml 

chilled chloroform. The mixture was vortexed for 20sec and subjected to centrifugation 

for 15min (2 056g, 4°C) in a Beckman GS-6R centrifuge. The resulting supernatant was 

transferred to a clean tube on ice. The remaining pellet was then washed by addition of 

2ml methanol, I ml chloroform and 0.8ml SEAP, vortexed and subjected to centrifugation 

as described above. A phase split was effected to remove non-lipid impurities from the 

pooled supernatant by addition of 2ml chloroform and 2ml SEAP. The mixture was 

vortexed and subjected to centrifugation for lOmin (2 056g, 4°C). The upper (aqueous) 

phase was removed by suction, leaving an organic phase that was dried at room 

temperature under nitrogen gas in a Pierce Reacti-therm module. The dried extract was 

then re-suspended in 2001-'1 chloroform and aliquoted into tubes containing 201-'1 each. 

The solvent was dried completely (in the dark) to prevent contamination of subsequent 

assays by chloroform. The measured mass of lipid extracted was often influenced by 

protein dust and other insoluble debris, which collected on the walls of tubes, and could 

not be removed. As a result of this, the coefficient of variation (measure of consistency) 

for the mass of extracted lipid ranged from 6-19%; the presumed mass of lipid extracted 

from each liver has therefore not been recorded for any study. 

3.5.3 Hepatic and serum TG 

Hepatic TG were measured according to the method of McGowan el at. (1983), using a 

commercial kit. Hydrolysis of TG is catalyzed by lipase to produce glycerol and free 
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fatty acids. The glycerol generated is then phosphorylated to glycerol 3-phosphate (G3P) 

by adenosine 5'-triphosphate, in the presence of glycerol kinase. Subsequent oxidation of 

G3P to produce hydrogen peroxide and dihydroxyacetone phosphate is catalyzed by L-a­

glycerophosphate oxidase. The chromogenic indicator is a quinoneimine fonned from a 

reaction between hydrogen-peroxide, 4-aminophenoazone and 4-chlorophenol, under the 

influence of a peroxidase. 

Standards were prepared by mixing an appropriate amount of commercial standard 

(200mgdr') with requisite volumes of 0.9% NaCI, as described in Table 3.2. Standards 

were then mixed with 50111 ethanol and 15111 1% Triton X-IOO. Experimental samples 

were prepared by adding 10111 homogenate to 50111 ethanol, 15111 1% Triton X-IOO and 

vortexing for ten seconds each. Thereafter, 4901110.9% NaCI was added to the mixture. 

After a final vortex, the mixtures were spun for Imin in a Jouan MR-1812 centrifuge 

(13 709g, 4°C) to pellet the powdery sediment, and 125111 of the clear supernatant was 

carefully transferred to a microtitre plate. To this was added 125111 of the provided 

enzyme reagent, with mixing. The reaction was considered complete after twenty 

minutes, and absorbance was read at 500nm. The quantity [l1g] ofTG in each sample (in 

duplicate) was extrapolated from a linear regression curve of the standards. 

The process for measurement of serum TG was essentially identical. Serum was obtained 

as described (3.1.1). 20111 of serum and 480111 0.9% NaCI were used for the triglyceride 

assay, which in all other respects was conducted as described above. Coefficient of 

variation for the TG assay was 5%. 
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Table 3.2: Triglyceride standards 
Stock solution: 200mgdl' I 

Vol. Stock solution [Iill Vol. 0.9% NaClI~11 
0 500 
1 499 
2.5 497.5 
5 495 
10 490 
20 480 
25 475 
40 460 
50 450 

Tri~lyceride contentiugl 
0 
2 
5 
10 
20 
40 
50 
80 
100 

tprecmorm® U, a conunercially provided standard With a TG range of III-1 53mgdl' was used as 
a positive contro l. 

3.5.4 PllOsphatidylcholine 

Measurement of phosphatidylcholine was according to instructions of a conunercial kit . 

Pbosphatidylcholine, in the presence ofphosphoJipase D, is broken down to choline and 

phosphatidic acids. The choline generated is oxidised by choline oxidase to betaine and 

hydrogen peroxide; the latter reacts with 4.aminophenazone and phenol in the presence of 

a peroxidase to yield the chromogen, 4-(p-benzoquinone-mono-imino)-phenazone, the 

quantity of which is assessed spectrophotometrically. 

Due to technical limitations, this assay was conducted only on LTS samples. The 

protocol for preparation of samples for tbe assay was identical to that described for TG, 

though dried lipid extract was used as the substrate (EDT A in the homogenate interferes 

with activity of calcium-dependent phospholipases). Standards and enzyme reagent were 

provided with the kit (Roche). Enzyme reagent was prepared by mixing 40ml of the 

provided buffer with the enzyme reagent Details of the standards used are given in Table 

3.3. 
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Table 3.3: Phospholipid Standards 
Stock solution: Choline chloride [54.lmgdl"'] 

Vol. Stock solution Iwl Vol. 0.9% NaCl lull 
0 500 
J 499 
7 493 
14 486 
28 472 

Choline content [J.lg] 
0 
0.54 
3.79 
7.57 
15.10 

tpreclnorm® U, a commercially provided standard WIth a PI. range of80-134mgdl' was used as a 
positive controL 

3.5.5 Measurement of conjugated dienes 

Pure, unoxidized cyclohexane has an optical density of 0.049 at 234nm. A GBC UVNIS 

916 spectrophotometer was used to set the baseline with distilled water and the 

absorbance of a cyclohexane blank was measured to ascertain purity. Cyclohexane with 

an 00 within 0.02 was assumed to be sufficiently pure for the assay. 

Conjugated dienes (CD) were measured as previously described (Vasankari et aI., 1995). 

The assay operates on the understanding that molecules containing conjugated dienes are 

characterized by an intense absorption (K band) which ranges, with respect to its peak, 

from 215-250nm, depending on nearby substituent groups (Recknagel and Glende, 1984). 

The spectra of lipids containing CD are characterised by an intense K band near 233nm, 

with a lesser secondary absorption maximum due to ketone dienes, in the range of 260-

280nm. 

CD content of each sample was measured by addition of Iml cyclohexane to the lipid 

extract and vortexing for ten seconds to encourage dissolution. Immediately after, the 

absorbance of each sample was measured at 234nm. Each sample was assayed in 

duplicate. The concentration of conjugated dienes in each sample was calculated using a 

molar extinction coefficient (2;M) of 2.95x I 0' M·'cm·'. The coefficient of variation for the 

assay was 12%. 
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3.5.6 Lipid hydroperoxides 

Lipid hydroperoxides were measured indirectly according to principles outlined by Jiang 

et al. (1991, 1992), in which the oxidation of Fe'+ to Fe'+ by peroxides is described. In 

the presence of xylenol orange, a dark brown Fe'+ -xylenol orange complex is formed 

which absorbs maximally at 560nm. 

Dried lipid extract was re-dissolved in 100111 chloroform, mixed with 350111 methanol and 

the mixture vortexed to generate a monophase. To each tube was then added 50111 

nanopure water and 600111 FOX 2 Mix t Standard reactions were prepared by mixing 

bland chloroform with methanol (as described above) and 50111 of the relevant standard 

(Table 3.2,3.3). The reaction was allowed to proceed for 20min, then all tubes were spun 

at 13 709g in a Jouan MR-1812 centrifuge for Imin. Absorbance was read thereafter at 

560nm. The concentration of lipid hydroperoxides in each sample (measured in 

duplicate) was determined by extrapolation from a non-linear regression curve of the t-

butyl hydroperoxide (BHP) standards. The consistency of the assay was assessed by 

coefficient of variation (II %), and by calculating the ratio of BHP to FeC" at absorbance 

of 1.00, which had a value of 8.62±0.27. 

!FOX 2 Mix: I part FOX 2A (2.5mM ferrous ammonium sulphate, 2mM Xylenol Orange in 
O.25mM H,SO,J to 4.5 parts FOX 2B (O.88mM BHTin methanol), always preparedfresh. 

Table 3.4: FeCI, Standard Curve 
Stock solution!! ~ 4mM FeCI, 

Stock Solution Water [flll 
[ fill 

20 980 
40 960 
80 920 
100 900 
400 600 
500 500 
IT Prepared fresh weekly 

Concentration of Quantity of ferric 
working solution chloride in assay 
jmM] LnMol] 
0.08 4 
0.16 7 
0.32 15 
0.40 18 
1.6 73 
2.0 91 
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Table 3.5: BHP Standard Curve 
Stock solution = 6.96mM BHP 
Working solution (W.S,) = 1000~1 stock solution + 9000~1 nanopure water 

W.S. [f'l] Water [~I[ Concentration of 
working solution 
[ruM] 

40 960 0.Q28 
100 900 0.070 
200 800 0.140 
300 700 0.278 
400 600 0.557 
800 200 0.696 

3.5.7 Thiobarbituric acid reactive substances (TBARS) 

Mass of 
butylated 
hydroperoxides 
in assay InMoll 
I 
3 
6 
9 
13 
25 

Measurement of TBARS was done according to the method of Asakawa and Matsushita 

(1979), with minor modifications. The assay measures the pink chromogen formed when 

aldehydes and other late products of lipid peroxidation react with thiobarbituric acid. 

Therefore, although the assay is often used as a tool for detection and measurement of the 

late, so-called secondary scission product malondialdehyde, it is not specific for this. 

To all tubes were added 50)11 0.27% FeCI" and 100)11 ethanol (for measurement of "total" 

TBARS, i.e. those present at time of death and those generated subsequently during tissue 

handling) or 100)11 containing 0.22% butylated hydroxytoluene, an antioxidant (for 

measurement of "free" TBARS, i.e. the amount of TBARS present at time of death). To 

experimental tubes was then added dried lipid extract dissolved in 50)11 chloroform. 

Chloroform and water blanks were prepared by adding 50)11 bland chloroform and 50)11 

nanopure water respectively. The mixtures were vortexed for five seconds each, mixed 

with 750)11 glycine buffer, pH 3.6 (0.2M glycine HC1) and 750)11 TBA reagent (0.5% 

thiobarbituric acid, 0.3% SOS), and vortexed again. The tubes received a glass bead 

each, were capped with marbles and boiled at 100'C. After exactly 15min, the tubes were 
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removed, cooled to room temperature and mixed with 500fLl glacial acetic acid and SOOfLI 

chloroform. The mixture was vortexed and spun for IS min 

(2 OS6g, 4°C). Two hundred fifty microlitres (2S0fLI) of the pink aqeous phase of each 

sample was used to determine the concentration of TEARS by measw-ing absorbance at 

S40nm; t.he value of LM used was 1.09xlO' M-'cm-'. All samples were assayed in 

duplicate. The coefficient of variation for the free TBARS assay was 6%, while that for 

the total TBARS assay was I 1%. 

3.6 Histological Assessment of 4-Hydroxy-2-nonenal (4-HNE) 

Protein adducts of the late LP product, 4-HNE, were detected on routine formalin fixed, 

paraffin embedded sections according to a modification of the method described by 

Zheng (1998), using the avidin-biotin-peroxidase complex (ABC). Sections were 

dewaxed for Smin in xylene, then rehydrated with 100% ethanol, 9S% ethanol, 70% 

ethanol and water respectively. Antigen retrieval was subsequently conducted in 10mM 

citric acid (pH 6.0) by warming for Imin and then boiling for 10min in a microwave. 

Sections were allowed to return slowly to room temperature and then washed and allowed 

to soak in distilled water (Smin)_ 

Endogenous peroxidase activity was quenched by soaking for 20min in freshly prepared 

3% hydrogen peroxide in 60% methanol. All subsequent incubations were carried out in 

a humidified chamber. Endogenous biotin was blocked with a commercially available kit 

(DAKO) by incubating in avidin and biotin solutions (ISmin each). Tissue was washed 

with Buffer B (JOmM phosphate buffered saline, 0.3% triton X-IOO) and final blocking 

was conducted for 40min using I drop normal horse serum in 2.Sml Buffer B. Blocking 

serum was drained and tissue was incubated for 60min with SOfLl freshly prepared anti 4-

HNE (IOfLgfLr') in lOmM phosphate buffered saline (PBS, 8g NaCl, 0.2g KCI, l.44g 
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Na,HP04 , 0.24g KH,PO" pH 7.4). After incubation, the sections were washed 3 times 

and incubated with -IOOfll of a universal secondary antibody for 40min. Dwing the 

incubation, ABC mix was prepared and allowed to stand for 30min before use. 

Secondary antibody was washed off 3 times and tissue was incubated with ABC mix for 

40min. At this time, DAB was mixed as recommended by the supplier, with I drop of 

nickel solution to obtain a dark stain. Tissue was washed once with water, then incubated 

with DAB for 7min. The stain was drained, and sections were couterstained with 

hematoxylin (lOsec) and Scott's solution (lOsec). Sections were then mounted with 

Entellar'" mounting medium. 

3.7 Measurement of Total Protein 

Total protein was measured according to the method of Lowry et al. (19SI), as modified 

by Markwell e/ al. (1978). This modification incorporates an increased quantity of a 

copper tartrate reagent, which allows the use of tissue homogenates containing EDT A, a 

chelating agent which interferes with Lowry's method. 

Two distinct steps underlie the principle of the assay: the chromogenic reaction of 

proteins with copper (which generates the initial faint blue tint), and the reduction of 

phosphomolybdic-phosphotungstic reagent (Folin Ciocalteu) by the copper treated 

protein, which intensifies the colour (Lowry et aI., 19SI). 

40fll of 1110 dilution for homogenate and 1/S0 dilutions for micro somes (see 3.8) were 

utilized. The substrate was brought to a final volume of 2S0ill with nanopure water, to 

which was added 7S0ill Solution cltt The mixture was vortexed and left to stand for 

ISmin. Thereafter, 7Sfll Folin C solution (I: 1 Folin Ciocalteulwater) was added 

forcefully to the mixture. Due to the short half-life of the reagent (Lowry, 1951), the 
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mixture had to be vortexed immediately; it was then left to stand for 45min to encourage 

development of full colour. Human serum albumin was used as a standard and prepared 

as detailed in Table 3.6. 

lttSollltion C: 100: I Solution A/Solution B 

Solution A: 2% anhydrous No, CO]; 0.4% NaOH; 0.16% No, CO,06; 1% SDS 

Solution B: 4% CuSO,. 5H,O 

Table 3.6: Protein Standards 
Stock: Human serum albwnin [1 flgflr '] 

Vol. Stock solution lull Vol. water lull 
0 250 
5 245 
10 240 
15 235 
20 230 
25 225 
30 220 
50 200 
90 160 
150 100 
250 0 

Protein content I uel 
0 
5 
10 
15 
20 
25 
30 
50 
90 
150 
250 

3.8 Comparison of Cytochrome P450 2EI (CYP2EI) Activity 

The production ofp-aminophenol (4-hydroxyaniline) from aniline was used as a measure 

of CYP2EI activity. as originally described by Imai el al. (1966). To maximise 

microsomes. the remains of the left lobe and the whole middle lobe of the liver were used. 

Microsomes were extracted according to the method of Donato el a1. (1999) with minor 

modifications. Tissue was homogenized in 2ml CYP homogenization mix (50mM Tris 

HCI. 150mM KCI and ImM EDTA. pH 7.4). The homogenate was then transferred to 

microfuge tubes and spun at 10 OOOg for 20min at 4°C. The supernatant was transferred 

to II x60mm Beckmann Ultra-clear® polyallomer tubes and brought to a final volume of 
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6ml with homogenization mIx. This was spun at 100 OOOg for 40min at 4°C In a 

Beckman L-80 ultracentrifuge, using a SW65 (swing-out) rotor. 

The supernatant was decanted and the microsomal pellet was suspended with three short 

pulses of a sonicator in ZOOfll CYP solublization mix (CYP homogenization mix with 

10% glycerol), separated into 501-'1 portions and snap frozen in liquid nitrogen. Aliquots 

were stored at -BOoC until required. 

Reports of loss of cytochrome activity during cold storage (Pearce el aI., 1996) prompted 

a set of experiments prior to measurement of enzyme activity in microsomes from L TS 

and TNFKO studies. Briefly, wild type C57BL6 mice were sacrificed using carbon 

monoxide. Livers were rapidly removed, and divided into lobes. The left and middle 

lobes were used for each experiment. Each was divided into half, and one half was snap 

frozen and stored at -80°C. The second half was homogenized as described previously, 

lml was used for inunediate microsomal extraction and the other 1ml of homogenate was 

stored at -BOoC. The extracted microsomes were snap frozen and stored. Two weeks 

later, micro somes were also extracted from frozen liver and homogenate. 

The assay was conducted on all samples to determine whether CYPZEI activity was 

retained regardless of storage by assessing a time course of enzyme activity, and enzyme 

activity at a fixed time point. 

To 501-'1 microsomes was added 4501-'1 Cyp Reaction mix (16mM aniline, 0.64mM 

NADP, 6mM glucose 6-phosphate and 5mM MgClz)in O.IM phosphate buffer (l3.97g 

KzHPO" Z.7g KHz PO, in I litre of water, pH 7.4). The temperature of the mixture was 

equilibrated by incubation at 37°C for 10min. The reaction was started by addition of 

500fll substrate mix containing 1.3U glucose 6-phosphate dehydrogenase in phosphate 
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buffer. The standards were O-IOOnmol p-aminophenol (Table 3.7), prepared to a final 

volume of 600/11. Since the standards were the expected end product of aniline 

hydroxylation, they were incubated in the absence of reaction and substrate mixes. All 

mixtures were incubated for 40min at 37°C. The reaction (samples but not standards) was 

stopped by addition of 250/11 20% trichloroacetic acid, and spun at 857g for 10min at 4°C 

to pellet precipitated protein. 600/11 of the resulting supernatant was transferred to a fresh 

tube. Chromophore development was encouraged in samples and standards by addition 

of 200/11 10% Na,CO, and 2% phenol, respectively, followed by 40min incubation in the 

dark. Absorbance was read at 590nm. 

The assay procedure was identical for L TS and TNFKO samples, except that prior 

investigations showed the reaction to be complete at -60min. The mass of p-

aminophenol generated from the microsomal system was determined from a non-linear 

regression of standards, and expressed per mg microsomal protein, per minute. 

Table 3.7: p-Aminophenol standards 
Stock: 0.1456gp-aminophenol in 1m! H20 [1M] 
Working solution (w.s.): 100~1 stock + 9900~1 phosphate buffer [O.OIM] 

Vol. W.s. I~II Vol. Phosphate Initi.1 Cone. Cone. in assay M.ss of 
buffer If'll I~l I~l p-aminophenol in 

reaction [nmoll 
0 600 0 0 0 
0.5 599.5 8.3 5 5 
I 599 16.7 10 10 
2 598 33.3 20 20 
4 596 66.7 40 40 
6 594 100 60 60 
10 590 166.7 100 100 
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3.9 Measurement of Serum TNFu 

TNFa was measured in serum from the LPSS, according to the method of Co ligan et al. 

(1994). All resources were kindly supplied by the laboratory of Professor Frank 

Brombacher. 

Coaling 

Nunc-maxisorp plates were coated with purified rat anti-mouse/rat TNFa diluted to 

I: 1000 in IOmM PBS (see 3.6) with 1 % v/v bovine serum albumin and 0.02% w/v 

sodium azide ("TNF dilution buffer"). 50fLi was added to each well. The plate was 

sealed with cling film and incubated overnight at 4°C. 

Blocking 

Plates were washed four times with 200fLl/well of 10mM PBS containing 0.02% w/v 

sodium azide and 1% v/v Tween. Blocking was thereafter conducted y adding 200Ill/well 

of2% w/v low fat milk in 10mM PBS. Plates were re-sealed and incubated overnight at 

4°C. The following day, plates were washed as described above. 

Assay 

Standards were recombinant TNFa, diluted 3-fold with TNF dilution buffer (to a total of 

60111) in a range ofO.OOl to 100ng (see Table 3.8). The dilutions were conducted in a 

non-coated plate. 
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Table 3.8: Recombinant TNFa standards 
Working solution (w.s.): Recombinant TNFa [1.67ngflr'] 

Standard Vol. [).II] relevant Vol. dilution buffer Final volume Mass of 
solution [).II] [).II] TNFa [ng] 
(brackets) 

1 90 (w.s.) 0 60 100 
2 30 (standard I) 60 60 33.33 
3 30 (standard 2) 60 60 II. II 
4 30 (standard 3) 60 60 3.70 

15 30 (standard 4) 60 60 1.23 
6 30 (standard 5) 60 60 0.41 
7 30 (standard 6) 60 60 0.14 
8 30 (standard 7) 60 60 0.05 
9 30 (standard 8) 60 60 0.02 
10 30 (standard 9) 60 60 0.005 
11 30 (standard 10) 60 60 0.002 
12 30 (standard II) 60 60' 0.001 

'30fll of ongmal 90fll dIScarded to equalJse volume 

Serum samples were diluted Y" '/" and '/, in dilution buffer to a total volume was 50111. 

When all samples had been added to the coated and blocked assay plate, 50).11 of each 

standard was transferred. The top and bottom rows and the first and last column of each 

plate were not utilised, as evaporation is fastest in these regions. Plates were sealed with 

cling film and incubated at 37°C for 3h. Thereafter, plates were washed four times with 

distilled water. 

Secondary antibody was 111000 biotinylated IgG fraction of poly clonal rabbit anti-mouse 

TNFa, prepared in dilution buffer. 50111 was added to each well and incubated for 3h at 

37°C. Plates were washed four times at the end of the incubation period with distilled 

water. 

Conjugation was carried out with 50).ll/well of alkaline phosphatase labelled streptavidin 

in dilution buffer (1/1000). Incubation was for Ih at 37°C, after which plates were 

washed four times with distilled water. Substrate (p-nitrophenol phosphate) was prepared 
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at a concentration of imgmr' in substrate buffer (0.02% w/v sodium azide, 0.08% 

MgCI,.6H,O, 9.7% v/v di-ethanolamine, liquified in water bath). 50f!1 was added to each 

well, the plates were covered with tin foil (substrate is photosensitive) and incubated at 

37°C. Readings were taken at 405nm after 30min and I h incubations. 

3,10 Statistical Analyses 

Statistical analyses were conducted in GraphPad Prism. Comparisons between 2 

treatment groups (e.g. Ctrl versus MCD) were conducted with non-parametric, 2-tailed t­

tests (Mann-Whitney). To compare the effect of one treatment within groups (e.g. 

comparing effect of alcohol in Ctrl or MCD groups), comparisons were conducted using 

non-parametric single variable analyses of variance (Kruskall-Wallis test). Differences 

were considered statistically significant when p<0.05. 

80 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I: 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were 

on 

4.1.1 Pilot Short Term 

MCD 

at 

assess 

were 

commencement 

as 

to 

+0.025% 

with 

short term 

assessment was 

In 

low on 

on 

to 

ill 

was to 

in the 

The 

82 



Univ
ers

ity
 of

 C
ap

e T
ow

n

===============~=============Alcoilol 

4.1.2 Long Term Study (LTS): The effect of 

model of NASH 

term alcohol intake in the MCD 

This formed the definitive study in the program, and was conducted to 

• Induce a hepatic em;ronment resembling advanced human NASH, including 

structural alterations such as fibrosis 

• Assess the effect of the MCDD plus alcohol given over prolonged periods on lipid 

accumulation and LP, hepatic injury and activity of cytochrome P450 2EI (CY1'2EI) 

• Characterize the nature of the inflammatory infiltrate present in this late stage of 

hepatic dysfunction 

• Detennine the effect, if any, of intennediate (8% v/v) and high (20% v/v) dose 

alcohol consumption on a steatotic liver 

The study was conducted in duplicate (denoted in Appendix 3 as "Group 1" and "Group 

2", conducted simultaneously), The first group was utilised for assessment of liver 

pathology, biochemical assays and measurement of aminotransferases; the second group 

was used for measurement of serum TG, Plans were set in place to utilise the second 

group in future analysis of eytokine profiles, 

Two groups of 48 male C57BL6 mice were allowed two weeks to acclimatise in the LJCT 

Animal Facility, before placed on water - 0,025% (w/v) saccharine. For animals 

on alcohol - 0,025% (w/v) saccharine, the concentration of ethanol was raised by 2% 

every second day until the desired concentration (sec below) was achieved, Only after all 

animals had been on their requisite concentrations of ethanol for a minimum of 4 days, 

were Ctr! and MCDO dietary rNlm,,,, 

light/dark cycle, 

begun, All animals were placed on a diurnal 12h 
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Experimental design of the LTS 

Water + 0.025% (w/v) saccharine + Ctrl diet } 
8% ethanol + 0.025% (w/v) saccharine + CtrJ diet 
20% ethanol + 0.025% (w/v) saccharine + Ctrl die 

Water + 0.025% (w/v) saccharine + MCDD } 
8% ethanol + 0.025% (w/v) saccharine + MCDD 
20% ethanol + 0.025% (w/v) saccharine + MCDD 

n= 8/group 

n= 8/group 

Ctrl animals were maintained on the diet for 57 days (due to unanticipated shortage of 

diet), MCDD animals were maintained on the diet for 63 days. During this period 

animals were allowed food and drink ad libitum. Drink was refreshed every second day, 

and once weekly all animals were weighed. 

Sacrifice was by cardiac puncture and exsanguination under ether anaesthetic. Blood was 

collected in eppendorf tubes for measurement of aminotransferases, serum TG and blood 

alcohol, though the latter was ultimately not measured due to a technical mishap. At the 

time of sacrifice, body weight and liver weight were also recorded. Livers were divided 

into the (A) left lobe (for routine stains, immunohistochemical stains of LP-protein 

adducts, immunocytochemistry, lipid peroxidation and electron microscopy), (B) median 

lobe (for measurement of cytochrome P450 2El activity), (C) right and posterior lobes. 

Once portions had been suitably allocated, tissue was wrapped in tin foil and snap frozen 

in liquid nitrogen. All tissue was subsequently stored at -80'C until required. 

Results 

4.2 Body and Liver Weight 

All animals on the MCDD experienced weight loss and lethargy compared to controls (Figure 

4.1), although this state did not appear to be a consequence of inadequate food intake. 

Conversely, Ctrl mice experienced steady weight gain and remained active for the duration of 

the study. At sacrifice, the livers of MCD animals were distinguished by a pale pink 
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appearance. In LTS rodents, MCD livers also had a slight greasy consistency and granular 

appearance, and infrequently some specimens developed small nodules. Livers of MCD 

animals were significantly smaller than control counterparts in all studies. When adjusted to 

body weight (i.e. liver weight per gram body weight) to correct for weight loss on the MeDD, 

liver:body weight was similar in all groups (Figure 4.2). Raw data of LTS weights may be 

found in Appendix 2.1. 

50 
---{J- MCD 

E 40 -0- MC 0 + 8% ethanol 
ca 
10.. -0- MC 0 + 20% ethanol 

~30~~~~~-I~~~~ --Ctrl 

- Ctrl + 8% ethanol 

-- Ctrl + 20% ethanol 
--s, 20 
.(i) 

~ 10 

O+-----.-----.----.-----.-----r----~ 

o 2 4 6 8 10 12 

Weeks on diet 
Figure 4.1: Body weight over the course of LTS. Mice on the MCDD lose weight while Ctrl 
counterparts gain weight. 

0.075 - _Ctrl 
~ 
0'1 CJ Ctrl + 8% ethanol .(i) 
3: 

0.050 c::::J Ctrl + 20% ethanol 
>0 _ MCD "'0 ._ 
0-.oE _ MCD + 8% ethanol 
0 

c::::J MCD + 20% ethanol - 0.025 10.. 
Q.) 
> 
:J 

0.000 

L T5 treatment group 
Figure 4.2: The ratios of liver weight:body weight in the L TS are comparable for all groups. 
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Treatment gro,up 

Treatment group 

Treatment group 

_ Ctrl 
Ctrl + 8% ethanol 

_ Ctrl + 20% ethanol 

_MCD 
_ MCD + 8% ethanol 

_ MCD +20% 

_ Ctrl 
Ctrl + 8% ethanol 

_ Ctrl + 20% ethanol 

_MCD 
_ MCD + 8% ethanol 
_ MCD + 20% ethanol 

_ Ctrl 
Ctrl + 8% ethanol 

- Ctrl + 20% ethanol 
_MCD 
_ MCD + 8% ethanol 
_ MCD + 20% ethanol 

Figure 4.3: (A) ALT (B) AST (C) AST/ALT of LST treatment groups . Although alcohol consumption enhanced 
aminotransferase levels, only differences in MCD vs Ctrl were significant (ALT p=O.OI 09; AST p=0.0031). 
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4.4 Histop 

4.4.1 Steatosis 

All animals on MCDD developed macrovesicular steatosis (Figure 4.4), with lipid in -70-

90% of hepatocytes. In some L TS MCDD animals on alcohol, steatosis was mixed (micro 

and macrovesicular). Other than this, there was no apparent difference at the level of light 

microscopy with regard to steatosis, between MCn animals on water and MCD animals on 

either dose of alcohol. In the L TS, one animal on Ctrl diet and 8% ethanol also developed 

steatosis (Appendix 2.4, mouse no.15), though other animals sharing the same cage showed 

no fatty change. 

In all studies, steatosis was marked in zones 1 and 2, often with some zone 3 sparing (Figure 

4.5) which was due in part to hepatocyte dropout as a consequence of necroinflammation. 

4.4.2 Inflammation 

Lobular inflammation was a prominent feature in all MCDD groups of the L TS (Figure 4.5), 

and foci were typically at sites of small foci of confluent hepatocyte necrosis. The 

necroinflammatory foci were always prominent in zone 3 but were also seen in zones 1 and 2. 

These foci contained both mononuclear cells and polymorphonuclear leukocytes (PMN). 

D/PAS positive Kupffer cells were also prominent in all MCn mice in the L TS group (Figure 

4.6). 
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A B 

Figure 4.4: H&E sections from LTS show (A) Ctrl on water, i.e. normal liver (B) MCD on water, with 
macrovesicular fatty change and mild microvesicular steatosis (C) Ctrl +8% ethanol, which is 
histologically indistinguishable from normal liver (D) MCD + 8% ethanol, with some mixed micro­
and macrovesicular steatosis (E) Ctrl + 20% ethanol, with arrows indicating early signs of ethanol­
induced steatosis (F) MCD + 20% ethanol, also with a mixed pattern of steatosis. 40x objective. 
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A 

B 

Figure 4.5: (A) In mice receiving the MCDD, steatosis occurs even in zone 1 hepatocytes adjacent to 
the limiting plate, while (B) some zone 3 hepatocytes are spared. H&E, 40x objective. 
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Figure 4.6: (A) Typical lobular necroinflammatory focus in MCDD liver, composed of mononuclear 
cells and PMNs. H&E, 40x objective. 
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A 

c 

E F 

Figure 4.7: Livers from LTS. Kupffer cells containing pnagocytosed lipid and cellular debris (scarlet 
positive stain), are present only in MCDD samples. There is no apparent difference with added 
alcohol. (A) Ctrl (B) MCD (C) Ctrl + 8% ethanol (D) MCD + 8% ethanol (E) Ctrl + 20% (F) MCD 
+ 20% ethanol. DIPAS, 40x objective. 
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A B 

c D 

E F 

Figure 4.8: Livers from (A) Ctrl (B) MCD (C) Ctr! + 8% ethanol (D) MCD + 8% ethanol (E) Ctrl + 
20% (F) MCD + 20% ethanol. Pericellular fibrosis is seen in MCDD treated animals, but this was a 
mild feature restricted to zone 3 regions, and did not appear to be enhanced by ethanol. SR, 40x 
objective. 
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University of Cape Town

Table features in LTS livers 

Treatment Fat score Fat {distril.J D/PAS D/P~nh. Fibrosis ':1 
foci (number) foci (score) ~~.Jpnage .aD .. (score) 

(nnrnh::': .. l C 

Ctrl O.O±{).O - O.13±{).35 1.38± 1.41 OO±{)O O.O±{).O O.O±{).O 

Ctrl + 8% O.38±I.06 Random·· O.25±{).46 2.0±L85 O.O±{).O O.O±{).O O.O±{) 0 
ethanol* 

CUI + 200Al o 86±{)38 Random" O.43±{).53 2.86±1.57 O.O±O.O O.O±{).O O.O±{) 0 
ethanol 

MCD 2.8±{).45 Zones 1-3**· 3.0±{) 0 46.25± 16.52 3.O±O.O 87.0±55.89 060±{) 55 

MCD+8% 3.0±{).O Zones 1-3*** 2.83±{).41 34.67±7.76 3.0±{).O 68.83±25.61 O.71±{).49 
ethanol 

MCD+ 30±O.O Zones 1-3··· 2.78±{).44 44.56± 11.59 3.0±{) 0 98.44±34.67 O.88±{).35 
200Al 
ethanol 
.- -

- r AppendIx - .- -- .. - aetJoiog 
too sparse to determine zonal distribution 

in zones 1 and 2; variable numbers of ~~Y~~~J in zone 3 showed steatosis 
Il.tU.'\.'\ljlCUlwn terms: Distr: Zonal standard deviation) per group, as outlined in Number: Refers to average number (± standard 

foci or ~'U~5~~ 
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Figure 4.9: B cells are absent in (A) Clrl and (B) MCDD livers, though prolific in murine spleen (C), 
used as positive control. Autofluorescence in (B) is due to lipofuscin in Kupffer cells. 
Immunofluorescent stains using antibody to CD19, 40x objective. 
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Figure 4.10: CD 4+ cel.ls are absent in (A) Ctrl and (B) MCDD livers 
(C) Murine spleen serves as a positive control. Immunofluorescent stains using antibody to CD4, 40x 
objective. 
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Figure 4.11: No CD 8+ cells were found in either (A) Ctr! or (B) MCDD livers. (C) Murine spleen 
serves as positive control. lnununotluorescent stains using antibody to CD8, 40x objective. 
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A B 

c o 

Figure 4.12: (A) Resident Kupffer cells in sinusoids of Ctr! liver (B) Enlarged Kupffer cells 
containing lipid droplets and lipofuscin are a feature exclusive to MCD liver (C) Spleen injected with 
red cells, positive control CD) Negative control, liver section stained using PBS in place of F4/S0 as 
primary antibody. Immunofluorescent stain using antibody to F4/S0, 40x objective. 
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4.6 Biochemical Measurement of Fibrosis 

The quantity of collagen, as indicated by measurement of hydroxyproline, showed increased 

levels of this imino acid in LTS animals receiving the MCDD relative to Ctrl, p=O.0732 

(Figure 4.13). However, although alcohol consumption appeared to enhance hydroxyproline 

in Ctrl mice (p=O.0403), MCD treated animals did not reflect this alcohol-mediated increase. 

Raw data is presented in Appendix 2.5. 

l 

Treatrrent g~ 

CJ Cffrtrd 
c:J Cffrtrd + SOlo ethard 

L Caltrd + 2()O/oethard 
_ rvrn 
_ rvrn + SOlo ethard 

rvrn + 2()O/o ethard 

Figure 4.13: Hydroxyproline content in treatment groups of LTS is increased as a result of alcohol 
consumption in Ctrl groups but not MCD. MCD vs Ctrl p=0.0732, Ctrl + alcohol p=0.0403. MCD + 
alcohol p=0.2455. 
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Figure 4.14: Hepatic triglyceride content in STS study (4 weeks) is increased by the MCDD. MCD vs Ctrl 
p=0.0022; Orl + alcohol p=0.0445; MCD + alcohol p=O.OO 17 
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_ Control +8% ethanol 
_ Control +20% ethanol 
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Figure 4.15 : (A) Hepatic TO content after 8 weeks (L TS) MCDD is significantly higher than in Ctf!. MCD vs Ctri 
p=0.0027; Clrl + alcohol p=0.0044; MCD + alcohol p=0.7033 . (B) Serum TO levels in treatment groups of L TS 
do not reflect hepatic TO values. MCD vs Clri p= 1.000; Ctrl + alcohol p=0.0563; MCD + alcohol p=0.2893. 
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4.7.2 Phosphatidylcholine 

Phosphatidylcholine (PC) is a major component of VLDL, which is required for export of 

hepatic TG (see 2.1). The mechanism by which the MCDD causes steatosis was confirmed 

by comparison of PC levels in the LTS for animals receiving MCDD versus Ctrl counterparts. 

Due to technical difficulties, PC levels were not measured for the STS. 

In the LTS, PC was always reduced in MCD mice; furthermore, alcohol consumption 

appeared to further abrogate PC synthesis (Figure 4.16). The results were statistically 

significant between MCD and Ctrl (p<O.OOOl), but alcohol consumption did not cause 

significant changes for either MCD (p=O.1418) or Ctrl (p=O.5540). 

30 
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0. 
Q) r::: 20 .:: .-
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Treatment group 

_Control 
_ Control + 8% ethanol 
_ Control + 20% ethanol 
_ MCD 
_ MCD + 8% ethanol 
_ MCD + 20% ethanol 

Figure 4.16: PC synthesis in MCD groups of the L TS is inhibited in the absence of methionine and 
choline, and may be further reduced by alcohol intoxication. MCD vs Or! p<O.OOO I; Or! + alcohol p= 
0.5540; MCD + alcohol p= 0.1418 
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Figure 4.]7: A profile of LP in the STS indicates early and late LP products in the STS were increased by the 
MCDD (CD, MCD vs Ctr! p=O.0411; ITBARS, MCD vs Ctrl p=O.0022; tTBARS, MCD vs Orl p=O.0019). 
Alcohol also caused significant increases in CD (Clrl p=O.O 181. MCD p=O.0066), ffBARS (Ctrl p=O.0067, MCD 
p=O.OO25), but the alcohol-mediated increase in tTBARS only reached statistical signiticance in Ctrl + alcohol 
(p=O.OO 19). 
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Figure 4.18: Profile of LP in trealment groups of the LTS. CD are significantly elevated by the MCDD (MCD vs 
Ctrl p=O.0008) but not noticeably affected by added alcohol. LOOH are minimal in all groups, and only 
significantly affected by alcohol addition in the Or! (p=O.0027). ffBARS are elevated by MCDD (MCD vs Ctrl 
p=O.OO25) and by alcohol (Ctrl p=O.0054, MCD p=O.OOIO). lTBARS are significantly affected by MCDD (MCD 
vs Orl p<O.OOO I) bUl do not show significant change with added alcohol in either Clrl or MCD groups. 
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The LP profile is alternatively represented in Tables 4.2 and 4.3 as a ratio of LP indices, with 

the mean nMol of early LP "products" (CD) always given a value of 1.0, and all other values 

presented as a ratio of nMol of CD measured. Table 4.2 shows that in the STS Ctrl, addition 

of alcohol drives LP to the right, generating increased levels of late LP products relative to 

early products. Also, addition of 8% alcohol decreases the proportion of ITBARS generated 

ber nMol of CD, yet the proportion of tTBARS continues to increase. In MCD groups, 

although addition of alcohol appears to increase absolute values of indices of LP (Figure 

4.17), Table 4.2 indicates that the proportion of late products to early products measured is 

actually decreased by addition of alcohol. 

In the LTS (Table 4.3) alcohol appeared to increase the proportion of mid-stage products 

(LOOH) generated per mean nMol CD, in both Ctrl and MCD groups. However, the effect of 

alcohol in the Ctrl group is similar to that seen in the STS, with proportion of ITBARS 

declining, while paradoxically proportion oftTBARS still continues to increase. In the MCD 

group, alcohol addition (8% group) initially favours generation of a high proportion of 

tTBARS while ITBARS are comparatively low. However, high levels of alcohol (20%) 

increase the proportion of ITBARS. 
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Table 4.2: Ratio ofLP indices in STS. 

Treatment Grl Ratio of LP products 
CD:fTBARS:tTBARS 

Ctrl 1: 1.30:0.68 

Ctrl + 4% ethanol 1: 1.24: 1.12 

Ctrl + 8% ethanol 1 :0.02: 1.21 

MCD 1 :0.93:6.76 

MCD + 4% ethanol 1:0.73:8.05 

MCD + 8% ethanol 1:0.l8:6.11 

*Value of CD dways taken as 1.0 

Table 4.3: Ratio ofLP indices in LTS. 

Treatment G Ratio of LP prod lets 
CD:LOOH:fTBARS:tTBARS 

Ctrl 1:0.04:0.73:1 19 

Ctrl + 8% ethanol 1 :0.05 :0.34: 1.41 

Ctrl + 20% ethanol 1 :0.21 :0,08: 1.48 

MCD 1 :0,04:0.21 :9.35 

MCD + 8% ethanol 1 :0.04:0,14:9.45 

MCD + 20% ethanol 

*Value of CD llways taken as 1.0 
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A 

F 

Figure 4.19: 4-HNE staining in the LTS (A) Ctrl - no 4-HNE detected (B) MCD - 4-HNE adducts are 
detected in enlarged Kupffer cells (C) Ctrl + 8% ethanol - no 4-HNE detected (D) MCD + 8% ethanol 
- 4-HNE adducts are seen in enlarged Kupffer cells (E) CtrJ + 20% ethanol, infrequent positive staining 
for 4-HNE-adducts identified in hepatocytes (F) MCD + 20% ethanol - 4-HNE adducts seen in 
enlarged Kupffer cells. Immunohistochemistry using antibody to 4-HNE protein adducts. 20x 
objective. 
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4.8 CYP2El Activity in the Rodent Nutritional Model of NASH 

Because CYP2E1 has been implicated as a potential catalyst of LP (Weltman et at., 1996; 

Leclercq et at., 2000), we investigated activity of CYP2E1 in interactive hepatoxicity. 

However, on the basis of reports documenting loss of activity of this cytochrome during cold 

storage (Pearce et at., 1996), initial investigations concentrated on assessing the accuracy of 

readings obtainable from our samples, some of which had been at -80°C for more than a year. 

As shown in Figure 4.20, CYP2El activity was best assessed in fresh liver, though it was 

comparable in liver frozen at -80°C for 14 days. Activity was greatly diminished if tissue 

was homogenized prior to storage. 

c: 5 
::::: 'Q; 
0_ 
c: 0 4 Q) ... 
.co. 
0._ 
o C'tI 3 .= E 
E ~ 

<C 0 2 
6.t; 
c5E 
::E 0') 1 
c: E 

o 

Source of microsomes 

_ Fresh liver 

_ Frozen liver 

[::::J Frozen homogenate 

Figure 4.20: CYP2El activity in microsomes from liver tissue subjected to different storage 
conditions. Assays are best conducted on fresh liver, however comparable results are obtained from 
liver frozen for short periods. If liver tissue is disrupted or homogenised prior to storage, CYP2El 
activity is lost. 
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In accordance with previous reports, CYP2El activity was upregulated by the MCDD (MCD 

vs Ctr! p=O.0295, Figure 4.21). Although ethanol consumption elevated CYP2El activity in 

the MCD group, the effect was not statistically significant (p=O.5947); this may be 

attributable to the wide spread of data. Ethanol consumption did not appear to affect CYP2El 

activity in Ctrl groups. Raw data is presented in Appendix 2.13. 

Treatment group 

c:::::J Control 

c::::::J Control + 8% ethanol 

tit "" "'::) Control + 20% ethanol 

MCD 
_ MCD + 8% ethanol 

MCD + 20% ethanol 

Figure 4.21: Activity ofCYP2El is enhanced by the MCDD and alcohol. MCD vs Ctrl p=O.0295; Ctrl 
+ alcohol p=O.71l4, MCD + alcohol p=O.5947. 

In conclusion, the MCDD causes hepatic damage, indicated by elevated aminotransferases 

and alterations at the light microscopic level, lipid accumulation, LP and increased CYP2El 

activity; these effects are exacerbated by alcohol consumption. Tables 4.4 (a and b) and 4.5 

(a and b) summarise the biochemical effects of short and long term administration of the 

MCDD and alcohol. 
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Table 4.4 of biochemical effects of alcohol and/or the MCDD in the 
mean of baseline. 

cn 
Ctrl + 4 % alcohol 137 
Ctrl + 8% alcohol 
Mcn water 
Mcn + 4% alcohol 
Mcn + 8% alcohol 
Mean values of baseline: 

Table 4.4 
baseline. 

of biochemical effects of alcohol on a liver in the 

with Ctrl + water used as baseline. All values are expressed as per cent of the 

rrBARS 
1022 
17 
870 

tTBARS 

MCD water used as baseline. All values are expressed as per cent of the mean of 
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Table 4.5 

Table 4.5 

ll0'AY"UU of alcohol and/or 

Serum 

125 

LTS. + 

Ctrl + water as All per of the 

CYP2EI 
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Studies were conducted with the approval of the UCT Ethics Committee for Research on 

Animals, and in compliance with the standards of the Medical Research Council (MRC), 

5.1.1 Study 1: "",,(wrnecrosis factor alpha (TNFa) knockout study (TNFS) 

TNFlX has been implicated in the pathogenesis of ASH, and is believed to be a critical 

factor which drives tbe pathogenesis NASH (Tilg and Diehl, 2000), However, there 

appear to be no studies documenting progression of NAFLO in 1'1\1'0. knockout, to 

support the putative central role of this cytokine in NAFLOlNASR This study was 

therefore conducted to investigate the role of TNFo. in progression of tbe nutritional 

modelofNAFLD, 

12 wild type (,,1) and 12 TNFo. knockout (ko) male C57BL6 mice were allowed two 

weeks acclimatisation under sterile conditions in the UCT SPF Unit Thereafter mice 

were placed on MCDD or Ctrl diets and water ad libitum for 28 and 30 days ('vICDD and 

Ctrl respectively), Diets were irradiated and water was autoclaved, Mice were on a 

diurnal 12h light/dark cycle, and were weighed weekly, 

Experimental design 

6 wt mice 
} MCDD 

6 ko mice 

6,,1 mlce 

6 ko mice 

Mice were sacrificed by cardiac puncture and exsanguination under ether anaesthetic, 

Livers were weighed and dlvided into lobes as described in 4.1.2, 
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5.2 Body and Liver Weight 

As in previous studies, animals on the MCDD experienced lethargy and weight loss compared 

to controls (Figures S.IA, S.lB), although this state did not appear to be a consequence of 

starvation. Livers of MCD animals were significantly smaller than control counterparts, 

however when adjusted to body weight (i.e. liver weight per gram body weight) to correct for 

weight loss on the MCDD, liver:body weight was similar in all groups (Figure S.2A, S.2B). 

In the TNFS, knockout animals (ko) had smaller ratios than their wild type (wt) counterparts, 

regardless of treatment, though the differences were not statistically significant (Ctrt p= 

0.5887, MCD p=0.3S24). Raw data for weights is presented in Appendices 4.1 and 5.1. 

40 

III 

~ 30 r---l---r-- -r---+ 
'-
0) 

c: 
:: 20 
..c: 
0) 

'Q; 
3: 10 

0+--------,-------.-------,-------. 

A 

B 

o 10 

40 

20 

Days on diet 

30 40 

04------.------.-----.------.-----. 
o 2 3 4 5 

Weeks on diet 

--Ctrl wt 

-- CIrl ko 
-- MCD wt 

- MCD ko 

-- Ctrl + Sali ne 
-Ctrl + LPS 
--+- MCD + Saline 
--+- MCD + LPS 

Figure 5.1: Body weight over the course of studies (A) TNFS and (B) LPSS. In both studies, the 
MCDD causes a rapid decline in body weight. 

119 



Univ
ers

ity
 of

 C
ap

e T
ow

n

===========================T'JFa. 

-J: 
C'I 

'Q) 
3: 
>'0 "C ._ 
0-
.o~ 
o -~ 
Q) 

> 
:J 

A 

-J: 
C'I 

'Q) 
3: 
>'0 "C ._ 
0-
.o~ 
o -~ 
~ 
:J 

B 

0.05 

0.04 

0.03 

0.02 

0 .01 

0 .00 

0.075 

0.050 

0.025 

0.000 

TNFS treatment group 

LPSS treatment group 

Ctrl wt 
CJCtrl ko 
I!!!!!!!!!!!!!!MCDwt 
CJMCD ko 

_ Ctrl + sali ne 

_ Ctrl + LPS 
_MCD + saline 
_MCD + LPS 

Figure 5.2: Liver weight:body weight for (A) TNFS and (8) LPSS . In the TNFS, the ratio is slightly 
but insignificantly less in ko mice relative to wt counterparts (Ctrl p= 0.5887, MCD p=0.3524). In both 
studies, the ratios for MCD and Ctr! mice are comparable. 
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5.3 Aminotransferases 

AL T levels in TNFS (Figure S.3A) were elevated in MCD versus Ctr! (wt versus wt 

p=O.0022, ko versus ko p=O.009S) . In Ctrl groups, ko levels of ALT were also raised relative 

to wt (p=O.OlS2). In contrast to this, TNFa ko dampened ALT levels in mice receiving 

MCDD (p=O.2S71) When TNFa was induced by LPS administration, ALT levels were 

markedly increased relative to Ctrl and MCDD counterparts on i.p . saline (Figure 5.3 B; Ctrl 

p=O.0002, MCD p=O.0002). Raw data is presented in appendices 4 .2 and 5.2. 
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A 
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Treatment group 

Treatment group 

_ Ctrlwt 
_ Ctrl ko 

MCD wt 
_ MCD ko 

_Ctrl + saline 

Ctrl + LPS 
MCD + saline 

_ MCD + LPS 

Figure 5.3: (A) ALT levels in the TNFS are elevated in Ctrl ko but reduced in MCD ko mice (Ctr! wt 
vs ko p=O.OI52; MCD wt vs ko p=O.257 I). (B) ALT levels in the LPSS are enhanced by LPS 
challenge (Ctr! p=O.0002, MCD p=O.0002) . 
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A B 

c o 

Figure 5.4: Liver sections from TNFS. Sections from (A) etrl wt and (B) Ctrl ko appear 
histologically normal. However, liver sections from (e) MeD wt and (D) MeD ko, show 
macrovesicular steatosis and scattered mononuclear cells. Necroinflamatory foci were present in both 
these treatment groups, but are not shown in these figures. H&E, 40x objective. 
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A B 

c D 

Figure 5.5: Liver sections from LPSS. (A) Ctrl + saline, normal liver (8) Ctrl + LPS, the arrow 
indicates a necroinflammatory focus. (C) MCD + saline and (D) MCD + LPS showing macrovesicular 
steatosis and necroinflammatory foci containing PMN and mononuclear cells. H&E, 20x objective. 
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Table 5.1: Histolofical features of livers of the TNFS 

Treatment I Fat I Distribution 
score 

wt I o.o±o.o O.O±O.O 

Ctri ko I O.o±o,o O,O±O.O 

** 1,52±O,84 

** 2.75±O,50 

stjlCatlOn terms: Distribution: Zonal distribution 
Refers to average number standard of 

Table 5.2: 

etrl + 

**Zonal distribution showed great inter-animal variation, 
raw data 

features of LPSS livers 

0,I3±O,35 

.06±O.56 I 

terms: Distribution: Zonal distribution 
Refers to average number (± standard deviation) of 

raw data 

O,O±O.O 

O.O±O.O 

O.O±O,O 

Score: Mean score standard 
*DIPAS 

o.O±O.O 0.5±O.76 

O.29±O,76 3,O±7,07 

o,O±O.O 

Score: Mean score standard 
*DIPAS 

per group, as outlined in Number: 
numbers and scores based on numbers of 

per group, as outlined in Number: 

U~""I!:'" numbers and scores based on numbers of 
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5.5 

TNFS 

I"""UU of the 

Due to unexpected ill health of ko mice, termination of the TJ\"FS had to be conducted on a 

public holiday, and materials for cryopreservation of tissue were unavailablc, 

Immunocytochemical analyses for this study were therefore not possible, 

LPSS 

l\1C and B cells were not stained for in this study, as they were absent in the LTS, Stains for 

CD4+ and CD8+ cells were conducted, but as in the LTS, none were detected, Kupffer cells 

detected by an antibody to F4/80 were found in all liver sections from this study, In saline 

treated samples, they were always spindle shaped and were in the sinusoids (Fig 5,6), though 

MCD mice had greater numbers than ClrL Following LPS challenge, there was no apparent 

change in morphology of Kupffer cells, however there was a marked increase in the number 

of macrophages (Fig 5.6), Lipid-laden Kupffer cells and lipofuscin were not features in this 

study, 
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A B 

c D 

E 

Figure 5.6: Antibody to F4/80 was used to detect Kupffer cells in the LPS study. (A) Kupffer cells in 
sinusoids of Ctr! mice + saline, 
(C) MCD + saline 
Increased numbers of Kupffer cells are seen after LPS challenge in (B) Ctrl mice (D) MCD mice 
(E) Negative control, using PBS in place of F480 primary antibody. Immunofluorescence, 40x 
objective. 
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5.6 Histological Assessment and Biochemical Measurement of Fibrosis 

SR stains on liver sections from the LPSS and TNFS showed no fibrosis in liver samples of 

either study. To assess subtle changes in collagen deposition which may not be observed at 

the level of light microscopy, the effect of TNFa on fibrosis was measured biochemically by 

assessment of hydroxyproline in the TNFS (see 3.4). As shown in Figure 5.7, absence of 

TNFa appeared to significantly decrease hydroxyproline content in CtrI animals (p=O.0043); 

but contrary to expectations, hydroxyproline deposition was enhanced in the absence of 

TNFa when animals received MCDD, though the change was only mild and did not reach 

statistical significance (p=O.9143). Raw data is presented in Appendix 4.4. 
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CD Control ko 
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Figure 5.7: Hydroxyproline content in treatment groups of TNFS is slightly enhanced in MCD ko 
mice, though it is significantly reduced in Ctrl ko mice relative to Ctrl wt (p=O.0043). 
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Figure 5.8: (A) Hepatic TG content in TNFS is increased by MCDD, but is always less in ko mice relative to wt 
counte'lJarts, regardless of treatment (Ctrl wt versus ko p=O.3290; MCD wt versus ko p=O.9143) (B) Serum TG in 
TNFS is reduced by MCDD (p=O.0022), but is higher in ko versus wt in both MCD and Ctrl groups. (C) In the 
LPSS, hepatic TG is slightly elevated in Ctrl (but not MCD) group after LPS chal.lenge. 
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5.7.2 Phosphatidylclwline 

Due to technical difficulties, PC values were unreliable for TNFS and LPS and are not 

reported in the thesis. 

5.7.3 Effect of TN Fa on LP 

All animals on the MCDD showed evidence of LP in the TNFS (Figure 5.9). Contrary to 

expectation, knocking out TNFa enhanced rather than ameliorated LP. Although Ctrl ko 

mice had similar levels of CD to Ctrl wt, ko mice receiving the MCDD had higher levels of 

CD than MCD wt (p~O.1714). LOOlI levels were negligible in all groups. With regard to 

lTBA]{S, ko mice expressed significantly higher levels than wt counterparts (Ctrl p=O.0022, 

MCD p=O.0095). TTBARS were also elevated in ko mice versus wt, though the changes did 

not reach statistical (Ctrl p=O.0649; MCD p=02571), The ratio of mean values 

ofLP indices was calculated as an alternative view of the LP profile in the TNFS (Table 5.3), 

In Ctrl ko, although LP is enhanced, there is a preference for late products; thus the 

proportion of LOOH generated per nMol of CD is only marginally higher than Ctrl wt, whi]C 

the proportions of late products (ITBA]{S, tTBARS) are markedly increased. In MCD mice, 

though higher absolute values of LOOH are produced by ko relative to wi mice (Figure 5,9), 

the proportion of LOOH generated per unit of CD is less than ill wi mice. The proportion of 

late products (tTBARS and tTBARS) however is increased in MCD ko mice relative to wI. 

Induction ofTNFa also increased LP (Figure 5,10), though in Ctrl mice challenged with LPS 

this was only noted at the level of tTBARS (p=O,0002), Mice which received the MCDD and 

LPS had higher levels of CD (p=O. J 949), fTBARS (p=O.0207) and tTBARS (p=O.3823) than 

those in the MCD-salinc treatment group. Interestingly, the ratio of LP products Crable 5.4) 

indicates that despite higher absolute values of LP products in micc challenged with LPS, the 

proportion of LP products generated per nMol CD is only higher in Ctrl mice receiving 

LPS (relative to saline Ctrl) at the level of tTBA]{S and tTBAl~S. In MCD mice, differences 
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in absolute values are also not adequately reflected in the proportion of LP products generated 

per nMol of CD; thus MCD mice challenged with LPS generate comparable proportion of 

LOOH, higher proportion of fTBARS, and lower proportion of tTBARS relative to MCD 

mice which received i.p. saline. Raw data is presented in Appendices 4.7-4.10, and 5.5-5.8. 
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Figure 5.9: In Ctrl mice, late LP indices in the TNFS are elevated in ko relative to wt mice, while 
MCD ko mice had higher levels of early and late LP products relative to wI. Clrl tTBARS p=O.0022, 
tTBARS p=O.0649. MCD CD p=O.1714, tTBARS p=O.0095, tTBARS p=O.2571. 

1 

CD LOOH fTBARS tTBARS 

Pa'axid:diallDareter 

_ Caird + salire 
_ O:rtrd + LPS 
_ rvm+salire 

rvm+LPS 

Figure 5.10: TNFa. induction by LPS challenge enhances LP in the LPSS. Ctrl tTBARS p=O.0002; 
MCD CD p=O.1949, tTBARS p=O.0207 and ITBARS p=O.3823. 

132 



Univ
ers

ity
 of

 C
ap

e T
ow

n

========~=================================================T~Fa 

Table 5.3: Ratio ofLP indices in TNFS. 

MCDwt 

MCDko 

*Value of CD taken as 1.0 

Table 5.4: Ratio ofLP indices in LTS. 

Treatment 

Ctrl + Saline 

MCD + Saline 

MCD+LPS 

*Value of CD taken as 1.0 

Because the DIPAS 

Ratio of mean LP 
CD:LOOH:fTBARS:tTBARS 

:0.80:3.50 

1.0:0.1 8 

cells to be for 

of 4-HNE in the are absent in short tenn the main source 4-HNE 

in short tenn of the MCDD was In scenarios 

in LP are as or steatosis is 

as TNFa 

When sections were it was to wt as 

livers from both groups showed """""'5 in some but not all of the inactivated 

Occasional nonnal 
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(Figure 5.11 A and C). Similarly, livers from wt and ko mice receiving the MCDD could not 

be distinguished from one another (but were distinct from Ctrllivers). Greater numbers of 

both hepatocytes and Kupffer cells showed positive cytoplasmic staining, compared to Ctrl 

livers (Figure 5.11 B and D). Staining was strongest in macrophages that were seen in the 

necroinflammatory foci. In all treatment groups, there was considerable inter-animal 

variation in the number of positive cells. 

o 

Figure 5.11: 4-HNE-protein adducts are detected in hepatocytes of the TNFS (A) Ctrl wt (B) MCD 
wt (C) Ctr! + ko (D) MCD ko. Kupffer cells in sinusoids can also be seen staining positive for protein 
adducts of 4-HNE. 20x objective. 
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5.8 Relationship Between CYP2El Activity and TNFa in the Rodent Nutritional 

Model of NASH 

Because of the unexpected effects ofTNFa knockout on LP, and the role of CYP2El as a 

catalyst of microsomal LP (Weltman et al., 1996; Leclercq et at., 2000), CYP2El activity in 

the presence and absence of this cytokine was investigated. Consistent with the findings of 

increased LP in ko mice, abolition ofTNFa also increased CYP2El activity (Figure 5.12). 

Although the change was negligible in CtrJ mice, it was striking in MCD ko versus wt 

(p=0.1143). Raw data is presented in Appendix 4.11. 

0.10 

0.075 

0.050 

0.025 

O.ooo..L-------iiii-----L----1.-

Treatment group 

_ Control wt 
_ Control ko 
c::::J MC D wt 
_ MCD ko 

Figure 5.12: CYP2El activity is enhanced in TNFa ko mice relative to wt, however this difference is 
only noteworthy in animals receiving the MCDD (p=O.1143) 

5.9 Serum TNFa 

TNFa was measured in serum from the LPSS, diluted Y2, 1/3, and 1/9. These dilutions 

proved too low for detection ofTNFa on the standard curve. There was no remaining 

neat serum for repetition of the assay. 
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Mean values of baseline: ALT 
UBARS O.58nMollmg; tTBARS 

Table 5.5 ~"U'~'J of effect of out TNFa on biochemical markers of MCDD-induced NAFLD. Values are 

Mean values of baseline: AL T 
fIBARS I. 5nMollmg: tTBARS 

Table 5.6 
of baseline. 

of effect of TNFa induction on biochemical markers of 

423 
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escape detection. Staining for CD3+ cells would detcet T lymphocytes of 

subclass, and since this collective number may exceed the number of each type that is 

separately detectable, the presence of T cells may thus be established. Alternatively, flow 

cytometry (FACS) is a sensitive technique which would analyse and sort lymphocte 

subpopulations in the infiltrate. 

Immunocytochemistry did, however, show the presence of macrophages/Kupffer cells. Since 

Kupffer cells are normal resident cells of the liver, they were also detected in Ctrl samples, 

where they were usually spindle shaped and located in the sinusoids. In livers from YlCD 

mice, Kupffer cells were numerous, enlarged and irregular, and contained lipid droplets and 

lipofuscin. The presence of PMNs and Kupffer cells in the MCD model of NAFLD is 

unsurprising. Imminent LP is indicated by elevated levels of CD within 1 day of feeding the 

MCDD (Rushmore e/ aI., 1984). Since LP products upregulate adhesion molecules and are 

chemoattractant for neutrophils (Pessayre et ai., 1999), the peroxidative process may be at 

least partly responsible recruitment of PMN populations seen in the MCD model and 

human NASH. Kupffer cells are instrumental in ingestion and processing of cellular debris 

and, with PMN, are also a source of oxidative stress. Finally, inflammatory cells are also key 

players in the initiation of the cytokine ca,;caoe, and although cytokine production is intended 

to be hepatoprotective, it may contribute to liver injury. 

The MCDD and alcohol also elevated LP in the rodent nutritional model of NASH. LP is 

currently believed to be a driving force behind a diverse array of diseases. But since 

(1) antioxidant defences (in the way of non-enzymatic radical scavengers such as glutathione 

and a-tocopherol, and enzymes such as MnSOD and catalase) normally exist to counteract 

the effects of cellular oxidative stress, and (2) assessment of LP in all studies required 

mechanical tissue disruption (thereby bringing into contact peroxidizable substrates, 

lipoxygenases and free radicals), the levels of LP presented in all studies may not be an 

accurate repres~'J1tation of in vivo LP in the MCD model. Furthermore, while differences did 
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exist between animals receiving ;vlCDD and Ctrl counterparts with respect to CD and free 

TBARS, the most striking change resulting from administration of MCDD often occurred at 

the level of total TEARS. The TBARS assay is, however, fundamentally flawed. The pink 

chromogen resulting from reaction of late LP products with thiobarbituric acid (TBA) must be 

generated by heating samples at 100°C for 15min and heat drives LP. In addition, 

although the assay is often used as a measure of the scission product malondialdehyde 

(MDA), two molecules of which react with TEA to yield the stable pink chromogen, TEA 

reacts with a considerable number of other compounds, including pyrimidine, 2-

aminopyrimidine and sulfadiazine; unsaturated aldehydes (alone or in the presence of a 

sugar), and saturated aldehydes in the presence of sugars. TBA also reacts with oxidised 2-

deoxyribose (Knight el al., 1988). It is acknowledged that some of these reactions may not be 

relevant in a system utilising hepatic lipid rather than the popularly tissue 

homogenate; however, the assay for total TEARS (tTEARS), though accepted in the field as a 

legitimate tool, is still dubious, Since it does not incorporate an antioxidant, it measures not 

only hepatic TBARS present at time of sacrifice but also TBARS generated during 

subsequent tissue processing and heating of extracted lipid. Thus the remarkable levels of 

total TBARS recorded for all studies are, to a large extent, artefact. The levels of free 

TBARS (ITBARS), which are measured in the presence of an antioxidant, may be more 

realistic (and are understandably much lower), however even these may be hampered by 

cross-reaction of TBA with other molecules; in addition, some small molecules of ITBARS 

may be potentially volatile and reactive Marais, personal communication). 

Although the cytotoxic and profibrogenic effects of LP products have been described (see 

2.2.1), the issues discussed above demand that the role of LP in the MCD model be 

scrutinized more critically, More sophisticated methods for measurement of in vivo and in 

vitro LP would reveal the level of meaningful peroxidation OCCUlTing during progressive liver 

disease. A time course of generated and analysed alongside other markers of hepatic 
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mice, absolute values of LOOH displayed the same unexpected pattern seen for [TBARS in 

the STS; thus consumption of 8% alcohol elevated LOOH to 170% above baseline, but 

consumption of 20% alcohol decreased LOOH to 63% of basehne, However, as with 

tTBARS, the nMols of LOOH ~en,er",terl per nMol of continued to increase in proportion 

to alcohol concentration. ~TBARS showed a concentration-dependent decline in Ctrl mice, 

both in tenTIS of absolute value and proportion of fTBARS generated per nMol of CD, The 

MCDD alone significantly elevated all indices of LP except fTBARS (which were 

unexpectedly reduced), relative to the overall baseline. In mice consuming alcohol and the 

MCDD, CD levels were elevated to 136% above the MCD baseline (8% alcohol), but dropped 

to 86% of the MCD baseline when mice consumed 20% alcohol. A similar n211'"m was seen 

for tTBARS. Absolute values of LOOH and 

concentration-dependent increase in mice on the MCDD and alcohoL 

showed an alcohol 

If it is assumed that the LP assays are essentially a valid indication of the status of as well 

as the profile of LP products in the MCD model, the data presented strongly suggests that, 

although LP may be upregulated by alcohol andlor a lipotrope deficient diet, these 

interventions cause different fluxes in the LP pathway, In short, different treatments may 

favour generation of different types of products at the expense of others. Further studies are 

required to understand the implications of these findings. 

A common late LP product, 4-HNE, is stable and can diffuse to sites distant from the point of 

origin. The effects of 4-HNE include inhibition of RNA and DNA synthesis, modification of 

proteins, stimulation of neutrophil migration, enzyme inhibition and activation of stress­

signalling pathways (Luckey and Petersen, 2001), To investigate the source of this cytotoxic 

product of LP, immunohistochemistry was conducted to detect protein adducts of 4-HNE. 

The results showed that in the LTS, DiPAS positive Kupffer cells appeared to be the SOurce of 

4-HNE. The enlarged DIPAS positive Kupffer cells in the LTS probably represent a reaction 

to significant hepatic damage, at which time they are responsible for phagocytosis and 
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2, The MeDD is associated with inflammation, comprised mainly of Pl\fN and 

macrophages/Kupffer cells, the latter of which arc demonstrably a source of a 

cytotoxic LP product, 4-HNE, 

3, MCDD resulted in only mild pericellular fibrosis in zone 3, Contrary to expectation, 

this was not enhanced by the addition of alcohol in either the STS or L TS, 

4, Alcohol consumption aggravates NAFLD, as indicated by elevated 

aminotransferases, increased lipid accumulation and decreased TG export, Alcohol 

consumption also favours enhancement of some indices of [ ,p, 

However, because minor signs of alcohol-induced hepatic damage are evident even in 

Ctrl animals, the levels of alcohol utilised in the STS and LTS cannot be considered 

"insignificant", Although metabolic differences discourage direct comparisons 

between the effect of alcohol consumption on rodents and humans, the results of the 

STS and [ :rs raise the possibility that so-called "insignificant" amounts of alcohol 

consumed by some patients with NAFLD may in fact be contributing to the liver 

injury that is currently designated as "non-alcoholic", However, verification of this 

theory will require further analyses, which would whittle down boundaries in order 10 

establish the threshold, if one exists, at which alcoholic liver injury becomes 

superimposed on hepatic injury of non-alcoholic aetiology, For example, furore 

studies could investigate the effect of very low alcohol levels on NAFLD, However, 

it is likely that other factors will continue to affect the wayan individual reacts to 

alcohol in the context ofNAFLD, For example, the rate of alcohol metabolism, and 

clearance of the toxic product aceltaldehyde, varies from individual to individual 

(Boggan,2003), This may be affected by such factors as polymorphisms in the genes 

for alcohol dehydrogenase (ADH), which catalyses the reaction 

CH,CH,OH + NPdJ------jI> CH,CHO + NADH + W 

The effects on lipid metabolism of a homeostatic imbalance introduced by excess 

reducing equivalents (NADH) have been previously discussed, In addition, the well­

documented intolerance to alcohol in some Asian populations due to alleles of ADH2 
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seen in MCn samples in the LTS. As expected, however, the number of Kupffer cells was 

increased by LPS challenge. 

Contrary to expectations, however, knocking out TNFa did not protect against LP. In Ctrl ko 

mice, CD levels were the same as in wt. However, although levels of LOOH minimal in all 

groups, these products were increased 200% in Ctrl ko, while ITBARS and tTBARS were 

elevated 964% and 208% above baseline, respectively. LP products were unilaterally 

increased in Ctrl ko with increased generation of LOOH, ITBARS and tTBARS per 

nMol CD, compared to Ctr! ko. In comparison to MCD wt, MCD ko mice had elevated levels 

of CD (! 78%), LOOH (129%), ITBARS (889%) and tTBARS (392%). However, although 

the proportion of ITBARS and tTBARS generated per nMol of CD was also elevated in MCD 

ko relative to wt, the IlMols of tOOl! generated per nMol CD was less in 

It is not known whether this renects an inhibitory effect on lipooxygenases. 

ko than wt. 

LPS challenge of Ctrl mice caused modest and consistent changes in absolute values of CD 

(120%), LOOH (113%) and fIBARS (126%), though (mARS were strikingly elevated 

(319%) compared to baseline. In addition, proportion of LOOH produced per nMol of CD 

remained the same in CtrllLPS mice, while ITBARS only showed a moderate increase. The 

proportion of tTBARS generated per nMol CD reflected absolute values and was much higher 

than in Ctrllsaline mice. 11,;S data may suggest that TNFa induction generates a "controlled" 

peroxidative process. In MCD mice, absolute value of all LP products were also enhanced by 

TNFa induction, though as with Ctrl mice, the plOportion all these products produced per 

nMol of CD was not significantly different from MCD/saline. The effect of LPS on LP has 

been documented (Basu and Eriksson, 2000; Bochkov el al., 2002), and is believed to be due 

in part to LPS-induced nitric oxide synthase activity (Basu and Eriksson, 2000). It has been 

suggested (Bochkov el ai, 2002) that the enhanced LP is due to rapid oxidation of PL (in part 
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due to the oxidative burst), and that these oxidised PL products actually enter a feedback loop 

to moderate or blunt the inflammatory response to LPS, thus averting septic shock. 

LP is widely considered to be a direct, deleterious consequence of TG accumulation. 

Although the TNFS and LPSS both documented an increase in indices of LP in fatty liver, the 

data suggests that a significant and direct role of TG accumulation in hepatic LP is 

questionable. In the TNFS, for example, ko animals consistently displayed elevated LP 

relative to wt counterparts, despite lower hepatic TG. In the LPSS, increased LP after LPS 

challenge was also not associated with a noticeable increase in hepatic TG. Furthermore, 

Rushmore et at. (1984) observed elevated CD (indicative of an imminent peroxidative 

process) within I day of feeding the MCDD, before significant TG accumulation occurs. This 

suggests the surprising possibility that LP in a fatty liver is not exclusively a consequence of 

peroxidation of accumulated TG. Clearly, however, the two processes are linked: ROS and 

free radicals generated during peroxisomal oxidation, and by inflammatory cells, may initiate 

LP in TG by attack on polyunsaturated FA side chains attached to glycerol, though 

lipoxygenases (which catalyse formation of LOOH) cannot (Spiteller, 2002). Since in LP it is 

not so much the nature of the initiation process that counts, this is sufficient to set in motion a 

chain of events that generate and further propagate LP. Polyunsaturated membrane PL in the 

viCinity of these LP products, which are readily accessible and highly susceptible to attack, 

would soon become the preferred peroxidation substrates. This two-step peroxidative process 

would explain the absence of a direct correlation between hepatic TG content and LP seen in 

our studies. The higher LP indices in ko mice could be a possible result of an undescribed 

role for TNFu in recruiting antioxidant defence mechanisms that normally confer some 

protective function on membranes against LP. 

Because DIP AS positive Kupffer cells were absent in the TNFS and LPSS, the source of the 

late LP product, 4-HNE, during short term administration of the MCDD was investigated. 

Although positive staining for 4-HNE-protein ad ducts was not prominent in any treatment 
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group, hepatocytes and Kupffer cells in the sinusoids were the source of 4-11NE in the TNFS. 

Hepatocytes containing 4-HNE were more prominent in livers of mice receiving the MCDD, 

however they were also occasionally found in livers of ko and '>'>1 mice on the Ctrl diet. 

There are at least two possible scenarios explaining the presence of 4-HNE in hepatocytes 

the TNFS, but not LTS. Firstly, it is conceivable 4-Hl'."E may be generated after long term 

administration of the MCDD from reaction of ingested, peroxidized hepatocy1e membrane 

lipids with DIP AS Kupffer cell membranes, as well as ROS produced as a consequence of the 

oxidative burst. The second scenario, described below, involves the ability of Kupffer cells to 

metabolisc 4-HNE. 

The absence of 4-HNE in hepatoeytes of MCD mice of the LTS may be due to the ability of 

hepatocytes to detoxify and metabolise this compound using alcohol dehydrogenase (ADII), 

aldehyde dehydrogenase (ALDH) and, especially, glutathione S-transferase (OST) enzymatic 

pathways (Luckey and Petersen, 2001). In response to LP, it is possible that these pathways 

may be upregulated in hepatocytcs, leading to more efficicnt disposal of 4-HNE with timc. 

Kupffer cells, however, have 45 times lower cellular glutathione levels than hepatocytes, and 

these levels diminish significantly after exposure to 4-HNE due to limited Kupffer cell 

capacity to metabolise this compound. Viewed in terms of efficiency, Kupffer cells are 100-

fold less efficient than isolated hepatocytes at mctabolising 4-HNE (Luckey and r-eler"en 

200 I). Thus, it is also conceivablc that the observed staining in the L TS is the result of 

prolonged build-up of this compound in Kupffer cells. 

With regard to CYF2E I, the interesting finding in this projcct was the unexpected relationship 

between this enzyme and TNFa. As discusscd, CYF2El is upregulated in human 

NA.FLD!NASH, which is also associated with increased levels of TNFa. The motivation for 

measurement of CYF2El activity in the TNFS was the hypothesis that abolition of TNFa 

155 



Univ
ers

ity
 of

 C
ap

e T
ow

n

================~-------~===== Discussion 

would mitigate features of hepatic injury, and it was expected that this could be reflected in 

terms of reduced CYP2El activity. However, knocking out TNFa increased C¥P2EJ 

activity. This may correlate with the finding that TNFa ko mice also have elevated levels of 

hepatic LP in the MCD model of NASH. Although the exact reasons for the elevated 

CYP2El activity in TNFa ko mice are cun·ently unclear, a recent study of Fao rat hepatoma 

cells (which constitutively express CYP2EI) suggests that proinflammatory cytokincs (ILIi3, 

IL-6 and TNFa) have a rapid (within 24h) and strong inhibitory effect on CYP2El 

transcription. Levels of C¥P2E I protein are also decreased, however this effect is not 

observed until 72h after cytokine administration (Hakkola el at., 2003). Whether this is 

relevant in the MCD model is not known, and investigations of CYP2EI activity were not 

conducted on the LPSS. This was due to the preconceived misconception at the start of this 

study that DFa was pivotal in liver inJUry, and that therefore TNFa induction would simply 

enhance all markers and contributors to liver injury, including C¥P2EI. However, the results 

of the Tl\l'S study clearly challenge this hypothesis, and the effects of LPS on C¥P2EJ arC in 

fact extensively documcnted in the literature (Saitoh el at., 1999; Renton and Nicholson, 

2000; Cheng el ai, 2003). A recent report documented downregulation of CYP2EI 

transcriptional activity in rats to 10% of controls after LPS administration (Cheng el al., 

2003). LPS injection into the lateral ventricle was also accompanied by loss of C¥P2El 

activity in an earher study (Renton and Nicholson, 2000). Due to various constraints, it is not 

possible at this time to investigate CYP2EI activity in an LPSS, however it is presumed that 

if conducted, future analyses will corroborate the findings of el at. (2003). 

Serum ThFa could not be detected in the LPSS because samples were too dilute, however 

TNFa upregulation is a well known consequence of LPS challenge, and is in fact responsible 

for many of the negative effects of LPS (Raeburn el at., 2002; Ulmer el at., 2002). In a study 

using rats, TNFa was elevated as a result of the MCDD, and further increased after LPS 

administration (Chawla e/ at., 1998). In another study on rats receiving the MCDD and LPS, 
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Figure 6.1: Simplified schematic diagram of the interplay of pathogenic mechanisms in NAFLD. The effects of MCDD, TNFo: and ethanol, as suggested by data in this project, are indicated. 
CE: Cholesterol ester; Chol.: Cholesterol; E: Endothelial cells; FABP: Fatty acid binding protein; FC: Free cholesterol; H: Hepatocytes; HSC: Hepatic stellate cell; IR: Insulin receptor; IRS: Insulin 
receptor substrate; K: Kupffer cell; LDLR: Low density lipoprotein receptor; Lys.: Lysosome; M: Mitochondria; Micros: Microsome; MTP: Mitochondrial uiglyceride transfer protein; N: Nuclei; 
NEFA: Non-esterified fatty acids; PE: Phosphatidylethanolamine; PS: Phosphatidylserine; RER: Rough endoplasmic reticulum; SER: Smooth endoplasmic reticulum; 0): w-oxidation. 
Diagram adapted and modified with permission from a diagram by D. Marais. Infonnation represented encompasses both data from existing literature, and from this project. 

158 



Univ
ers

ity
 of

 C
ap

e T
ow

n

================================ Discussion 

Concluding remarks 

There was a time when fatty liver was overlooked as an insignificant finding with "benign" 

outcome. However, since the landmark paper by Ludwig e/ al.(l980) circumscribed the 

constellation of findings (macrovesicular steatosis, lobular necroinflammation, and even 

Mallory bodies) under the name "nonalcoholic steatohepatits", and linked them to metabolic 

disturbances in nondrinkers such as obesity and diabetes mellitus II, NASH has come to hold 

a place of prominence. This has been aided by the understanding that, while extensive and 

nonprogressive fatty liver may and does exist for long periods, for example in kwashiorkor 

(Day and Yeaman, 1994), steatosis with inflammation (steatohepatitis) can lead to 

development of advanced pathology, and progress to fibrosis, cirrhosis, liver failure and even 

hepatocellular carcinoma. NAFLD/NASH can no longer constitute an obscure finding, but a 

potentially serious form of clrronic liver disease which now ranks among the most COmmon 

liver-related conditions in the world. 

The exact reasons detennining disease progression are not clearly understood, however a 

"two hit" hypothesis has been proposed (Day and James, 1998). According to this model, 

steatosis (the first "hit") renders a liver vulnerable to the effects of second "hits" such as 

enhanced LP and oxidative stress, upregulation of andlor increased sensitivity to TNFa, 

progressive JR, and other factors associated with lipotoxicity, all of which drive hepatic 

dysfunction. The results of this project also strongly suggest that consumption of even low 

levels of alcohol could contribute to further liver injury, and should thus be discouraged in 

patients with NASH. 

Numerous animal models, as well as some human studies, have attempted to understand what 

appears to be an increasingly complex picture of the pathogenic mechanisms of NASH. 

Although these investigations have identified a number of factors, many of which are 

associated with control of lipid metabolism, insulin action and immunomodulation, a concise 
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pathogenic model for NASH is still lacking. Indeed, what has emerged so far resembles more 

a tangle of intriguing and sometimes contradictory information. 

As a case in point, TNFa was, until recently, considered by some parties to be a pivotal 

player in the development of NASH. However, the findings in this project suggest that, while 

TNFa is important in development of liver inJury, its role is neither vital nor unique . A recent 

study of NASH patients also revealed no TNFa (Perrella el aI., 2003), in contrast to other 

studies where significant upregulation of this cytokine was associated with NASH (Crespo el 

al., 2001; Wigg el ai., 200 I; Kugelmas el ai., 2003). 

Much remains to be clarified about the true meaning of, and mechanisms driving the 

pathogenesis of, NASH. Such an understanding will be instrumental for development of safe 

and effective treatment options. It may well be that in the future, the term NASH will be 

essentially abandoned for the more appropriate term "NAFLD", which represents a more 

comprehensive description encompassing the spectrum from fatty liver alone to NASH with 

fibrosis/cirrhosis (Matteoni el aI., 1999). It is also possible that NASHlNAFLD may 

ultimately be inadequate to describe a single, universal entity, but rather is the end result of 

many potential initiating and interacting causes. In the same vein, the pathogenic 

mechanisms at play in each "subtype" of NAFLD would then come to reflect the initiating 

causes or "hits", with diagnosis (1) based on correlation of laboratory and histopathological 

findings with the accepted standards for NAFLD, and (2) an account of the relevant factors 

suspected to be responsible for disease initiation and progression . Treatment would then be 

tailored to counteract these factors. 

Although no type of liver injury may necessarily be summarised by a simple formula such 

that Factor A + Factor B always equals Factor C, the scenario described above would explain 
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====================== ======== Discussion 

the disparate findings from different studies, and may help clinicians provide more suitable 

treatment options for affected patients. 

Future work will hopefully establish the following 

I. A better animal model of NAFLDINASH, possessing more key features relevant to 

human NASH. 

2. The role of alcohol, and the stage at which it exerts an effect on fatty liver disease of 

supposedly non-alcoholic aetiology. 

3. The level of LP occurring in vivo, the lipid subclasses (TG and/or PL) affected, and 

negative and/or positive effects of this process. 

4. The role of TNFa, and the validity of treating certain "types" of NASHlNAFLD with 

antibodies to TNFa. 

5. The role ofCYP2El and its relationship to TNFa in pathogenesis ofNAFLDINASH. 

6. The role of isotypes of PP AR. 

7. The role of leptin: Leptin expression is increased in the obese NASH patient; however, 

although studies of rodents lacking functionalleptin expression or signalling indicate that 

it is essential for development of fibrosis (suggesting for a moment that this may be the 

critical "missing link" explaining progressive liver disease), leplin expression does not in 

fact correlate with fibrotic severity in humans (Chitturi el ai., 2002). To further confound 

the investigator, leptin, which is also induced by TNFa, is also now believed to exert 

protective effects against TNFa-mediated toxicity (Takahashi el al., 1999) I The complex 

roles of leptin (both beneficial and detrimental) remain to be elucidated. 

8. The role of transcription factors: Nuclear factor kappa beta (NFKj3). Because of its 

antiapoptotic effects, this transcription factor enjoyed a moment in the limelight when it 

was considered a possible key to the toxic effects of TNFa (Tilg and Diehl, 2000). 

According to a version of the "two hit" hypothesis in which the role of TNFa is 

considered central (Tilg and Diehl, 2000), hepatocytes become sensitised to the effects of 
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Appendix l(a) 
Composition of custom methionine choline deficient diet (lCN Biomedicals) 

Component Quantity in 7kg diet igl 
Sucrose 3152 
Com starch 1400 
Com oil 700 
Alphacell non-nutritive bulk 210 
AIN mineral mix 245 
Dicalcium phosphate 21 
L-Alanine 24.5 
L-Arginine HCI 84.7 
L-Asparagine monohydrate 42 

I L-Aspartic acid 24.5 
L-Cystine 24.5 
L-Glutamic acid 280 
Glycine 163.1 
L-Histidine HC1 31.5 
L-Isoleucine 57.4 
L-Lysine HCI 77.7 
L-Phenylalanine 126 
L-Proline 52.5 
L-Serine 24.5 
L-Threonine 24.5 
L-Tryptophan 12.6 
L-Tyrosine 35 
L-Valine 57.4 

, D-, L-<x Tocopherol acetate (250U/g) 3.388 
Vitamin A palmitate (250 OOOU/g) 0.554 
Vitamin D3 (400 OOOU/g) 0.039 
Ethyoxyquin 0.14 
Biotin 0.003 
D-Calcium pantothenate 0.463 
Folic acid 0.014 
Inositol 0.771 
Menadione 0.347 
Niacin 0.694 

, P-aminobenzoic acid 0.771 
Pyridoxine HCI 0.154 
Riboflavin 0.154 
Thiamine HCI 0.154 
Vitamin BI2 0.208 
Ascorbic acid 7.116 
Com starch 24.1 52 
*Ctrl diet IS supplemented with choline chlonde (14g) and D-,L-methlOnme (2Ig) 

Appendix l(b): TG values in MCD and Ctrl diets (70me/2m1 SEAP) 
MCD diet 10ui 2.37~g 

MCD diet 30ul 3.92~g 

Ctrl diet 1 Qui \.60ug 
CITI diet 30ul 4.70ug 

178 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.1: 

Mouse # 1 

7 
Mouse #1 8 
Mouse #1 9 
Mouse #2 9 
Mouse #3 9 
Mouse #4 9 
Mouse #1 
Mouse #2 

MCD/8% 

MCD/8% 

MCD/8% 

MCD/8% 

MCD/8% 

MCD/8% 

LTS 

27.0 
28.8 
31.0 
31.0 

27.5 
34.8 
31.6 
25.4 
33.4 
33.1 

Mass at 
Week 4 

23.8 
25.9 
24.6 
23.3 

Mass at 
WeekS 

23.0 
21.8 
21.8 
21.7 
20.5 
23.6 
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Treatment Mass at 
WeekS 

MCD/8% 33.0 
MCD/8% 30.3 
MCD/20% 

MCDI20% 

Mouse #1 
Mouse #1 
Mouse #2 4 
Mouse #1 5 
Mouse #2 5 
Mouse #3 5 
Mouse#l 6 
Mouse #1 7 
Mouse #2 7 
Mouse #1 8 
Mouse #1 9 29.3 29.5 
Mouse #2 9 28.4 30.2 30.7 
Mouse #3 9 30.8 30.7 32.2 
Mouse #1 10 30.2 30.8 31.0 
Mouse #2 27.2 27.4 
Mouse #1 
Mouse #2 
Mouse #3 
Mouse #1 2 

2 
2 
3 
4 33.4 
5 CrrllWater 21.9 22.4 23.2 3.8 

use #2 5 Crrl/Water 22.2 22.9 24.1 24.1 24.4 5.0 
5 CtrIlWaler 24.5 25. 25.9 26.9 27.6 28.4 
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Treatment Mass III Mass at Mass at 
Week 0 Week I Week 2 

26.6 27.2 28.5 
28.4 29.5 29.9 
21.8 25.4 25.5 25.2 
28.9 29.9 30.7 31.6 

29.1 
26.2 

3 
4 
4 27.5 
4 23.6 
5 25.6 
5 27.4 
6 31.6 

35.0 

24.2 24.2 
24.9 24.9 

Ctr1l20% 24.7 24.4 
Ctr1/20% 27.1 27.9 
Ctr1/20% 

Ctr1/20% 

CtrV20% 

Mouse #3 
Mouse #1 7 27.0 28.7 
Mouse #2 7 29.2 30.3 
Mouse #3 7 Ctr1120% 25.6 26.2 28.6 
Mouse #4 7 Ctr1/20% 24.2 24.5 24.8 25.5 
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Treatment 

MCD/8% 

MCD/8% 

MCD/20% 

CtrllWater 

Ctrl/Water 

Ctrl/Water 

C1T1lWater 27.6 
CtrllWater 29.6 

Mass at 
Week 9 

21.0 
2 .9 

37.4 
30.2 
27.8 
30.7 
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Weeks 10-14 

Cage # Treatment Mass at Mass at Mass at Mass at Mass at 
Week 10 Week II Week 12 Week 13 Week 14 

Mouse # I 1 MCD/water Sacrificed June 24, 2002jor preliminary 
Mouse # 2 1 MCD/water assessment oj liver changes 
Mouse # I 2 MCD/water 17.6 16.9 
Mouse #2 2 MCD/waler 18.5 18.5 
Mouse #1 3 MCD/waler 16.6 16.0 Sacrificed July 30, 2002 
Mouse #2 3 MCD/water 20.6 20.4 
Mouse #1 4 MCD/water 18.1 18.9 
Mouse #2 4 MCD/waler 15.8 14.3 Found eaten July 30, 2002 
Mouse #1 5 MCD/waler 19.7 18.6 18.1 
Mouse #1 6 MCD/water 21.5 21.1 20.0 
Mouse #1 7 MCD/water 17.8 16.8 16.1 
Mouse #1 8 MCD/waler 18.5 18.1 

Sa cr. - 15.08.02 
Mouse #1 9 MCD/waler 20.4 19.7 19.1 
Mouse #2 9 MCD/water 21.7 21.1 20.8 
Mouse #3 9 MCD/water 19.1 18.8 18.2 
Mouse #4 9 MCD/waler 15.6 15.2 15.0 
Mouse #1 1 MCD/8% 19.1 18.7 
Mouse #2 1 MCD/8% 17.1 16.6 
Mouse #3 1 MCD/8% 17.3 16.9 Sacrificed July 30,2002 
Mouse #1 2 MCD/8% 16.1 15.6 
Mouse #1 3 MCD/8% 18.6 17.9 
Mouse #2 3 MCD/8% Found (eaten) July 16,2002 
Mouse #3 3 MCD/8% 20.0 18.3 Sacrificed JUly 30, 2002 
Mouse #4 3 MCD/8% 18.5 17.9 
Mouse #1 4 MCD/8% 17.5 16.9 16.4 
Mouse #1 5 MCD/8% 22.7 21.6 20.0 
Mouse #2 5 MCD/8% 20.6 19.6 19.2 Sacr. 

Mouse #3 5 MCD/8% 16.8 16.5 16.1 
15.08.02 

Mouse #1 6 MCD/8% 20.3 19.2 18.7 
Mouse #2 6 MCD/8% 20.7 19.9 19.1 
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Cage # Treatment Mass at Mass at Mass at Mass at Mass at 
Week 10 Week 11 Week 12 Week 13 Week 14 

Mouse #3 6 MCD/8% 19.8 19.1 18.7 Saer. 
Mouse #1 7 MCD/8% 21.1 20.4 19.8 15.08.02 

Mouse #1 1 MCD/20% 19.5 18.9 
Mouse #1 2 MCDI20% 18.7 17.5 
Mouse #1 3 MCD/20% 15.9 16.0 
Mouse #1 4 MCD/20% 17.8 17.2 Sacrificed July 30, 2002 
Mouse #2 4 MCD/20% 16.2 17.8 
Mouse #1 5 MCDI20% 17.4 16.7 
Mouse #2 5 MCD/20% 19.0 17.9 
Mouse #3 5 MCD/20% 19.0 18.1 
Mouse #1 6 MCD/20% 21.3 21.2 20.2 
Mouse #1 7 MCD/20% 16.9 16.1 16.0 Saer. 

Mouse #2 7 MCD/20% 18.6 17.5 17.1 15.08.02 

Mouse #1 8 MCD/20% 19.9 19.3 18.9 
Mouse #1 9 MCD/20% 19.0 18.3 Found eaten 

AUJ!ust 05,2002 
Mouse #2 9 MCD/20% 19.6 19.0 18.7 
Mouse #3 9 MCD/20% 20.4 19.5 19.1 Saer. 

Mouse #1 10 MCD/20% 19.0 18.2 17.7 15.08.02 

Mouse #2 10 MCDI20% 19.7 18.7 18.2 
Mouse #1 1 CtrllWaler 40.4 
Mouse #2 1 CtrllWaler 30.7 
Mouse #3 1 CtrJlWater 34.2 

I Mouse#1 2 CtrllWaler 33.7 Sacrificed July 24, 2002 
Mouse #2 2 CtrllWaler 38.9 
Mouse #3 2 CtrJlWaler 33.7 
Mouse #1 3 CtrllWaler 33.8 
Mouse #1 4 CtrllWaler 32.3 
Mouse #1 5 CtrllWaler 28.4 27.6 31.5 Found 
Mouse #2 5 CtrllWater 26.1 25.9 29.4 dead 

Mouse #3 5 CtrllWaler 28.2 27.4 30.6 12.08.02 
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Cage # Treatment Mass at Mass at Mass at Mass at Mass at 
Week 10 Week II Week 12 Week 13 Week 14 

Mouse #4 5 CtrllWater 35.2 34 .2 36.2 Found 
dead 
12.08.02 

Mouse #1 6 CtrllWater 39 .8 38.7 39.1 
Mouse #1 7 CtrllWater 28.3 26.3 28.4 Sacr. 

Severe 13.08.02 
hair loss 

Mouse #1 8 CtrllWater 41.6 38.6 43.7 
Mouse #1 1 Ctr1/8% 30.5 
Mouse #1 2 Ctr1/8% 29.3 
Mouse #2 2 Ctr1l8% 32.2 
Mouse #3 2 Ctr1/8% 33.2 
Mouse #4 2 Ctr1/8% 27.8 Sacrificed July 24, 2002 
Mouse #1 3 Ctr1/8% 28.7 
Mouse #2 3 Ctr1l8% 30.9 
Mouse #3 3 Ctr1l8% 31.3 
Mouse #4 3 Ctr1l8% 30.1 
Mouse #1 4 Ctr1/8% 33 .3 31.5 35.5 
Mouse #2 4 Ctr1l8% 30.8 28.7 33.7 
Mouse #3 4 Ctr1l8% 28.2 25.7 29.7 
Mouse #1 5 Ctr1/8% 27 .0 27.0 29.2 

Sa cr. 
13.08.02 

Mouse #2 5 Ctr1/8% 30.0 29.7 32.1 
Mouse #1 6 CtrJ/8% 36.3 36.0 37.3 
Mouse #1 7 Ctr1/8% 42.2 40.9 42.3 
Mouse #1 8 CtrJl8% 29.5 29.8 31.2 
Mouse #1 1 Ctr1/20% 39.3 
Mouse #1 2 Ctr1120% 33 .8 
Mouse #2 2 Ctr1l20% 28 .7 Sacrificed July 24, 2002 
Mouse #3 2 Ctr1/20% 31.8 
Mouse #4 2 Ctr1/20% 27.4 
Mouse #1 3 Ctr1l20% Found dead Tuesday July 02, 2002 
Mouse #1 4 Ctr1l20% 36.8 Sacrificed July 24, 2002 
Mouse #1 5 Ctr1/20% 31.6 
Mouse #1 6 Ctr1/20% 30.8 29.9 30.3 
Mouse #2 6 Ctr1/20% 31.9 29.8 32.0 
Mouse #3 6 Ctr1l20% 28.4 31.6 34.3 Sacr. 

Mouse #1 7 Ctr1/20% 29.8 27.7 31.8 
13.08.02 

Mouse #2 7 Ctr1120% 34.6 32.7 36.5 
Mouse #3 7 Ctr1120% 34.2 31.8 36.0 
Mouse #4 7 Ctr1l20% 28.1 26.5 30.7 
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2.2: Sacrifce details used in assays, AL T 
and 2 

New 
no. 

2 

3 

4 CtrlfWater 

5 CtrlfWater 

Mouse #3 CtrlfWater 

7 Mouse #1 CtrlfWater 

8 Mouse #1 CtrlfWater 

9 Mouse #1 Ctr1/8% 

10 Mouse #1 Ctrl/8% 

II Mouse #2 2 Ctr1/8% 

12 Mouse #3 2 Ctr1/8% 

13 Mouse #4 2 Ctr1l8% 27.8 1.4 27.4 
14 Mouse #1 3 Ctr1/8% 28.7 1.4 28.0 

Mouse #2 Ctr'll8% 30.9 1.0* 28.0 
? 

30.6 

21 Ctr1120% 31.0 
22 Ctr1/20% 27.0 
23 Ctr1/20% 27.2 
24 Mouse #1 Ctr1/20% 33.2 
25 Mouse # 1 2 16.6 
26 Mouse #2 2 17.8 
27 Mou 
28 Mouse #2 3 
29 Mouse #1 4 
30 Mouse #2 4 
31 Mouse #1 
32 Mouse #2 
33 Mouse #3 I 
34 Mouse #1 2 MCD/8% 15.2 
35 Mouse #1 3 MCD/8% 16.8 
36 Mouse #3 3 MCD/8% 17.4 
37 Mouse #4 3 MCD/8% 17.2 
38 MCD/20% 18.6 
39 MCD/20% 17.4 
40 MCDI20% 15.6 
41 MCDI20% 

42 MCD/20% 

43 Mou MCD/20% 

44 Mou MCDI20% 

45 MCDI20% 
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Sacrifice Details for Group 2 Mice 

Ncw Cage # Treatment Wght. at Body Weight 

No. Weekt) Weight of liver 

Mouse #J 5 CtrllWater 31.5 Found dead 
Mouse #2 5 CtrllWater 29.4 Monday August 
Mouse 1113 5 CrrllWater 30.6 13,2002 
Mouse #4 5 CrrJ..l\\later 36.2 

50 Mouse #1 6 CtrllWater 39.1 33.8 0.8 
51 Mouse #1 7 CtrJIWat.er 28.4 36.4 1.2 

I 49 Mouse 'Ill 8 CtrllWater 43.7 33.8 0.8 
S2 Mouse #1 4 Ctr1l8% 35.5 31.2 1.6 
53 Mouse #2 4 Ctrl/S% 33.7 30.6 1.0 
54 Mouse t/3 4 Ctr1l8% 29.7 27 .2 1.2 
55 Mouse #1 5 Crrt/8% 29.2 29.4 1.0 
56 Mouse #2 5 CtTI/8% 32.1 32.4 1.4 
57 Mouse #1 6 Ctr1l8% 37.3 37.4 1.4 
58 Mouse #J 7 CtTl/S% 42.3 42.6 1.4 
S9 Mouse 'Ill 8 CuIlS% 31.2 31.0 1.2 
60 Mouse #J 6 Crr1/20% 30.3 28.8 1.4 
61 Mouse #2 6 CrrJ/200/o 32.0 31.2 J.4 
62 Mouse #3 6 Ctr1l20% 34.3 32.6 1.4 
63 Mouse #1 7 CrrV20% 31.8 28.0 1.6 
64 Mouse #2 7 Ctr1/20% 36.5 33.6 1.6 
6S Mouse #3 7 Ctr1/20% 36.0 33.4 2.0 
66 Mouse #4 7 Ctr1120% 30.7 28.4 1.8 
67 Mouse #1 5 MCD/waler IS.1 18.4 0.6 

I 68 Mouse 'Ill 6 MCD/water 20.0 19.0 1.0 
I 69 Mouse #1 7 Me D/water 16.1 15.0 0 .6 

70 Mouse 'Ill S MCD/water IS.1 16.0 0.8 
71 Mouse 'Ill 9 MCD/water 19.1 18.0 0.8 
72 Mouse #2 9 MCD/water 20.8 18.6 1.0 
74 Mouse #3 9 MCD/water 15.0 14.0 0.6 
73 Mouse #4 9 MCD/waler IS.2 17.2 0.6 
75 Mouse #1 4 MeD/S% 16.4 15 .8 1.0 
76 Mouse #1 5 MCD/8% 20.0 19.6 1.2 
77 Mouse #2 5 MCD/8% 19.2 17.8 1.0 
78 Mouse #3 5 MCD/8% 16.1 14.6 0.8 
79 Mouse #1 6 MCD/8% IS.7 17.6 0.8 
80 Mouse #2 6 MCD/8% 19.1 19 .8 1.0 
81 Mouse #3 6 MCD/8% lS.7 19.0 O.S 
82 Mouse #1 7 MCD/8% 19.8 18.0 1.2 
83 Mouse #1 6 MCD/20% 20.2 18.6 1.2 
84 Mouse #1 7 MCDI20% 16.0 14.4 0.8 
8S Mouse #2 7 MCDI20% 17. 1 15.4 0 .8 
86 Mouse #1 8 MCDI20% IS.9 17.4 1.0 
87 Mouse #2 9 MCD/20% 18.7 19.0 0.8 
88 Mouse #3 9 MCD/20% 19.1 20.0 1.0 
89 Mouse #1 10 MCD/20% 17.7 16.2 O.S 
90 Mouse #2 10 MCDI20% 18.2 16.6 0.8 
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2.3.1: AL T and AST levels in the in UIL 

Mouse # Treatment 
1 Ctrl/water r----
2
:+ 

2.00 
2.00 
3.00 
1.50 
1.13 
1.70 

14 Ctrl/8% 1.50 
15 Ctrl/8% 3.32 
16 Ctrl/8% 1.38 
17 Ctrl/20% 4.3'1 
18 Ctrl/20% 0.90 
19 Ctrl/20% 1.50 
20 Ctrl/20% 
21 Ctrl/20% 
22 Ctrl/20% 
23 Ctrl/20% 
24 Ctrl/20% 
25 MCO/water 0.62 
26 MCO/water 1.96 
27 MCO/water 170 3.70 
28 MCO/water 114 2.38 
29 MCO/water 79 69 1.14 
31 MCO/8% 71 44 1.61 
32 MCO/8% 68 1 .11 
33 MCO/8% 96 1.41 
34 MCO/8% 164 
35 MCO/8% 296 
36 MCO/8% 170 0.85 
37 MCO/8% 200 290 0.69 
38 MCO/20% 332 298 1.11 
39 MCO/20% 

40 MCO/20% 

41 MCO/20% 

42 MCO/20% 

43 MCO/2 
44 MCO/20% 
45 MCO/20% 
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2.3.2: Standard deviation for AST/ALT 

SO 
ALT CTRL 20.54 

CTRL 7.53 
CTRL20% 25.5 11.18 

MCO 91.2 55.53 
MC08% 154.71 101.79 
MCO 20% 186.13 77.08 

40 22.92 
128 180.48 

38.83 38.01 

1.64 0.85 
1.62 0.69 
1.01 0.50 

1.06 
0.31 
0.38 
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Appendix 2.4 (a): Liver pathology in the Long Term Study, Ctrl samples 

Mouse # Treatment Fat (score) Fat (distribution) Inflammatory No. foci D/PAS 
foci score Macrophages 

(score) 
1 Gtrl/water 0 NfA 1 4 
2 GIrlfwater 0 NfA 0 1 
3 GIrlfwater 0 NfA 0 0 
4 Gtrl/water 0 NfA 0 3 
5 Gtrl/water 0 NfA 0 0 
6 Gtrliwater 0 N/A 0 1 
7 Gtrl/water 0 NfA 0 1 
8 Gtrl/water 0 NfA 0 1 
9 Gtrl/8% 0 NfA 1 5 

10 Gtrlf8% 0 N/A 0 1 
11 Gtrl/8% 0 N/A 0 0 
12 Gtrlf8% 0 NfA 0 0 
13 Gtrlf8% 0 NfA 0 1 
14 Gtrlf8% 0 NfA 0 3 
15 GtrlfS% IGNORE. MOUSE WAS ILL 
16 Gtrl/S% 0 NfA 0 2 
17 Gtr1/20% 1 NfA 1 4 
18 Gtr1f20% 1 random 0 1 
19 Ctrlf20% 1 NfA 0 1 
20 Ctrlf20% 1 NfA 1 5 
21 Gtr1f20% 1 NfA 0 2 
22 Gtr1/20% 0 NfA 0 3 
23 Ctrlf20% 1 NfA 1 4 
24 Ctrlf20% 1 NfA 1 4 -

Macs: Macrophages. DIPAS numbers and scores are based on counts of enlarged macrophages. 
Random indicates that some fat was fOlUld in all zones, with no zonal predominance. 
All assessments conducted on 20 high power fields (40x objective) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

No. macs Fibrosis Fibrosis 
(Score) (distribution) 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
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nn"nrliv 2.4 MCD 

No. 

3 

numbers and scores are based on counts 
on 20 hieh power fields 
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2.5: Raw data for mean, SD 

Mouse # Treatment 

1 Ctrl/water 
2 Ctrl/water 
3 Ctrl/water 
4 Ctrl/water 
5 Ctrl/water 
6 Ctrl/water 3.44 
7 Ctrl/water 2.65 
8 Clrl/water 2.14 
9 Ctrl/8% 3.20 

4.03 
4.46 
3.28 
2.65 1.75 
3.16 3.20 

2.89 24.06 2.39 
3.01 25.05 2.25 

3.16 26.36 2.39 
4.42 36.85 11.67 3.16 

10.552 
32.26 10.02 3.22 
27.02 12.69 2.13 
28.33 10.82 2.62 
29.64 9.50 3.12 
30.95 11.30 2.74 
33.24 10.34 3.22 

28 MCD/water 42.10 9.39 4.48 
29 MCD/water 29.64 11.99 2.47 
31 MCD/8% 30.62 11.46 2.67 
32 MCD/8% 3.44 28.65 11.88 2.41 
33 MCD/8% 2.57 21.44 8.60 2.49 
34 MCD/8% 2.77 9.02 2.56 
35 MCD/8% 3.32 10.08 
36 MCD/8% 4.26 11.56 
37 MCD/8% 4.11 10.55 
38 MCD/20% 3,87 12.26 
39 MCD/20% 2.69 13.71 
40 MCD/20% 2.57 11.78 
4'1 MCD/20% 3.48 9.97 
42 MCD/20% 2.65 13.55 
43 MCD/20% 2.26 13.01 
44 MCD/20% 4.38 10.98 
45 MCD/20% 3.24 9.34 

MEAN SD 
CTRUWATER 2.27 
CTRU8% 2.52 
CTRU20% 2.70 

MCDIWATER 3.21 
MCD/8% 2.74 
MCD/20% 2.29 
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2.6: Raw data for mean, SD 

Mouse # 
rotain 

1 Clrl/waler 7.37 0.74 1474.76 144.85 
2 Clrl/water 3.25 0.32 649.12 
3 Ctrl/water 3.70 0.37 740.86 7.25 
4 Clrl/waler N/a N/a N/a N/a N/a 
5 Clrl/water 3.09 0.31 618.54 9.29 
6 Ctrl/water N/a N/a 

9.81 87.97 
8 Clrl/water 8.19 60.62 
9 Ctrl/8% 12.31 204.74 

10 Clrl/8% 12.95 233.50 
11 Ctrl/8% 11.24 253.03 
12 Clrl/8% 0,48 953.40 9.60 99.30 
13 Clrl/8% 8.23 0.82 1646.20 130.33 

29.33 2.93 5865.80 712.04 
8.08 0.81 1615.80 181.18 

11.07 1.11 2213.00 219.63 
6.34 0.63 1268.20 113.88 
7.60 0.76 1520.20 165.60 
9.65 0.96 1929.60 11.03 174.96 

20 Clrl/20% 6.66 0.67 1331.20 11.67 114.09 
21 Clr1/20% 6.34 0.63 1268.20 10.55 
22 Clrl/20% 6.97 0.70 1394.20 10.02 
23 Ctrl/20% 7.76 0.78 1551.60 12.69 
24 Ctr1l20% 2.64 1.26 2527.80 10.82 
25 MCD/water 6.89 1.69 3378.20 9.50 

11.85 1.19 2370.40 11.30 
27.91 2.79 5582.40 10.34 

8.86 0.89 1772.20 9.39 
40.04 4.00 1.99 
21.14 1.46 

32 MCD/8% 11.88 
33 MCD/8% 8.60 
34 MCD/8% 9.02 
35 MCD/8% 10.08 
36 MCD/8% 11.56 237.71 
37 MCD/8% 10.55 669.31 
38 MCD/20% 12.26 365.55 
39 MCD/20% 13.71 248.73 
40 MCD/20% 11.78 442.00 
41 MCD/20% 9.97 512.54 
42 MCD/20% 13.55 212.18 
43 MCD/20% 13.01 552.61 
44 MCD/20% 10.98 706.56 
45 MCD/20% 9.34 496.66 

MCO/8% 405.80 
MCO/20% 442.10 
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Appendix 2.7: Serum TG raw data, mean and SD (Group2 mice) 

Mouse # Treatment Serum TG from curve rug] TG [mg] per L serum 
50 ClrllWaler 9.82 490.931 
51 ClrllWaler 19.33 966.36 
49 ClrllWaler 22.09 1104.38 
52 Clrl/8% 12.73 636.62 
5) Clrl/8% 16.72 836.00 
54 Clrl/8% 21.47 1073.71 
55 Clrl/8% 24 .69 1234.74 
56 Clrl/8% 20.86 1043.04 
57 Clrl/8% 21 .78 1089.05 
58 Clrl/8% 33.44 1671.83 
59 Clrl/8% 19.63 981.69 
60 Clrl/20% 16.87 843.67 
61 Clr1/20% 15.03 751.65 
62 Clrl/20% 20.55 1027.70 
63 Clr1/20% 9.67 483.26 
64 Clr1/20% 10.59 529.27 
65 Clr1/20% 11 .05 552.27 
66 Clr1/20% 14.11 705.64 
67 MCD/waler 21.01 1050.71 
68 MCD/waler 14.57 728.64 
69 MCD/waler 35.28 1763.85 
70 MCD/waler 20.86 1043.04 
71 MCD/waler 14.57 728.64 
72 MCD/waler 17.49 874 .34 
74 MCD/waler 10.43 521.60 
73 MCD/waler 15.65 782.32 
75 MCD/8% 20.40 1020.03 
76 MCD/8% 15.34 766.98 
77 MCD/8% 19.94 997.03 
78 MCD/8% 12.58 628.96 
79 MCD/8% 7.52 375.91 
80 MCD/8% 9.67 483.26 
81 MCD/8% 13.65 682.63 
82 MCD/8% 14.42 720.97 
83 MCD/20% 20.40 1020.03 
84 MCD/20% 17.49 874.34 
85 MCD/20% 19.48 974.03 
86 MCD/20% 11 .20 559.94 
87 MCD/20% 18.41 920.35 
88 MCD/20% 15.95 797.66 
89 MCD/20% 9.67 483.26 
90 MCD/20% 13.50 674.97 

MEAN SD 
CTRLlWATER 853.89 262.77 
CTRU8% 1070.84 283.02 
CTRU20% 699.07 180.74 

MCDIWATER 936.64 352.68 
MCD/8% 709.47 209.83 
MCD/20% 788.07 184.11 
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Appendix 2.8: Raw data, mean and SD for hepatic phosphatidylcholine (PC) 

Mouse # Treatment PC from curve PC in sample Total protein PC per mg 
I[ug] rug] I[mg] Iprotein 

1 Clrl/water 5.63 140.68 10.18 13.82 
2 Ctrl/water 9.77 244.15 8.92 27.38 
3 Ctrl/water 10.00 250.00 7.25 34.49 
4 Clrl/water 6.60 165.08 8.71 18.95 
5 Clrllwater 9.92 24805 9.29 26.72 
6 Ctrllwater 6.99 174.83 10.87 16.08 
7 Ctrllwater 5.59 139.70 9.81 14.24 
8 Ctrl/water 8.79 219.75 8.19 26.84 
9 Ctr1/8% 8.0"1 200.23 12.31 16.27 

10 Ctr1/8% 8.05 201.20 12.95 15.53 
11 Clr1/8% N/a N/a N/a N/a 
12 Ctrl/8% N/a N/a N/a N/a 
13 Ctr1/8% 4.38 218.79 12.63 17.32 
14 Ctr1/8% 4.69 234.73 8.24 28.49 
15 Clr1/8% 4.85 121.35 8.92 13.61 
16 Clr1/8% 7.65 191.35 10.08 18.99 
17 Clrl/8% 6.56 164.03 11.14 14.73 
18 CI,1/20% 8.52 212.97 9.18 23.20 
19 Ctr1l20% 7.68 19191 11.03 17.40 
20 Ctr1/20% 8.52 212.97 1167 18.25 
21 Ctr1l20% 7.61 190.21 10.55 18.03 
22 CI,1/20% 7.63 190.78 10.02 19.03 
23 Ctr1/20% 8.20 205.00 12.69 16.16 
24 Clr1/20% 5.17 129.31 10.82 11.95 
25 MCO/water 6.11 152.65 9.50 16.07 
26 MCO/waler 4.26 106.55 11.30 9.43 , 
27 MCO/water 5.04 125.90 10.34 12.18 
28 MCO/water 4.31 107.69 9.39 11.47 
29 MCO/waler 3.01 75.25 11.99 6.28 
31 MCO/8% 11.46 
32 MCO/8% 6.47 161.75 11.88 13.61 
33 MCO/8% 4.83 120.78 8.60 14.04 
34 MCO/8% 4.88 121.92 902 13.51 
35 MCO/8% 5.56 138.99 10.08 13.79 
36 MCO/8% 4.56 113.95 11.56 9.86 
37 MCO/8% 4.33 108.26 10.55 10.26 
38 MCO/20% 5.49 137.28 12.26 11.20 
39 MCO/20% 3.69 92.32 13.71 6.73 
40 MCO/20% 4.40 109.96 11.78 9.34 
41 MCO/20% 5.22 130.45 9.97 1308 
42 MCO/20% 5.67 141.83 13.55 10.47 
43 MCO/20% 3.28 82.08 13.01 6.31 
44 MCO/20% 3.58 89.48 10.98 8.15 
45 MCO/20% 4.63 115.66 9.34 12.39 

MEAN SO 
CTRUWATER 22.31 7.08 
CTRL 8% 17.85 4.64 
CTRL20% 17.72 3.11 

MCOIWATER 11.09 3.23 
MC08% 11.57 1.75 
MCO 20% 9.71 2.35 
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2.9: Raw mean and SD for dienes 

Mouse # Treatment o CD per mg nr,.,t ... ,n 

116.10 9.60 
160.17 2.63 
154,24 8.24 
249,15 8.92 
154.24 10.08 
155.08 11.14 

~~~ ____ +-~~~ _______ 157.63 ________ ~9_,1~8+-__________ ___ 
11,03 
11.67 
10.55 
10,02 
12,6 

______ -'-10.8 

35 MCO/8% 1 . 
36 MCO/8% 11.56 
37 MCO/8% 10,55 
38 MCO/20% 234.75 12.26 
39 MCO/20% 181.36 13.71 
40 MC 244.07 11.78 
41 MC 189.83 9,97 
42 MCO/20% 213.56 13,55 15.77 
43 MCO/20% 301,69 13,01 23,19 
44 MCO/20% 212.71 10.98 19,38 
45 MCO/20% 236.44 9.34 25,32 

MEAN SO 
12.48 1.26 
16.08 5,01 
13,98 1.57 
14.59 2.91 

23.01 
31.34 
19.48 
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Ap'pel1I01X 2.10: Raw mean and SD for 

MOJJse # Treatment LOOH from curve LOOH in lie Total Irotein LOOH per mg 
[nMol] [nMol] i[mg] Iprotein 

1 Girl/water 0.125 3.13 10.18 0.31 
2 Gtrl/water 0.100 2.50 8.92 0.28 
3 Gtrl/water 0.033 0.83 7.25 0.11 
4 Girl/water N/a N/a N/a N/a 
5 Gtrl/water 0.587 14.68 9.29 1.58 
6 Gtrl/water 0.209 5.23 10.87 0.48 
7 Gtrl/water 0.017 0.43 9.81 0.04 
8 Gtrl/water 0.184 4.60 8.19 0.56 
9 Gtrl/8% 61.15 12.31 4.97 

10 Gtrl/8% 7.33 12.95 0.57 
11 Gtrl/8% 0.251 6.28 11.24 0.56 
12 Gtrl/8% 0.301 7.53 9.60 0.78 
13 Gtrl/8% 0.167 8.35 12.63 0.66 
14 Gtrl/8% 8.24 
15 Glrl/8% 

~ 
27.281 8.92 3.06 

16 Gtrll8% 6.23 10.08 0.62 
17 Gtrl/8% 0.785 19.63 11.14 1.76 
18 Gtrl/20% 9.18 
19 Gtrl/20% 0.203 5.08 11.03 0.46 
20 Glrl/20% 0.092 2.30 11.67 0.20 
21 Gtrl/20% 0 0.00 10.55 0.00 
22 Gtrl/20% 0.166 4.15 10.02 0.41 
23 Glrl/20% 0.092 12.69 0.18 
24 Gtrl/20% 0.101 10.82 0.23 

MGD/water 0.553 13.83 9.50 1.46 
~ MGD/water 0.049 1.23 11.30 0.11 

MGD/water 0.041 1.03 10.34 0.10 

i 8 MGD/water 1.186 29.65 9.39 3.16 
MGD/water 0.09 2.25 11.99 0.19 
MGD/8% 0.132 3.30 +trat 0.29 
MGD/8% 0.305 7.63 0.64 

33 MGD/8% 0.222 5.55 
~ 

0.65 
34 MGD/~ 0.379 9.48 1.05 
35 MGD/8 0.802 20.05 

I 
1.99 

36 MCDI8o/~ 0.844 21.10 1.82 
37 MGD/8% 0.661 16.53 1.57 
38 MGD/20% 1.058 26.45 2.16 
39 MGD/20% 0.505 12.63 13.71 0.92 
40 MGD/20% 0.956 23.90 11.78 2.03 
41 MGD/20% 0.82 20.50 9.97 2.06 
42 MGD/20% 1.591 39.78 13.55 2.94 
43 MGD/20% 0.633 15.83 13.01 1.22 
44 MGD/20% 0.489 12.23 10.98 1.11 
45 MGD/20% 0.913 22.83 9.34 2.44 

IMEAN SO 
GTRUWATER 0.48 0.48 no 4 
GTRU8% 0.82 0.43 outliers 9, 15; no 

14 
GTRU20% 0.30 0.12 outlier 21 

MGDIWATER 1.00 1.13 
MGD/8% 1.14 0.61 
MGD/20% 1.86 0.66 
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l1kIlJIU':;UU.'" 2.1 Raw data for free thiobarbituric acid reactive substances 

mg 

6.41 

9.52 

9.86 

1.83 2.63 0.94 

3.94 8.24 0.48 
39.45 8.92 4.42 

17.75 10.08 

3.65 
5.04 

5.90 
4.70 

4.09 
5.61 

22.37 
29.93 
15.91 
38.78 

14.85 
21.68 
23.36 
21.55 
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Mean and SD for fl'BARS 

SD 
9.15 1.89 
4.90 3.73 
1.11 0.42 
4.96 3.95 

4.38 
4.49 

23.55 
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Raw data for total thiobarbituric acid reactive substances 

Mouse # 00540 tTB 

10.18 20.54 
8.92 20.79 

181.47 7.25 25.03 
157.80 8.71 18.1 
284.04 9.29 30.59 

0.067 132.16 10.87 2.16 
7 Clrl/water 0.047 92.71 9.8' 9.45 
8 Clrl/waler 0.045 8.19 10.84 
9 Clrl/8% 0.139 12.3'1 22.27 

10 Clrl/8% 0.113 12.95 17.21 
11 Clrl/8% 0.137 24.04 
12 Clrl/8% 0.117 24.04 
13 Clrl/8% 0.022 6.87 
14 Clrl/8% 0.033 15.80 
15 Clr1/8% 0.995 220.07 

0.221 43.26 
0.065 28.21 11.14 11.51 

333.35 9.18 36.31 
207.11 11.03 18.78 
392.52 11.67 33.64 
378.72 10.55 35.89 

96.65 10.02 9.64 
72.98 12.69 5.75 
55.23 10.82 5.11 

2457.71 9.50 258.81 
2461.65 11.30 21 
2207.20 10.34 21 

1.246 2457.71 9.39 261.71 
29 MCD/waler 0.753 1485.28 1.99 123.89 
31 MCD/8% 1.465 2889.68 11.46 252.26 
32 MCD/8% 1.579 3114.54 11.88 262.12 
33 MCD/8% 1.679 3311.79 8.60 384.91 
34 MCD/8% 2.346 4627.43 9.02 512.85 
35 MCD/8% 1.229 2424.17 10.08 240.59 
36 MCD/8% 1.256 2477.43 11.56 214.27 
37 MCD/8% 1.11 2189.45 10.55 207.49 
38 MCD/20% 1.133 2234.82 12.26 182.34 
39 MCD/20% 1.107 2183.53 13.71 159.29 
40 MCD/20% 0.671 323.53 11.78 112.40 
41 MCD/20% 1.474 9.97 291.62 
42 MCD/20% 1.001 13.55 145.76 
43 MCD/20% 1.01 13.0'1 153.15 
44 MCD/20% 0.984 10.98 176.83 
45 MCD/20% 1.058 9.34 223.48 

6.88 
CTRU8% 63.43 
CTRU20% 13.28 
CTRU8%-15 10.28 

49.83 
MCD/8% 103.90 
MCD/20% 51.54 
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mean SD for CVP2El indicated rate of of 

0.021 
0.099 
0.188 
0.104 
0.116 

0.005 
0.004 
0.004 
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3.1: Raw mean and SD of ""''''OInl' TG 
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3.2: Raw mean and SD of CD 

73 Clrl 0.118 100.00 16.20 
74 Clrl 0.117 99.15 16.78 
75 Clrl 141,53 17,80 
76 Clrl 236.44 17.43 
77 Clrl 14.15 
78 Clrl 28,37 

8.45 
9.37 

11.30 7.50 
10.64 
1.74 

98 Clrl+8% 4.03 
99 Clrl+8% 0.113 1.13 

100 Clrl+8% 0.133 15.11 
0,133 112,71 13.51 
0.164 38.98 12.23 
0,143 121.19 9.19 13.19 
0.255 216.10 17,38 12.44 
0.226 191,53 10,58 8.10 

133.05 7.84 
137.29 13.74 
127.97 14.85 
132.20 6.90 
107.63 5.90 
161.02 6.50 
134.75 6.00 
173.73 7.35 
147.46 6.75 
188.98 30.12 6.28 
286.44 46.41 6.17 
194.07 29.28 6.63 

31.77 5,82 
137 MCO+8% 23.77 6.63 
138 MCO+8% 25.28 5.97 

SO 
7.72 3.03 

10.60 0.87 
13.20 1.39 

12.12 3.63 
21.69 2.32 
31.10 7.38 
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Appendix 3.3: Raw data, mean and SD for rrBARS 

Mouse # Treatment 00540 fTBARS fTBARS per mg Total protein 
[nMol] Iprotein I[mg 

73 Ctrl 0.004 7.89 0.49 16.20 
74 Ctrl 0 0.00 0.00 16.78 
75 Ctrl 0 0.00 0.00 17.80 
76 Ctrl 0 0.00 0.00 17.43 
77 Ctrl 0.001 1.97 0.14 14.15 
78 Ctrl 0.102 201.19 7.09 28.37 
85 Ctrl+4% 0.057 112.43 13.31 8.45 
87 Ctrl+4% 0.046 90.73 10.67 8.50 
88 Ctrl+4% 0.053 104.54 13.94 7.50 
89 Ctrl+4% 0.07 138.07 14.69 9.40 
90 Ctrl+4% 0.056 110.46 13.31 8.30 
98 Ctrl+8% 0.001 1.97 0.23 8.40 
99 Ctrl+8% 0 0.00 0.00 8.60 

100 Ctrl+8% 0.002 3.94 0.53 7.46 
101 Ctrl+8% 0 0.00 0.00 8.34 
102 Ctrl+8% 0.002 3.94 0.35 11.37 
109 MCD 0.082 161.74 12.27 13.19 
110 MCD 0.099 195.28 15.70 12.44 
111 MCD 0.078 153.85 8.50 18.10 
112 MCD 0.051 100.60 12.84 7.84 
113 MCD 0.071 140.05 10.20 13.74 
114 MCD 0.059 116.38 7.84 14.85 
121 MCD+4% 0.048 94.68 13.72 6.90 
122 MCD+4% 0.045 88.76 15.04 5.90 
123 MCD+4% 0.041 80.87 12.44 6.50 
124 MCD+4% 0.052 102.57 17.09 6.00 
125 MCD+4% 0.07 138.07 18.79 7.35 
126 MCD+4% 0.062 122.29 18.12 6.75 
133 MCD+8% 0.019 37.48 5.97 6.28 
134 MCD+8% 0.027 53.26 8.63 6.17 
135 MCD+8% 0.032 63.12 9.52 6.63 
136 MCD+8% 0.003 5.92 1.02 5.82 
137 MCD+8% 0.007 13.81 2.08 6.63 
138 MCD+8% 0.012 23.67 3.97 5.97 

MEAN SD 
Ctrl 1.29 2.60 
Ctrl + 4% 13.18 1.35 
Ctrl+8% 0.22 0.20 

MCD 11.22 2.70 
MCD +4% 15.87 2.31 
MCD+8% 5.20 3.16 
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3.4: Raw mean and SD for tTBARS 

Mouse # Treatment 00540 tTBARS tTBARS per 
m 

73 Ctrl 0.027 53.26 3.29 

74 Ctrl 0.041 80.87 4.82 

75 Clrl 0.033 65.09 3.66 

0.041 80.87 4.64 17.43 

0.052 102.57 14.15 

0.112 220.92 7.79 28.37 

0.06 14.01 8.45 

11.37 8.50 

13.15 7.50 

11.12 9.40 

9.74 8.30 

17.39 8.40 

15.82 8.60 

18.78 7.46 

16.55 8.34 

134.13 11.80 11.37 

666.70 50.56 13.19 

110 MCD 0.703 1386.65 111.49 12.44 

111 MCD 1.085 2140.14 118.27 18.10 

112 MCD 0.286 564.13 72.00 7.84 

113 MCD 0.553 1090.78 79.42 13.74 

114 MCD 0.448 883.67 59.52 1 

121 MCD+4% 0.558 1100.64 159.51 6.90 

1 433.94 5.90 

390.55 6.50 

1195.32 6.00 

0.887 1749.59 7.35 

1.0845 2139.15 6.75 

0.709 1398.49 6.28 

0.98 1933.03 6.17 

0.952 1877.80 6.63 

0.297 585.83 00.74 5.82 

137 MCD+8% 0.274 540.46 81.49 6.63 

138 MCD+8% 0.421 830.41 139.16 5.97 

MEAN SD 

Clrl 5.24 .70 

Clrl + 4% 11.88 1.52 

Clrl+8% 16.07 

MCD 

MCD + 4% 

MCD+8% 
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Raw Data: TNFa: Knockout Study 
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Appendix 4.1: Weights [g) in TNFS 

Mouse Day 0 Day 7 Day 14 Day 21 Day 28 Day 30 
# 23.09.02 Sacr, 25.09.02 Sacr. 

1 27.45 28 .30 29.51 30.74 32.0 
liv wt 1.6 

2 27.85 28.27 28.95 30.53 31.4 
liv wt 1.6 

25 27 .36 27.45 28 .97 30.36 26.2 
liv wt 0.8 

26 25.03 25.22 25 .35 25.62 25.2 
liv wt 1.0 
26.4 

4 39.45 31.06 31.04 32.49 liv wt 1.0 

6 29.48 28 .57 30.73 32.66 32.2 
livwtl.4 

7 24 .94 22.05 19.12 17 16.0 
liv wt 0.6 

8 32.15 28.65 24.22 21.93 17.2 
1iv wt 0.6 

9 29.32 25.67 21.22 19.37 Killed 
22.09.02 
14.22 

10 25.11 23.02 19.41 17.86 16.0 
liv wt 0.8 

11 24.14 20.97 17.87 16.39 12.0 
liv wt. 0.4 

12 21.48 20.56 17.34 15.93 F/d 22.09 .02 
11.25 

13 25.44 26.30 25 .70 25.85 27.8 
liv wt 1.2 

14 27.46 27.95 26.63 28.09 30.2 
liv wt 1.4 

15 26.88 26.20 25.81 25.67 27.2 
liv wt 1.2 

16 25.04 25.05 25.17 26.32 25.2 
liv wt 1.2 

17 25.01 24.35 24 .25 25.08 25.0 
liv wt 1.2 

18 24.63 24.35 25.91 26.87 28.0 
liv wt 1.2 

19 25.21 25.31 19.51 18.97 17.8 
liv wt 0.8 

20 26.81 21.77 21.49 20.14 18.8 
liv wt 0.8 

21 26.67 23.90 21.33 19.68 18.4 
liv wt 0.8 

22 27.36 24.39 22.46 21.10 19.8 
liv wt 1.0 

23 27.22 23.23 20.86 19.32 16.6 
liv wt 0.6 

24 25.18 22.48 19.23 18.06 17.0 
liv wt 0.6 

Liv wt: liver weight 
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4.2: ALT mean and SD for TNFS 

Mouse # Treatment ALT 
1 CTRLlKO 38 
2 CTRUKO 24 

25 CTRLlKO 42 

~CTRUKO 34 
CTRUKO 14 

E CTRLlKO 17 
I MCD/KO 177 

8 MCD/KO 75 
10 MCD/KO 145 
11 MCD/KO 60 
13 CTRLIWT 6 
14 CTRLIWT 9 
15 CTRLIWT 12 

16 CTRLIWT 17 

17 CTRLIWT 16 

18 CTRLIWT 15 
19 MCDIWT 118 
20 MCDIWT 140 
2'1 MCDIWT 110 
22 MCDIWT 252 
23 MCDIWT 368 
24 MCDIWT 446 

MEAN SD 
CTRUWT 12.5 3.95 
CTRUKO 28.17 10.53 

MCDIWT 239 129.58 
MCD/KO 114.25 48.39 
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Appendix 4..3: Liver pathology in the Tumor necrosis factor (l study 

Mouse # Treatment Fat (score) Fat (distribution) Inflammatory foci No. foci OIPAS Macs 
score I(score) 

1 Girl ko 0 N/A 0 1 
2 GIrl ko 0 NIA 0 0 

25 GIrl ko 0 NIA 0 2 
26 Girl ko 0 NIA 0 1 

4 GIrl ko 0 NIA 0 2 
6 GIrl ko 0 NIA 0 0 
7 MGD ko 2, query1i Random 3 25 
8 MGD ko 2 Random 2 15 

10 MGD ko 3-1. Random 3 25 
I I MGO ko 1 Random 2 12 
13 GIrl wt 0 NIA 0 0 
14 GIrl wt 0 N/A 0 2 
15 GIrl wt 0 NIA 0 0 
16 GIrl wt 0 NIA 0 1 
17 GIrl wt 0 N/A 0 1 
18 GIrl wt 0 N/A 0 3 
19 MGOwt 3 Zones 1 to 3 1 8 
20 MGOwt 1-1. Random 0 2 
21 MGOwt 2, query 1i Zone 1? Query 2 18 

random 
22 MGOwt 3-1. Zones 1 103 2 15 
23 MGDwt 1 Random 2 15 
24 MGOwt 2 Zones 1 103 2 11 

Macs: Enlarged macro phages; Random indicates some fat was found in all zones with no zonal predonunance. 
All scores and numbers based on counts in 20hpf. 

No. macs 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
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nn.·n<1',,, 4.4: Raw mean and SD for 

Mouse # 

1 CTRUKO 1.42 
2 CTRUKO 1.20 

25 CTRUKO 1.30 
26 CTRUKO 

,----
1.28 

CTRUWT 
MCDIWT 
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4.5: Raw mean and SD for TG 

1 CTRUKO 378.79 

150.48 

6.13 1226.80 

N/a N/a N/a 

3.04 607.10 15.43 39.36 

6 CTRUKO 0.92 183.10 

7 MCD/KO 4.67 

8 MCD/KO 6.46 

10 MCD/KO 8.91 

3.04 

3.20 

14 CTRLfWT 3.69 

15 CTRLfWT 2,38 476,64 

16 CTRLfWT 

17 CTRLfWT 1 61,56 

18 CTRLfWT 770,18 16,05 47.98 

19 MCDIWT 1031,10 2,82 80.43 

20 MCDIWT 933.25 14.24 65,54 

21 MCDIWT 4586.20 6.21 282.96 

22 MCDIWT 1879.11 14.24 131.96 

23 MCDIWT 737.56 5,95 46.25 

24 MCDIWT 4.18 835.41 12.42 67.27 

MCD diet 2,37 
10ul 

3.92 

1.60 

4,70 

MEAN 

Ctrl KO 41,11 

MCD KO 31,95 

Ctrl WT 

MCDWT 
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A endix 4.6: Raw mean and SD for serum TG 
Mouse # Treatment Serum TG TG 

serum 
in 1L 

22.74 1136.98 
25.76 1287.78 
19.42 971.11 

____________ 13.39 _____ 6:-::6:-::9-'-::.5:-"'"12 
858.01 
858.01 

7 MCO/KO 526.26 
8 MCO/KO 790.15 

10 MCO/KO 473.48 
11 MCO/KO 594.12 
13 CTRLlWT 1038.96 
4 CTRLlWT 729.83 
5 CTRLlWT 1069.12 

16 CTRLlWT 
r----- --~------------

775.07 
737.37 
684.60 
594.12 
435.78 
579.04 
526.26 
624.28 

MEAN so 
839.16 
963.57 

572.76 
596.00 
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4.7: Raw mean and SD for CD 

Mouse # Treatment 

85.59 7.43 

83.90 4,60 

141.53 

26.06 

5.57 

MEAN 
CTRUKO 

MCD/KO 

CTRUWT 

MCDIWT 
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4.8: Raw mean and SD for LOOH 

# Treatment LOOH per mg 
rotein 

0.08 2.10 1.52 0.18 
0,07 1.64 8.22 0.09 
0.26 6.48 10,05 0.64 
0.18 4.44 13,83 0,32 
0.17 4.21 15.43 0.27 
0.13 3.27 13.58 0.24 
0.23 5.65 8.69 0.65 
0.42 0.54 10.54 1.00 
1.24 31.08 14.24 2.18 

6,08 
N/a 

0.13 
0.13 
0.11 
0.10 
1.12 

0.54 0.95 
0.39 9.83 16.21 0.61 
0.70 17.60 14.24 1.24 
0.35 8.66 15.95 0.54 
0.27 6.79 12.42 0.55 

MEAN SO 
CTRUKO 0.22 0.08 
MCD/KO 1.07 0.67 

CTRLlWT 0.11 0.02 
MCDIWT 0.83 0.28 
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4.9: Raw mean and SD for ITBARS 

49.31 
53.26 18.22 

277.13 10.05 
92.71 13.83 

138.07 15.43 
69.04 13.58 
40.05 8.69 

0.062 122.29 10.54 11.61 
0.055 108.49 14.24 7.62 
0.037 72.98 5.56 
0.004 7.89 0.47 
0.006 11.83 0.79 
0.005 9.86 0.64 
0.005 9.86 0.61 
0.002 3.94 0.25 
0.006 11.83 0.74 
0.007 3.81 1.08 
0.008 5.78 1.11 
0.013 25.64 1.58 

.20 _-+-----"0-'.0 __ 0.,,7 f--____ 17 .02 ____ _ 
0.008 0.99 
0.006 0.95 

MEAN so 
Ctrl/KO 2.08 'Mouse 25 excluded 
MCO/KO 4.03 

CtrlIWT 
MCOIWT 0.21 

219 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix 4.10: Raw dala, mean, SD of ITBARS 

Mouse # I' , OD 540 "!:>AKS [nMol] Total protein [mg] , I !:>AK;) per mg 

1 r:TRUKO 0.139 274,1 11.52 23.BC 
2 :TRUKO 0.083 163.7. 18.22 8.98 

25 :TRUKO 0.272 536.51 10.0c 53.4C 
26 ;TRUKO 0.198 13.83 2823 

41r;TRUKO 0.124 244.59 15.43 15.86 
6 CTRUKO 0.133 262. )4 13.5e 19.32 
7 ) 1.055 8.69 239.37 
8 11K!) 0.533 10 51 33 10.54 99.79 

10 1.149 ??"" 1" 14.24 159.15 
11 O.Of 1 13.12 10.2: 
13 ~TRUWT C.11 2 16.94 1'.99 
14 :TRUWT O. 1 14.96 11.87 
15 CTRUWT 0.092 18 15.53 11.69 
'10 ",I r:UWT C .11 218.94 16.16 13.55 
I UWT 0.0 14 )5 15.5 .9 
1 C lUWT C. 19 16.C 1 .2 

0.2· 48 17 12.8 3 .1 
2 Mr:nIWT 0.277 ;AI 1" 14.24 38.37 
2 IV'l-UIVV 0.197 388.58 16.21 23.97 

0.271 14.24 46.27 
T 0.153 301.79 15.95 18.93 

2, MCDIWT 0.183 'en QR 12.42 29.07 

IAVG STD 
:triIKO 24.39 17.16 
M",UIKU 127.13 83.72 

11.73 1.37 
32.46 9.35 
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nn~'nt1"y 4.11 Raw mean and SD for CYF2El 

0.025 
0,079 

0.091 

0.002 

0.002 0.001 

0.037 0.024 
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5.1: the LPSS 

Mouse # Treatment at Wkl Wk2 Wk3 
on WkO 
1 CD/LPS 25.0 21.5 19.8 17.9 
2 CD/LPS 26.6 22.7 17.4 0.8 
3 CDILPS 27.1 22.0 16.8 
4 MCDILPS 25.6 21.6 16.6 
5 MCDILPS 17.4 
6 MC 17.4 

MC 

CD/Saline 22.7 
3 MCD/Saline 24.3 20.7 17.4 
4 MCD/Saline 24.2 20.9 17.4 20 
5 MCD/Saline 23.7 19.7 19.9 18.3 16.4 0.8 21 
6 MCD/Saline 22.2 18.5 20.7 18.9 14.8 0.6 22 

.7 MCD/Saline 28.2 23.9 18.2 16.3 19.6 0.8 23 
8 26.9 25.5 19.5 17.7 19.2 0.8 24 
1 23.9 25.2 25.9 27.1 25.6 1.0 25 

24.4 25.4 26.2 26.9 25.4 1.0 26 
23.5 23.8 24.8 26.0 1.2 27 

24.8 28 
29 
30 
31 
32 
1 
2 
3 

4 4 
5 24.8 5 
6 CtrllSaline 25.0 6 
7 CtrllSaline 21.4 7 
8 CtrllSaline 23.7 8 
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5.2: ALT 

Mouse # Treatment ALT (U/ml) 
1 Clrl/Saline 20 
2 Clrl/Saline 22 
3 Clrl/Saline 17 
4 Ctrl/Saline 

~ 5 Ctrl/Saline 
6 Ctrl/Saline 22 
7 Clrl/Saline 17 
8 Ctrl/Saline 13 
9 MCO/LPS 177 

10 MCO/LPS 239 
11 MCO/LPS 353 
12 MCO/LPS 93 
13 368 

218 
549 

16 MCO/LPS 167 
17 MCO/Saline 59 
18 MCO/Saline 85 
19 MCO/Saline 45 
20 MCO/Saline 65 
21 MCO/Saline 46 
22 MCO/Saline 90 
23 MCO/Saline 54 
24 MCO/Saline 67 
25 ClrllLPS 24 
26 Clrl/LPS 36 
27 Clrl/LPS 70 
28 Clrl/LPS 364 
29 ClrllLPS 33 
30 Clrl/LPS 66 
31 Ctrl/LPS 
32 Clrl/LPS 166 

MEAN ISO 
Ctrl 17.75 3.31 
CtrllLPS 99.88 108.44 

MCO/LPS 270.50 136.28 
MCO/Saline 63.88 15.56 
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mean and SD for ,,'-"''''' .. "'' TG 

TG permg 
rotein 

43.51 

22.95 

29.68 

31.03 

30.78 

39.69 

27.83 

44.78 

47.44 
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5.5: Raw mean and SD for CD 

13.70 

10.15 

9.38 

8.39 

3.36 
4.14 

9.07 

4.79 

4.33 

MCD/LPS 8.99 

MCD/Saline 6.56 
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5.6: Raw mean and SD of LOOH 

19.52 
19.04 

18.70 

12.66 

0.78 
0.76 1.67 
1.18 3.07 
0.69 11.94 1.44 

0.51 16.80 0.76 

0.32 7.93 12.73 0.62 

0.51 12.78 10.95 1.17 
15.84 1.67 1.36 
14.24 13.59 1.05 
15.04 14.52 1.04 

13.71 15.79 0.87 
15.84 17.41 0.91 

12.51 17.61 0.71 

13.18 15.12 0.87 

6.52 21.81 0.30 

9.31 20.70 0.45 

0.33 8.25 18.98 0.43 

0.38 19.80 0.48 

0.30 15.92 0.47 

30 Ctrl/LPS 0.31 0.38 
31 Ctrl/LPS 0.51 7.41 0.73 
32 Ctrl/LPS 0.31 0.35 

MEAN SO 

CTRL 0.40 
CTRULPS 0.45 

ILPS 

ISaline 
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5.7: Raw mean and SD for fTBARS 

Mouse # Treatment 00 540 

'I Ctrl/Saline 1,97 

3,24 

3.49 
72,00 3,78 

97,64 5.22 

105.53 12.66 8.33 

41.42 16.53 2.51 
12 MCO/LPS 0,037 72.98 11.35 6.43 
13 MCO/LPS 0.0455 89.75 9,59 9.36 
14 MCO/LPS 0.033 65.09 5.45 
15 MCO/LPS 0.031 61.15 3.64 

0.0385 75.94 5.97 

0.0195 38.46 3.51 

52.27 4.48 

15.79 

55.23 17.41 

48.33 17.61 

51.28 15,12 

98.62 21,81 

20.70 

18.98 3.64 

101.58 19.80 5.13 

29 Ctrl/LPS 0.0325 64.11 15,92 4,03 

30 Ctrl/LPS 0.0425 83.83 20.28 4.13 

31 CtrllLPS 0.042 82.84 17.41 

32 Ctrl/LPS 0.0505 99.61 22.50 4.43 

MEAN SO 

CTRL 3.34 0.93 

CTRULPS 4.22 0.60 

5.86 

3.33 

229 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5.8: Raw mean and SD for tTBARs 

113.68 

125.99 

0.1675 

0.1455 

0.062 

0.078 

0.127 

MEAN 

CTRL 

CTRULPS 

MCD/LPS 82.49 32.24 

MCD/Saline 66.19 2.93 
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