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ABSTRACT

ABSTRACT

Obesity is considered a state of lawade inflammationand this inflammation is strongly
related to developmentof systematic insulin resistancélyperglycemia develops during
insulin resistance as insulstimulated glucose uptake in peripheralulin sensitivaissues

is reduced. Hepatic insulin resistance is often accompanied with increased glueoessy
and increased hepatic glucosaitput, whichfurther increase blood glucose. To cope with
the hyperglycemia, the pancreatib-cells compensate by increasing insulin secretion.
However, after a certain amount of time, thecellsare no longer able taompensate, and

insulin production stops. This may be accompanied with apoptosis ib-tedis.

Indomethacin is an NSAHENhd a nonselective inhibitor of cyclooxygenase(@OX1) and 2
(COX2). In this study we havelemonstrated that COXnhibition using indomethacin
attenuated high fat/high sucrosenduced obesityin C57BL/6J mice. Obesity and glucose
intolerance normally caccur, and it has been generally assumed that glucose intolerance
and subsequently increased insulin st@n and insulin resistance are consequences of
increased adipose tissue mass. Paradoxically, the mice were lean, but indomethacin did not

prevent the reduced glucose intolerance associated aiilnigh fat high sucroseliet.

This study confirmed that domethacin was able to attenuate digtduced obesity.
However, we here demonstrated that indomethacin was not able to reverse obésity.
unpublished study from our group has shown that insulin levels in both fed and fasted state
in indomethacin supplemerd highfat/high-sucrose (HF/HSed mice were significantly
lower than in HF/H&d mice. In this study we found that indomethacin attenuated the
increased glucosstimulated insulin  secretion (GSIS) caused by the H&@#tS

Indomethacin was, howevernable to reduce the increased GSIS in obese mice.

Of note, we were only able to measure an effect of indomethacin when glucose was injected
intraperitoneal. We could not observe a lower GSIS in HE&#Smicesupplemented with
indomethacin when glucoseas administered orally. Neither, indomethadid not inhibit
insulin secretion induced by a meal or had acute effect on GSIS. Thus, indomethacin is

able to attenuate, but not reverse HF/H®luced GSIS.



INTRODUCTION
1.0 INTRODUCTION

11 OVERWEIGHT AND OBESITY

World health organization (WH@)efines overweight and obesity as abnormal or excessive
fat accumulation that presents a risk to health. Body mass index (BMI) is a common
international measurement of overweight and obesity in adults. The BMI of a person is
RSTAYSR | & | nkiSgnamLdividen byate sqadeiof height in meters (I§y/m
WHO defines a BMI greater than or equal to 25 as overweight and a BMI greater than or

equal to 30 as obesitfyVHO 2012

Prevalence of overweight and obesity

The prevalence of overweight and obesity is increasing at an alarming rate in countries
throughout the world(Kelly, Yang et al. 2008Since 1980, the worldwide obesity has nearly
doubled According to data from 2008, more than 1.4 milliard adults above 20 years and
older were overweight500 millionsof them were obese. The prevalence of obesity is
considered higher among women in all world regions, with 300 million obese women and
200 millon obese men(Kelly, Yang et al. 20p8The highest obesityprevalenceis in
westernized countriesS\WHO 2012 There are many reasons for the development of
overweight and obesity, but the main underlying reason is an imbalance in emtade

and consumption. One cause of this imbalance may due to a western diet, high in fat and

sugar together withaninactive lifestylgZimmet and Alberti 2006

Health consequences of overweight and obesity

Obesity is a global health concern, as it is a important risk factor for development of type 2
diabetes,cardiovascular disease and certain types of cafifenmet am Alberti 2009. The

risk of disease development increases with increased BMI. Overweight and obesity are the
fifth leading risk for death worldwideand there are also linked more death causes to
overweight and obesity @#n underweighttWHO 2012
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INTRODUCTION

1.2 THE ADIPOSE ORGAN

The adipose organ can broadly be divided into white adipose tissue (WAT) and brown
adipose tissue (BAT)he two adipose tissues have opposite functions in the energy
metabolism Whereasfat cells in WAT store energhat cells in BADxidizad fat and release

the energy in form oheat (Nakagami 2013

White adipose tissue

WAT is the main energy storing tissue and can respond rapidly and dynamically to
alterations in nutrient statusaind it has an almost unlimited capacity to expaf\Wronska

and Kmiec 2012 However, adipocytes can reachffdsional limit of oxygen during an
increased and rapidly growth and this may results in hypoxia (figure 1.1). As illustrated in
figure 1.1, development of obesity results from an increase in adipocytes number and/or
size, and this is accompanied by gerniemra of new blood vessel§Sun, Kusminski et al.
20117). Dietinduced weight loss leads to reduced lipid content in the adipocytes and thereby
a reduction in adipocyte volume, but the number of adipocytes is not redudéadsen,

Liaset et al. 2008

The increase ihyperplasa and/or hypertrophyin adipocytesiuring development of obesity

is strongly associatedwith a lowgrade inflammation in WAT (figure 1.®rthbeck 2008

The obese state is associated with recruitment of macrophages, and these cells are regarded
as particularly important in the inflammatory response in W/Everal other types of
immune cells aralsopresent in WAT during an obese state, including lymphocytes, natural
killer cells, and mast celléSell and Eckel 20L0There is an increased expressiand
secretion of a number of prinflammatory adipokines the obesitystate. Theseadipokines
modulate insulin resistance in WA®&nd includestumor necrotic factoralpha leptin,
adiponectin, retinol binding prote#d, chemerin and monocyte chemoattractant protein 1

The increased production of adipokines occurs mainly in WAT, but influences also other

insulin sensitive tissues as the liard skeletal musclérayhurn 2013
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Figure 1.1:The connection betweeadipose tissuexpansioninflammationandinsulin resistanceéA: Healthyadipose tissue

expansion consists of an enlargementadiipose tissug¢hrough recruitment of adipogeniprecursor cells, along with an
adequate angiogenic responsB: In contrast, pathologicabhdipose tissuexpansionconsiss of massive enlargement of
existing adipocytand limited angiogenesigesulting in hypoxia. M&tage macrophage infiltration leads to a inflammatory

responsehat isstrongly associated with insulin resistar{&in, Kusminski et al. 2011

Brown adipose tissue

BATIis able to convert energy to heat by the tisssgecific uncoupling protein 1 (UCP1).
Activation of BATthrough dietinduced thermogenesis has become interesting for obesity
researchers, as it might represent a tool for treatment of obesity and therelherot
metabolic diseasesThus, the interest iBAThas increased tremendously during the last
years (Cypess, White et al. 20L3For decades, it was generally assumed tBa{T was
virtually nontexistent in adult humans. This view was dramatically changed in 2009 with the
demonstration of BAT in adult€Cypess, Lehman et al. 200@an Marken Lichtenbelt,
Vanhommerig et al. 20Q¥irtanen, Lidell et al. 20Q02ingaetti, Crosta et al. 2009
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INTRODUCTION

1.3 INSULIN SECRETION AND ACTION

Insulin is an anabolic hormone whiphrticipatein nutrient transport into cells, regulation of
gene expression, modification of enzyme activate and regulation of energy homedgtasis
Luca and Olefsky 20P8Insulin is secreted from the pancreaticcells in response to
increased blood glucose and itas essentiahormone for regulation of glucose homeostasis
(Klover and Money 2003. Glucose is themost crucialstimulator of insulin secretion.
However, the insulin secretion from tHecells cells are additionally under control an array
of other stmulatory and inhibitory factorsThis includes neurotransmitters, hormones and

nutrients (Henquin, Ravier et al. 20D3

Regardless of blood glucose levels, theells constantly synthesizes insulin and stores it in
vacuoles in the pancreas. When blood glucose levels increase, irssuéleasedrom the
vacuoles irthe amountto ensure the blood glucose within normal ran@chizono, Alarcon

et al. 2007). Insulin secretion may occur in a biphasic manner during a abnormal amount of
glucose intake, such as during a glucose tolerance(@stimo and Luzi 20R4A rapid and

large increase in blood glucose concentration leads to a guidktransientacceleration in a

first phase insulin secretion, followed by a second phadere the secretion istabilized or
progressively increase(Henquin 2009 Under physilogical conditions, such as after a
balanced meal, glucose concentration increase gradually and the insulin response in the

blood does noshowclear signs of a biphasic shafggaumo and Luzi 20p4

Insulin regulates glucose homeostasis by stimulating glucose uptake in skeletd modc
furthermore stimulates conversion of glucose to glycog€epsten, Shepherd et al. 1999t

is generally believed that approximately 75% of the blood glucose is taken up by skeletal
muscle(Lin and Sun 2030In the liver, insulirpromotes glycogen synthesis and stimulates
lipogenesis while inhibiting gluconeogenesis. Insulin suppresses lipolysis and stimulates
lipogenesis in the adipose tissuGamuel and Shulman 2012In conclusion, insulin
stimulates storage of glucose and fat and inhibits gluconeogenesis and lipolysis, classifying

insulin as an anabolic hormone.

13



INTRODUCTION

The importance of insulin signaling obesitydevelopmentis underscored by the finding
that fat-specific insulin receptor knockout (FIRKO) mice lacing insulin receptaipose
tissueare protected against obesity and obesity related glucose intoler@Blténer, Michael
et al. 2003. Moreover,obesity development istrongly attenuatedn ins1”":Ins2''mice, that

have50 %lower insulin production than wild typmice (Mehran, Templeman et al. 20).2

1.4 OBESITY AND INSULIN RESISTANCE

Lowgrade inflammation associated with obesity is an important mechanism in deetkas
insulin sensibilityin adipose tissugliver and skeletal muscl@®onath and Shoelson 2011
Obesity causes excessive growth of adipose depots with adipocyte hypertrophy and
hyperplasia. This fat overload leads to an activation of inflammatory pathways and
subsequent paracrine/autocrinmediated cellular insulin resistan¢ggure 1.2)de Luca and
Olefsky 2008

Studies have showed a connection between intramyocelligad accumulation and reduced
insulin mediated glucose uptake in skeletal mus@acob, Machann et al. 199%inha,
Dufour et al. 2002 During insulin resistance in skeletal muscle, accumulation of
intramyocellular lipid and inflammation impairs the insulin mediated glucose uptake in the
skeletal muscle. Glucose transport and glycogen synthesis is impaired; resulting in a reduced
efficiency of glucose uptake and increased blood glucose delivered to théRimrsen and
Shulman 200R During hepatic insulin resistaa the increased lipid accumulation and
inflammation impairs the ability of insulin to inhibit gluconeogenesis and this leads to an
increas@ glucose output. In contrast, lipogenesis remains unaffected and together with the
increased delivery of dietary glucose, this leads to increased lipogenesimandauseaon-
alcoholic fatty liver diseasg&amuel, Liu et al. 20R4owever, mpaired insulin action in the
adipose tissue might actually be a good thiag mice lacking insulin receptorsadipose
tissuenot only are protectedagainst dietinduced obesitybut alsohave increased longevity
and lifespan (Bluher, Michael et al. 2002Insulin resistance iadipose tisue will inhibit
lipolysis, which will promote resterification of lipids in other tissues, such as liver and

further exacerbates the insulin resistan@amuel and Shulman 20112
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INTRODUCTION

To compensate for the high blood glucose due to increased hepatic glucose production and
impaired glucose uptake by peripherahsulinsensitive tissue, the pancreatic b-cells
respord by increasing the insulin productiq@©€hangChen, Mullur et al. 2008However, it
appears thati K Scells are able to compnsatefor a limited amount of time, asmsulin
production eventuallystops and the b-cells may undergo apoptos{daraschin Jde 20)2
Obese persons often have increased levels of free fatty acids (FFA) together with the
hyperglycemia FFA has shown to increase insulin secretion and when high FFAdeels
chronicallyhigh this hasshown to impair glucosstimulated insulin secretion(GSISJGoh,
Mason et al. 200) Fatty acids are also reported to indlS | LJ2 LJcdlsinividro, By & |

mechanism called lipotoxisifiKharroubi, Ladriere et al. 20p4

| Obesity

' Skeletal | Adipose ~Liver

Muscle ’ .

_ -Adipocyte hypertroph )
{"—"-Macrophage recruitment /'F_V -Increased lipid content

-Increased FFA uptake -Macrophage polarity switch -Steatosis

-Increased extramyocellular adipose -Increased cytokine production -Kupffer cell activation/recruitment

-Macrophage activation/recruitment T -Increased lipolysis -Increased cytokine production
\ -ER stress / -ER stress \ -ER stress

; o 5 : 1

| IR | IR
Systemlc Insulin /
>’ Resistance and
Inflammation

. endocrine crosstalk

Figure 1.2 The role of obesity in development of inflammation and insulin resistance. Ghdsitgd changes in skeletal

muscle adipose tissugand liver results in inflammation and insulin resistance(@®).uca and Olefsky 2008
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INTRODUCTION

1.5 DIABETES

Diabetes, characterized by hyperglycemia, is divided; ityjoe 1 diabetes mellitus (T1DM)
and type 2 diabetes mellitus (T2DM). T1DM is characterized by cellular mediated
autoimmune destruction of the pancreatizcells that leads toa completely lack of insulin
production (Kaul, Tarr et al. 2032T1DM counts for only-20 % of thge with diabetes.
T2DM is associated with obesiand accounts for 985 % of those with diabeteand is
increasing atan alarming rate. T2DMs developed from amleficiency or defect in insulin
secretiondue to theperipheral insulin resistancéMaraschin Jde 20)2When diabetes is
not treated, chronic hyperglycemia may causeeversibledamageto the eyes, kidneys,

nerves and blood vessel@Bailes 200R

1.6 ADIPOSE TISSUE DYSFUNCTION AND INSULIN RESISTANCE

To maintain a stable blood glucose level during impaired insulin sensithaétypancreatid -
cells compensate by increasing insudecretion. lperglycemiaoccurswhen thei -cells are
unable to compensate for thempaired insulin sensitivity and thereby leadingto
development ofT2DM(Kahn, Hull et al. 200&siacca, Xiao et al. 20LInsulinresistance is
strongly associated with obegj but not all obese individuals develop hyperglycemia, insulin
resistance or T2DM. It appears that the development of insulin resistance is dependent on
the degree ofadipose tissualysfunction(Kloting, Fasshauer et al. 2Q1This dysfunction is
characterized by increased visceral fat accumulation, increasgubagde hypertrophy, and
higher macrophage infiltrationinto visceral fat(Bluher 2009. The notion that insulin
resistance is not alwayassociated with obesity in general is illustrated by the finding by
(Kloting, Fasshauer et al. 2Q1Theseauthors showed that insulin resistance was associated

with adipose tissue inflamation in obese human witkimilar BMI(Figure 1.3).
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A

Insulin sgnsitiye Insulin resistant

;il

&

Figure 1.3:Insulin sensitivity andnsulin resistanceA: Representativephotographs for the insulin sensitive and insulin
resistance morbidly obese phenotype from a study performdHlbging, Fasshauest al. 2010. B: H&E staining of omental
adipose tissue sections from representatistudy individuals, illustrating increased adipocyte size and macrophage
infiltration in an insulin resistance state compered with the insulin sensitive state. Initial magnificatio(K&20g,
Fasshauer et al. 20).0

1.7 CYCLOOXYGENASES AND PROSTAGLANDINS

Cyclooxygenase(COX)catalyzesthe first two steps in the biosynthesis of prostaglandins
(PGs), from arachidonic acid (AAhe PGs are lipid mediators, involved in physiological
function as protection of stomach mucosa, aggregation of platelets and regulation of kidney
function (Harizi, Corcuff et al. 2008 They have also pathological functions such as
involvement in inflammation, fever and paii®mith, DeWitt et al. 20Q0 There are two
isozymes of COXCOX1 and COR. Whereas COX is constitutively expresslein most
tissues and produes PGs important for maintaining physiological functions, QOX
generally expressed in tissue at very ld@vels andis upregulated by inflammatory

mediators and forms PGs which are important in inflammafMane, Bakhle et al. 1998

COX possesses two catalytic sites; the firsa iI€OXactive site, converting AA to the
endoperoxide PG4 The second, a peroxidase active site, then converts the, RGBGH

and PGH is further processed by specific synthases to form PGs, prostacyclin and
thromboxane A2. PGs and PGE2 prostacyclin are the main inflammatory mediators

(Simmons, Botting et al. 20D4
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1.8 COXINHIBITORS AND INDOMETHACIN

COXinhibitors ornon-steroidalanti-inflammatory drug (NSAIB) are medicaments used for
pain killing anti-pyretic, andanti-inflammatoryproperties. They have an inhibitory effect on
COX and thereby blocking productionRBEs NSAIB are the most commonly used drugs in
USA, representig as many as 70 million prescription and 30 billion sales y@ditghell,

Akarasereenont et al. 1993

Indomethacin isa highly potentNSAIDand wasfrequently usedby patients withrheumatic
disorders but not as much with minor paitt has a bioavailability up to 100 % with an oral
administration and the halfife is 2.5 to 11.5 hours. Indomethacin has a higgk of sia
effects such as dizzines, headache and more (Norsk legemiddelhandbok 2010
Indomethacin is ma non-selective inhibitor of COX and CO2, leading to anhibition of PG
syntheses from AA (figure 1.@otting 200§. Most NSAIBinhibits both COX and CO2,

but they differ in their selectivity towards the isozymésdomethacin has been shown to be
60 times more potent in inhibitiomf COXL compared to COZX. Indomethacinnhibits PG
synthesis bybinding to the active seat of the enzyme and influences a conformational

change othe protein, making the enzyme inace (Mitchell, Akarasereenont et al993).

Arachidonic Acid

Prostaglandin Endoperoxidase H
Synthetases 1&2
(COX-1 & COX-2)

NSAIDS ><

Prostaglandin H ,(PGH )

Tissue-Specifc
Isomerases

Prostanoids

PGE, PGD, PGF,, TXA, PGI,

Figure 1.4NSAIBinhibit the synthesis girostaglandins from Arachidonic adi@onzalezAngulo, Fuloria et al. 2092
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1.9 INTRODUCTION TO THE PRESENSTIGATION

Earlier studies from this group have shown that e@dd dietinduced UCP1 expression in
inguinal white adipose tissue (IWAT) requires @Oity (Madsen, Pedersen et al. 2010
Inclusion of indomethacin in a very high fat (\Wdi€t stimulates obesity devepment in
Sv129 mice. This easestrain is protected against diehduced obesity, at least in part, by
their ability to increase UCP1 expression in iWBlerra, Koza et al. 1998€itali, Murano et

al. 2013. The dietinduced UCP1 expression within iWAT in C57BL/6J mice is relative low,
and an unpublished study in our group showed that inhibition of COX using indomethacin,
prevented dietinduced obesity in C57BL/6J mice, $igrire 1.5 adapted from Fjeere et al.
2013 (manuscript in prep).

Obesity and glucose intolerance normallgcur together and it has been generally assumed
that glucose intolerancancreased insulin secretion and insulin resistance are consequences
of increasedadipose tissuemass (Kahn and Flier 2000 Paradoxically, although the
HF/HS+IND{ed mice were lan and had no reduction in insulin sensitivilggdomethacin

did not prevent the glucoseintolerance associated with anHF/H&diet (figure 1.5).
Moreover, insulin levels in both fed and fasted state were significantly lower in HF/HS+INDO
fed mice comparedo HF/HSfed mice (figure 1.5). This suggests that the increased insulin

secretion induced by thelF/HSdiet was reduced by indomethacin

1.10 AIMS OF THE PRESENT STUDY

This study aimed to investigate the mechanism(s) by which indomethacin attenD#Bem
mice fed a HF/HS8iet and investigate if indomethacin is able to reverse obesity in mice fed a
HF/H&diet. We furthermore aimed to investigate why glucose tolerarsienpaired in lean

and insulin sensitiveHF/HSINDO Therefore, we aimed to examind the effect of
indomethacin on glucosstimulated insulin secretion was an acute effect or if indomethacin
specifically inhibits the compensatory insulin secretion induced by a HigiS-inally, we
aimed to explore the possibility that indomethacimud attenuate insulin secretion in

response to a meal where indomethacin was included.
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Figure 1.5:Results froma previous study performed in our group. M&@&7BL/6J miceere fed regular diet (RD), high

fat/high sucrose (HF/H®jet or high fat/high sucroseliet added indomethacin (HF/HS+IND&)Body weight development

during 6 weeks of feedin®: Mean total body weight gain after 6 weeks of feedifiglntraperitoneal glucose tolerance test
(i.p-GTT)2g/kg) performed on mice fastl for 6 hoursD: AUC i.pGTTE: Insulin tolerance tesiTT)after 6 weeks on their

respective dietsk: AUC ITTG: Plasma glucose fed and fasted state.Plasma insulin fed and fasted statsl results are

presented as mean + SEM. Statistical diffiess are denoted withtars;F  t XX n dnp X Fsadaptod frambEvend CA 3 dzN.
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2.0 MATERIALS AND METHODS

2.1 THE ANIMAEXPERIMENTS

The animal model

We used theC57BL/6JBomTawouse strain as model inall experiments. This mouse strain

is commonly used in metabolic studies, becatisese micerapidly develop obesity, glucose
intolerance andinsulin resistance when fed a high fat and high sucrose (HR&iB)vit,
Feinglos et al. 199%and a high fat (HF) digMontgomery, Hallahan et al. 201.3During
normal development, when fed a regular diet with 6 % fat, the C57Bii6d have an
averagebody mass of 29, 97 gram at 16 weeks of age. In average, the blood glucose levels

are 159mg/dl and the liver masses 1.444 grgime jackson Laboratory 2007

Figure 2.1: C57BL/6J mous& frequently used animal model in studies of obesity and relatetabolic disease§The
jackson Laboratory 20).3

Animal care

Male C57BL/6dnice eightweek of age, were obtained from Taconic, Denmdike mice
were housed in individual cages, and kept id2Zahours light/dark cycle at 280 C° and
approximately 5665 % humidity After one week of acclimatizationmice were assigned to
different experimental diets. Duringhe experimens the mice had free access to the
respective diets and tap water. The mice were fadcee times a week and received fresh
water two times per week. The caloric intake for each mouses calculated from theekd
given excluding the collectecedd remnants. The mice were weighted oncewvaek and
MRI¢scanned(Bruker Minispec LF50mq7j.before the experiment startup and during the
experimens. The Norwegian State board of biological expents approved all protocols

used in the experiments.
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Experimental setup

This master thesis consiststhfee animal experiments.

Experiment 1:

This first experiment was separated in two parts.

Part 1: Sixty male C57/BL6 mice were weighted and-stianned before they were divided

into three different groups (n=20) and fed a regular diet (RD), a high fat/high sucrose (HF/HS)
diet, or an HF/HS diet supplemented with 16ppm indomethacin (HF/HS+INDO). The mice
were grouped based on their bodyassand fat mass, to make the groups as similar as
possible and fed their respective diets for 10 weeks. Adtereeks a secontiRkscan was
performed. After 9 and 10 weeks, an intraperitoneal glucose tolerance tgsGTT) and
insulin tolerance test (ITT) wereegormed, respectively. Glucose and insulin were dosed
based on total bodyand lean mass, on half of each experimental groups. After 10 weeks of
feeding the mice fed HF/HS+INDO were terminated, whereas theaRDHF/HSed mice

were used in the par of the experiment(figure 2.2.A).

Part 2: The mice fed the Rand HF/HSliets from part 1 were divided into two subgroups.
Based on bodymassand fat mass the RDfed mice were divided intcone subgroup
continuously fed RD (n=8) and one subgroup RiHINDO (r8}. The mice fed HF/H8et
from part 1 were also divided in two groups; ooentinuouslyfed the HF/HS&liet (n=9) and
one with a HF/HS+INDO (n<8pure 2.2.A). Fractions of the C57BLJ&nice are highand
low gainers, respectivelfKoza, Nikonova et al. 20p&\s an important ainin this part was
to investigate if indomethacin was able to reverse obesity in Hiféd $nice and/or reduce
adipose tissue mass in R&d mice, it was important that théody fat content were
comparable within each subgroup at onset of the experiment. &foee, 5 mice from the RD

and 4 mice from the HF/HS group were excluded ét®tscan before onset of part. 2

22



MATERIALS AND METHODS

Experiment 2:

Twentymale C57BL/6dnice were usedin a 180week long experimentAfter one week on a
RD, the mice were fean HF/HSdiet. After both 1 week of RE2eding and after 9 weeks of
HF/HSfeeding, the micevere dividedinto two cohorts and an.p-GTT was performed. One
cohort was injected withindomethacin (2,5 mg Kgody mass) dissolved in saling&nos,

Daviset al. 2012 or the saline solution precisely 1 hour before it@GTTs were performed.

Experiment 3:

Sixty male C57BL/Gdice were weighed and MRcanned before they were divided into
three different diet groups (n=20)lo ensure comparablénitial body massand fat mass
within each experimental group, the mice were weighted &t@lscanned before assigned

to their respective dietsThe mice were fed mRDQ an HF/HS dietpr an HF/HSINDGdiet.

An i.p-GTTwas performedafter 1, 2, 3, and 9 weeks, and an oral glucose tolerance test
(OGTT) after 8 weeks feeding A meal tolerance test (MTT) was performed at the onset of

the experiment (initial MTT) and after 1, 2, 3, and 10 waedkeeding(figure 2.2.B).

A Experiment 1 B Experiment 3

PART 1 PART 2
RD
n=10

n=20 HF/HS GTT
RD+INDO n=10 |
HF/HS+INDO!

Sixtymale
C57BL/6J HE/HS
mice

HF/HS Sixtymale n=10
C57BL/6J —
mice
RD

HF/HS+INDO | n=10 |

n= 20

HF/HS
HF/HS+INDO MTT
n=10 |
n=20 . J

HF/HS+INDO
n=10 |

Figure 22: Experimental desigi\: Experiment 1B: Experiment3.
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Experimental diets

In the animal experimentsfour different diets were used: RD, RD+INDO, HF/HS and
HF/HS+INDO. Details regarding the composition of the diets are shown ir2thblhe diets

were obtained from Ssniff, Spezialdiaten, Germany and were specially designed for rodents.
The producer mied the nonselective COXahibitor indomethacin into the diets. The
concentration of indomethacin was added at a concentrationl®mg/kg diet. The diets

were stored at20 °C during the experimest

Table 2.1 Components of the different diets usedha feeding experiments.

Ingredients RD RD+INDO HF/HS HF/HS+INDO
(9/1009) (9/1009) (9/1009) (9/1009)

Energy 18,0 MJ ME/Kg 18,0 MJ ME/Kg 20,1 MJ ME/Kg 20,1 MJ ME/Kg
Protein 20,8 20,8 17,7 17,7
Fat 4,2 4,2 25,1 25,1
Starch 46,8 46,8 - -
Fiber 5,0 5,0 5,0 5,0
Sugar 10,8 10,8 44,6 44,6
Crude ash 5,6 5,6 34 34
Indomethacin - 0,0016 - 0,0016

Figure 23 gives a schematic presentation of the metabolizable energy distribution in the RD
and HF/HSliets. The RD contained 18y0)/kg of energy and the HF/HS diets contained 20,1
MJ/kg of energy.

Metabolizable energy in the high fat
and high sucrose diet

Metabolizable energy in the regular diet

H Protein 23 % B Protein 20 %

3 Fat11 % 0 Fat31%

[ carbohydrates 66 % I carbohydrate 49 %

Figure2.3: Distribution of metabolizable energy in the regulat diet and high fat/high sucrese di
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2.2 GLUCOSE TOLERANCE TEST AND GISTOIM3EATED INSULIN SECRETION

Glucose tolerance test (GTT)asommonly usednethod in diabetes research tevaluate
glucose homeostasis mice (Andrikopoulos, Blair et al. 20D8The mice were placed in new
cages in the morning and fasted for 6 hours to achieve baseline blood glucose levels. The
mice had tap water available during the fasting period, but not dutimegtest. The amount

of glucose injectedntraperitoneal (i.p) or orally gavagevas based on their bodgass (2

mg/g body mass) or on their lean mass (3 mg/g lean mads. blood samples were
collected by tail puncture and measured using a glucom@@entour next USB glucometer,
Bayer healthcare, USA). Blood glucose levels were measured beformjéioion with
glucose (0 minutes). After the injection, the blood glucose was measured after 15, 30, 60 and
120 minutes. To evaluate glucesemulated irsulin secretion (GSIS), 20 of blood were
collected before the injection with glucose and 15 minutes after the injection. The blood was
centrifuged 10 minutes with 1300 x g, and.@m of plasma was pipett&in new tubes and

stored at-80 °C until analyging plasma insulin with ELISA insulin kit.

2.3 INSULIN TOLERANCE TEST

The insulin tolerance tests (ITT)ene performed according to a protocol described by
(Bruning, Winnay et al. 1997To achievecomparable blood glucose levels between the
mice, all mice werallowed to eat forone hour followed by one hour of fasting befortthe
ITT was performedrhe blood glucose was measureding a glucometer as described above
before the intraperitoneal injeon with insulin and after 15, 45 and 60 minutes. The
amount of insulin injected asbased on their bodynass(0.75 U/g body masspr lean mass

(1 U/g lean mass).

2.4 MEAL TOLERANCE TEST AND MEAL STIMULATED INSULIN SECRETION

The meal tolerance tegMTT)was performed after the description frofCoate and Huggins
2010. The mice were fasted over night and the blood glucose levels were measured after
the 16 hours of fastingThe mice had tap water available during the fastamgl during the
meal. The mice were feed.® gram of their respective diets and they were alkhto eat for

20 minutes Blood glucoséevelswere measured when feed remaining (if any) was removed

(designated time 0), and 15, 30, 60 and 120 minutes after the meal agghgcometer as
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described above. To measure meal stimulated insulin secretion (MSI8)02®lood were
collected before the meal and 15 minutes after the meal. The bloedewentrifugedas
described abovend 710 m of plasma wre transferred tonew tubes and stored-80 °C

until analyzing the plasma insulin levels with ELISA insulin Kit.

2.5 TERMINATION AND COLLECTION OF TISSUE

The mice were anaesthetized with isofluran (Isalet, Schering Plough Denmark) using the
anesthesia apparatus Univentor 400 Anesthesiait (Univentor Limited, Sweden) and
terminated with cardiac puncture..8 m of blood was collected from the heart with a
syringe and placed in a tube that contained the anticoagulant EDTA. The samples were then
centrifuged at 1300 x @1 10 minutes toseparate plasma from red blood cells. Inguinal
(IWAT), epididymal (eWAT), interscapulat (iBAFadipose tissue and livetissue were
dissected out, weightedglaced in plastic bags and freeze clamped before they were quickly
transferred to dry ice and tar storedat -80 °Cuntil further analyses. Parts @WAT, iIWAT

and liver were fixed in 4 % formaldehyde and later prepared for histological examination.

2.6 INSULIN MEASUREMENT IN PLASMA USING ELISA INSULIN KIT

Insulin (mouse) ELIS#& (DRG Instruments, GmbH, Germany) was used to measure insulin

levels in plasma. For reagents see appendix table. Alvo monoclonal antinsulin

antibodies are directed against separate determinants on the insulin molecule. Cthe of
anti-insulin antibodies is bound to the well and the other is conjugated with peroxidase.

Both of the antiinsulin antibodies react with the insulin in the samples. Unbound conjugated
antibodies are removed by washing. The bound conjugated antibodeesletected with a
ALISOGNRLIK2G2YSGESNI | F-0 SHNING S DK & 2 ¢S yol AAGRKA yoSXbo QLpi
the amount of insulin present in the sample! & SN & Yl ydzZl € LyadzZ Ay az2d

All reagents and plasma samples were brought to room temperabefere use. Standards
were analyzed in duplicates. 5 pg of plasma was diluted with 5 pg of calibratod 00 ug

of the calibrators and the plasma was added to a8l plate. 100 pg of enzyme conjugate
were added to each well and the plate was covered with plastic and placed on a shaker

(Labsystems IEMS Reader MF) for 2 hours. After incubation the samgtesmashed6
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times with an automatic washer (Skan washer 300 version B). 200 ug of TMB substrate
solution were added to each well andhe plate wasincubated for 15 minutes in room
temperature in the dark. 50 pg of stop solutiorere added to each well and put on a shaker

for 5 seconds. The absorbance was measured at 450 nm using a plate reader (Labsystems

A9a{ NBIFRSNJaCu 6! aSNRa YlydzZft LyadZ Ay az2dza$

2.7 HISTOLOGY

Sections from eWAT, iWAIBATand liver vere subjected to H&E after fixation, dehydration

andparaffin embeddingFor reagents see appendable A.2.

Fixation
Small sections dissue were fixated in 4o paraformaldehydeand 0.1 M phosphatebuffer
(PB) directly after dissection. After 15 howfdixation, the samples were washed once in O

1 M PB, and then left for 1 hour in the buffer before dehydration.

Dehydration and infiltration
Water and thefixative solutions from the tissue were removed with repeatedly replace the

fixative with increasing concentration of alcohDehydration stepsrelisted in table2.2.

Table 22: Dehydration steps of tissue

Reagent Time (min)
75 % Alcohol 45

95 % Alcohol 45 x 2

100 % Alcohol 45x 3
Xylen 45x 2
Paraffin overnight
Paraffin 15x2

When the tissues were completely dehydrated in 100 % alcohol, the alcohol was replaced
with Xylen, a medium botlsoluble in alcohol and paraffin. The tissues were infiltrated in
liquid paraffin (Histowax, histolab products AB, Sweden), heated to 60 C° and stored

overnight.
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Paraffin embedding and sectioning

The tissues were embedded in paraffin using ECpzs@affin embedding center (Microtom
international, GmbH, Germany). A microtome (Leica RM2165, Germany) was used # cut 3
pum thin slices from the embedded tissue. The sections were carefully placed in a bath with
ddH20 added some drops of methanol. Thetma@ol is added to help the tissue to stretch.

The sections were transferred tonicroscopeslidesand left to dry overnight.

Hematoxylin and eosin staining

Before the tissue sections werstained by hematoxylin and eosin (H&M) they were
rehydrated.Hematoxylin stains the nucleus of the cell and eosin stains the cytoplksite
2.3 presents the procedure of rehydration, staining and dehydration oftibgue sections.
After staining, the slides were dehydrated and mounted with a xp@sed glue andover

glass, and left to dry over night.

Table 2.3hematoxylin and eosin staining procedure

Microscopy

The stained sections of IWAT, eWAT, iBa&1d liver were visually examined and

Reagent Time
Xylene 2 x 10 min
100 % EtOH 2 x 10 min
95 % EtOH 2 x5 min
75 % EtOH 5 min

50 % EtOH 5 min
ddH20 5 min
Hematoxylin 2 min
H20 wash
Eosin 30 sec
H20 wash
ddH20 1 min

50 % EtOH 2 min

75 % EtOH 2 min

95 % EtOH 2 X2 min
100 % EtOH 2 x5 min
Xylene 2 x5 min

photographed using lab Olympus BX 51 binocular microscope.
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2.8 REAL TIME gPCR

RealTime gPCR isndluorescencebased method used for analyzing gene expression. The
final results represent the mRNA expression at the time of the sample collection. The
relatively simple design and the ability to handle large number of samples are some of the
advantages wth this method(Valasek and Repa 200%iver tissue from experiment 1 part 2

was analyses with Real Timé*¢R.

RNA purification

The firststep inthe RNA purification @wsto homogenize the livetissue inTriazo] a solution
containing phenol and guanidinium salts. Chloroform was added to separate RNA from DNA
and proteins isopropanolwas addedto extract RNA from the water phag&lIFES 2005

RNA is vulnerable and easily degraded if not carefully harafeditis important to isolate

RNA of good quality to produce accurate and reliable tegal the Realime qPCR analyzes
(Valasek and Repa 2003Reagents and chemicals used RNA purificationare listed in

appendixtable A.3.

HomogenizationSmall pieces of frozeliver tissue were put in single tubes with 1 of

Triazoland 2-4 beadsThe tubes were then homogenizes with a machine (Precellys 24 lysis &
homogenization instrument, Bertin Technologies) who shacked the tubes at 6000 rpm for

3x10 second&NIFES 2005

RNA purification: Homogenized samples were centrifuged 10 minutes at 120804 °C.

The homogenate @as thenadded to clean tubeand 200 pl of chloroform w&sadded and

the tubes were shacked for I¥emnds The mixed solution was incubated for 3 minutes in
room temperature. The samples wethen centrifuged 15 minutes at 1200 x g at 4 °C.
After the centrifugaion, the solution contained two phasegshe upper blankphase
contained the RNA and wdgnsferred to a new tube and 500ul isopropanol was added.
The mixture was incubated for 10 minutes at room temperature and subsequently 60 10
minutes at 4 °C. Theamples were centrifuged 20 minutes at 12000 x g. After centrifugation
the supernatant was removed with a pipet@ad the RNApellet was washed by adding 1 ml

of cold 75% ethanah the tube The tubes wereortexed until the RNApellet loosened from
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the bottom of the tube and subsequently centrifuged 5 minutes at 13000 x g. After 3 washes
the supernatant was removed by decanting with a pipette. The RNA pellet was dried and
resolved in 56200 pl ddHO. The RNA concentration was measured using the Nanadip
1000(NIFES 2005

RNA concentration and purity on the Nanodrop NIDOO

The RNA concentrations were measured usiiggaodrop 1000 spectrophotometer (Saveen
Werner, Sweden). RNA concentratiorwere measured at wavelength 260 nnand
acceptable values for concentratiamere in within a range of 53000 ng/pl. The instrument
calculatel ratio of wavelength260/230 nm, this atio is a good indicator of sample purity. A
ratio between 1,72,0 isconsidered agpproved purity A low ratio can be a sign of high salt

content in the sample or othampurities(NIFES 2005

The RNA quality is measured on a bioanalyZdre measurements on the Nanodrop
spectrometer examinenly concentration and purity of the samples, but not the sample

quality.

cDNAsynthesis using Reverse Transcription reaction

TheRNA igeversed transcribed to cDNA&ith the Reverse TranscriptidRT)- reactionusing

the enzyme reverse transcriptasReagents and chemicals used inrBdctionare listed in
appendixtable A.4 cDNAIs synthesized from RNA from the samples, by using Multiscribe
reverse transcriptase with Oligo d{(d primer. To ensure that the RNA concentration was
acceptable all samples were measured with Nanodrop-NIDO. RNA or ddld was added

to achieve the desired concentration of 50 ni(+/- 5%)(NIFES 2005

A pool of RNA with %1 from each sample as prepared and subsequently a series of
dilutions was made from this padhis represented the samples for a standard curve at the
96-RTplate. The Rreaction mix was prepared with the ingredients listed in tablé(NIFES
2005
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Table2.4: The RTreaction mixture used in 5@ reaction(NIFES 2005

Reagents 50m Concentration
RNase free ddjo 8,9

TagMan RT buffer 10X 5,0 1X

MgCI2 (25mM) 11,0 5,5 mM
GeneAm@N deoxyNTP Blend (10 nM) 10,0 500nM per dNTP
Oligo d(Tys primer(50mM) 2,5 2,5nM

RNase inhibitor (20d) 1,0 0,4 Uhi
MultiScribé " Reverse Transcriptase 1,67 1,67 Uhi

40 m of the RTreaction mix was distributed in each well. A clean plastic cover was placed on
top and the plate was centrifuged for 1 minute at 50 x g. The plate was then placed in the
Gene Amp. PCR system 9700 PCR machine (Applied biosyst&asThe terminal cycling
parameters for Rfeaction are shown in table 2. The Riplates were stored at20 °C until

use.

Table 25: Temperature conditionduring RFreaction.

Step Temperature (°C) Time (minutes)
Incubation 25 10

Reverse trancriptase reaction 48 60

Reverse trancriptase inactivation 95 5

End 4 a

Determination of gene expression by RealTime gPCR

The Realime gPCRvasused to measure the gene expression of tiver tissue The target

DNA sequencavas thecDNAsynthesized in the Rikeaction. The thermal cycle program
used at the Lightcycler 480 is listed in taBlé. The preincubation activates the FastStart
DNA polymerase. The second step is amplification of target BidAthe amplification
continues in 40 ycles. Each new cycle starts with primer annealing to target sequence
followed by elongation. The fluorescent SYBR GrearDBIA bindghg dye, amplified cDNA

and increase fluorescence intensity. The fluorescence is high at high rates of double
stranded DM (dsDNA) and low intensity when the presence of dsDNA is low. A fluorescence
sensitive instrument is monitoring the fluorescence at the end of every PCR cycle and

thereby monitoring amplification of DNA during the whole process. The fluorescence is
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detected at wavelength 510 nm using a chaxgmipled devise camera. The original amount
of target sequence correlates with the cycle time (Ct), when the fluorescence reaches a
threshold level. The Ct value is thereby used for a quantitative determination of gene

expression.

There are three steps in a PCR reaction. The first step is denaturation at 98 °C. The high
temperature denatures the DNA strands and melts the DNA into single strands. The second
step is to lower the temperature to 60 °C, now the primards to their specific sites. Finally

the temperature rises to 72 °C and themplementary straneéxtensionfrom each annealed

primer.

Table2.6: The thermal cycle program used in a RealTime PCR machine

Step Temperature (°C) Time Number of cycles
Pre-incubation 95 5 minutes 1
Amplification 95 10 seconds
60 20 seconds 40
72 30 seconds
Melting point analyzing 95 5 seconds
65 1 minute 1
97
Cooling 40 10 seconds 1

A reaction mix was prepared with the following ingredients for a full plate (TAB)ENIFES
2005. 110 plof reactionmix was pipette ito 8 wells on a strip and a plastic cover put on
top. The R¥Pplate was vortexes at 1100 rpm for 3 minutes and then centrifuged at 1000 x g in
1 minute. The Rplate and the 8 wells strip with the mixas placed in a pipette robot
(Biome 3000 Laboratory Amination Workstation, Beckman Coulter, USA). The Real Time
plate was centrifuged at 1500 x g in 2 minutes and placed in the Light Cycler 480rReal
PCR system (Roche, Norw@y)FES 2005

Table2.7: Reaction mix with the respective primer for Real Time qPCR re@tiiis G05).

Reagents Amount
ddH0 331ni
Primer 1 (forward) 57m
Primer 2 (reverse) 57m
Cyber Green 570
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2.8 STATISTICAL ANALYSES

Statistical analyses of data were performed with GraphPad Prism FiteChomogeneity of

the variances in the data was tested using Bartlett’s test of equal variances. Where there
was no significant difference in variance or normalibne-way ANOVA were used to
comparedifferences between the RD, HF/HS and HF/HS+INDO &ed foliowed by Tukey’s
Multiple Comparison Tesin part 2 in experiment 1,raunpaired ftest was performed
between the RD and RD+IND@d mice, and betweenhe HF/HS and HF/HS+IND{&d

mice 5 A E 2 ye§ &as usedor detection ofsingle outlies.
Results were considered significant differenttwi Pvalue< 0.05. All results are presented

as mean = SEM. Statistical differences are denoted with gtarst X n®npZ FFf t X n

nennmz FFFF tXK ndannnmoe
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RESULTS

3.0 RESULTS

3.1 EXPERIMENT 1, PART 1

INDOMETHACIN REDUCED BODY WEIGHT GAIN AND FEED EFFICIENCY

To confirm the ability of indomethacin to attenuate high fat high sucrose (HFR/d8¢ed
obesity inC57BL/6J mice, A0-week feeding experimentwas performed.Three different
diets were usedHF/H&diet, HF/HS+IND@iet and RD (chow) as a reference The body

weight development during the feeding experiment is shown in figure 3.1.A.

As expected, HF/H®d mice gained significantly more weight thathe RDfed mice
Confirming an earlier unpublished study in our group, the body weight gain was significantly
reduced by inclusion of indomethacin in théF/HSdiet (figure 3.1.B). This difference in
weight gain coulchot be explained bylifferences inthe energy intake, as this was similar
betweenthe HF/HSand HF/HS+IND€@d mice (Figure 3.1.C). Thus, the feed efficiamay

lower in HF/HS+INDf@d mice, than in HF/Hf&d mice (figure 3.1.D)
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RESULTS

Body weight gain and feed efficiency during 8 weeks of feeding

A Body weight during the feeding experiment
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Figure 3.1:Male C57BL/6J mice (n=28) were fed a high fat/high sucrosiet with and without indomethacin and a

regulardiet for 10 weeks. All results in this figupeesentdata before the testing was performed: Body weight

development during the first 8 weeks of the feeding experimBnBody weight gain after 8 weeks of feedirt.Total

energy intakgkcal)during the 8 weeks of feedinB: Feeding efficiency was calculated based on energy intake and weight

gain. All results are presented as mean + SEM. Statistical differences are denotednsith s t XX ndnpX FfF t X ndn

neéennmz FFFF tX ndnnnanmd
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RESULTS

INDOMETHACIN ATTENUATED HHE®JCED OBESITY DEVELOPMENT

HF/HS+INDGed micegained significantess body weight therHF/HSfed mice To confirm
that indomethacin attenuated HF/H8&duced obesity, a MIRscan was performed after 6
and 8 weeks of feeding. After 6 week#~/HS+IND@ed micehad significantly less famass
than HF/HSed mice (figure 3.2.A)The differencein fat masswas even more pronounced
after 8 weekson their respective dietfigure 3.2.B). After 6 weeks of feeding, lean mass was
not significantly differentbetween RD, HF/HS and HF/HS+IN2® mice (figure 3.2)C
However, after 8 weekdoth HF/HSand HF/HS+INDf@d mice had lower leatean mass
than the RBfed mice figure 3.2D). This indicatethat indomethacin attenuates the HF/HS

induced growth of fat mass.

Fat and lean mass after 6 and 8 weeks

= RD =3 HFHS & HF/HSHNDO

A Fatmass after 6 weeks B  Fatmass after 8 weeks
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Figure 3.2:.Bodycomposition of fatmassand lean mass of the male C57BL/6 mice (r2Q)8after 6 and 8 weeks on their
respective dietsA: Fat mass (g) after 6 weeks of feediBgFat mass (g) after 8 weeks of feedi@g_ean masgg) after 6
weeks of feedind: Lean masgg) after 8 weeks of feedindll results are presented as mean + SEMtistical differences
are denoted withwrs;F 0.0 F F OtOM§ F F 0.004¢ F F FO.000X
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RESULTS

INDOMETHACIN DID NOT PREVENT HRMBISCED GLUCOSE INTOLERANCE

A mentioned, desity andimpaired glucose toleranceormally occurtogether, and it has
been assumed thathe impaired glucose tolerance andhe following increased insulin
secretion and insulin resistance are consequences of increaggse tissuanass. Thus,
the eatlier unpublished findingthat HF/HS+IND@ed micehave improvednsulin sensitiity,

co-occurring with impaired glucose toleran@ e surprising. To confirm thisomewhat
paradoxical phenotypean i.p-GTT was performedh the fasted stateafter 9 weeks of
feeding Insulin levels were measured in the fasted state and 1l5utemafter glucose

injection to determineglucosestimulated insulin secretion (GSIS).

Blood glucose levelsefore andafter i.p-injection ofglucose (2 mg/g bodgnasg are shown

in figure 3.3.A. Calculation of area under cuf#@JC)showed that mice fed a HF/ktfet
with and without indomethacin, had significanilypairedglucose tolerance compareaith
RDfed mice. In agreement with an earlier unpublished study performed in our group, the
AUCfrom the i.p-GTTindicated no significant difference between HF/H& mice and
HF/HS+IND@ed mice(figure 3.3B).

Fasting blood glucose levels are presented in figgu®C. Compared with Ridd mice,
fasting blood glucose levels were significantly increasedHF/HSfed mice but not in
HF/HS+IND@ed mice. 15 minutes after the glucose injection, thevere no significant
difference in blood glucoskevelsbetween HF/I$ and HF/HS+IND{2d mice, but HF/HSed
mice had significant higher blood glucdsegelsthen RDfed mice (figure 3.3.D).

As expected, the HF/HS8et led to a significant increase in plasma insulin Isirethe fasted
state. Importantly, this was not seen when indomethacin was added in ¢kd (figure
3.3F). Furthermore, compared witRDfed mice the insulin levels 15 minutes after the-
injection were significantly higher in mice fed the HR8&. Insulin levels 15 minutes after
i.p-injection wasnot significantly higher in mice fed HF/HS+INDO than HieRDnice (figure
3.3.G). Thus, the change in plasma insigwelsfrom fasted state to 15ninutesafter the i.p-
injection were significant increase in the HF/H&I mice, but not when indomethacin was

added in the éed.
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RESULTS

Intraperitoneal glucose tolerance test
injection with glucose 2 mg/g body mass
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Figure 3.3Ani.p-GTTwas performed after 9 weeks on mice fed RD, HF/HS and HF/HS+INDO (n=10). The mice fard fasted
6 hours when the test started. The miwzere given an intraperitoneal (i.p)injection with glucose (2mg/gody mas} A:

Blood glucose during thep-GTT, the blood glucose levelsremeasured beforeand 15, 30, 60 and 120 minutes aftgr-
injection B: AUC.C: Blood glucose after 6 hours of fasting: Blood glucose levels 15 minutes after ityinjection E:
Change in blood glucose from fasted to 15 min afterijpénjection.F: Plasma insulin after 6 hours of fasting: Plasma
insulin 15 minutes &r thei.p-injection.H: Glucose stimulated insulin secretion, the change in plasma insulin from fasted to

15 minutes after the.p-injection.All results are presented as mean + SEMtistical differences are denoted wittass; *

t MO5F F Ot0O2 fF F 0.0
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RESULTS

INDOMETHACIN ATTENUATED HRH®&ICED INSULIN RESISTANCE EVALUATED BY
HOMAIR INDEX

To evaluate the insulin sensitivity, a homeostasis model assessmsiin resistance
(HOMAIR) indexof all mice was calculated. A high HOMAR score indicates insulin
resistance or T2DMHOMAIR index is normally calculated from fastedplasmalevels of
glucose and insulin in the same mou@onora, Formentini et al. 20Q02Here, we used
fasted blood glucose anderumplasma insulievelsto calculate HOMARIn the formula

(Fasting blood glucose (mmol/Ljasting plasma insulin (mU/L)/22,5

The calculated HOMIR score is presented in figure 8. The HOMAIR score was
significantly higher in HF/H8d mice than both RD and HF/HS+IND€@d mice This

indicates that indomethacin attenuates HFA#f8luced insulin resistance.

HOMA-IR
0.4 1 I rRD
FkkKk *% 3 HF/HS
034 T B HF/HS+INDO
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- E
5 02-
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£
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Figure 3.4 HOMAIR score determined from blood glucose and plasma inseNiels in mice fed RD, HF/HS and
HF/HS+INDQAIl results argresented as mean + SEBtatistical differences are denoted wittass;F  0.08, F F OtO

F FF O0.QO¥F F F FO.0002
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RESULTS

INDOMETHACIN DID NOT IMPROVE INSULIN SENSITIVITY WHEN MEASURED BY INSULIN
TOLERANCE TEST

The HOMAR index indicates thatindomethacin attenuates HF/H8duced insulin
resistanceTo confirm thisan ITTwas performedfigure 3.5).SurprisinglyAUCshowed that
there were no significant differences betwedRD, HF/H8r HF/HS+IND@ed micein the ITT

Insulin tolerance test
injection with insulin 0,75 U/g body mass
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Figure 35: AnITTwas performedafter 10 weekn mice fed RD, HF/HS and HF/HS+INDO (A=bfgasurement of blood

glucose levels before and 15 and 30 minutes after i.p injection with iBsWldC All results are present as mean + SEM.
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RESULTS

EVALUATION Qp-GTT AND ITT ON INJECTION DOSE BASED ON BODY MASS VS. LEAN
MASS

It is generally accepted that approximately 75% of the glucose is taken up in skeletal muscle
(Lin and Sun 2030Therefore when glucose is injected based on total body mass, g&icos
tolerance measured by anp-GTT might thus simply reflect an increased adipose tissue
mass. Conversel¥f, the dose of msulin injected during théTT is based on total body mass,
obese mice are injected with a higher dose of insulin than lean mice, and might thus appear
more insulin sensitive.Therefore, b re-evaluate the glucose intolerance @ninsulin
sensitivity, thei.p-GTT andTT were reperformed. Here the glucose and insulin load injected

were calculated based on lean body mass.

I.p-GTT- injection dose based on total bodgnassvs. lean mass

Thei.p-GTTperformed on injection dose based on lean massafirmedthe reduced glucose
tolerance in both HF/HSand HF/HS+IND€@d mice (figure &). Moreover, as seen when
the glucose load was based on body weight/Cwas not significantly different between

HF/HSand HF/HS+INDfed mice.

Thei.p-GTT verified that fasting blood glucose levels were significantly increased in-HF/HS
fed mice compared to Rf2d mice. Furthermorgthere wasno difference between HF/HS
and HF/HS+IND@d mice infastedblood glucosdevelsor blood glucosdevels15 minutes
after thei.p-injection (figure 36.D). This was not observed when glucose load was based on

bodymass

Fasted plasma insulirand plasma insulitevels15 minutes after the.p-injection were not
significantdifferent between the Rband HF/HSed mice whennjection dose wavased on
lean mass (figure 36.F and 3.6.3. Moreover plasma insulinhad the same tendency in
differencebetween the HF/HSand HF/HS+IND€@d miceas seen irthe i.p- GTT based on

injection dose on body mass.
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RESULTS

Intraperitoneal glucose tolerance test
injection with glucose 3 mg/g lean mass
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Figure 3.6Ani.p-GTT was performed after 9 weeks on mice fed RD, HF/HS and HF/HS+INDOHesii@g had fasted for

6 hours when the test started. The mice were givenn&raperitoneal (i.p}-injection with glucose (2mg/g leamass) A:
Blood glucose during the #@TT, the blood glucose levelsremeasured beforeand 15, 30, 60 and 120 minutes afigr-
injection. B. AUC.C: Blood glucose after 6 hours of fastiig: Blood glucose levels 15 minutes after thginjection E:
Change in blood glucose from fasted to 15 min afterifpnjection.F: Plasma insulin after 6 hours of fasting: Plasma
insulin 15 minutes after thiep-injection.H: Glucose stimulated insulg®cretion, the change in plasma insulin from fasted to
15 minutes after the.p-injection. All results are presented as mean + SEM. Statistical differences are denotetasith s

tXK ndnpZ fFfF tX ndamzZ FrfF tX ndnnmzZ FFFF tXK ndnanmod
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RESULTS

ITT-injection dosebased onlean mass
The ITT based on injection dog@enon lean mass verified no significant differences in AUC

between the RD, HF/HS and HF/HS+IN&mice (figure 3.7).

Insulin tolerance test
injection with insulin 1,00 U /g lean mass
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Figure 37: An ITTwas performed on mice fed RD, HF/HS and HF/HS+INDO after 10 week of feedit®) f=Bood

glucose levels before and 15 and 30 minutes after i.p injection with iBsWIldC All results are present as mean + SEM.
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RESULTS

3.2 FEEDING EXPERIMENT 1, PART 2

Part 1 ofin feeding experimeni. confirmed that indomethacin is able to attenuate HFfHS
induced obesity, but not glucose intolerance in C57BL/6J mice. Since the reduced obesity
development was accompanied with reduced feedficeency, we investigatel if
indomethacin is able to reverdéF/HSinducedobesity.Moreover, we asked if indomethacin

would influence the glucose tolerance in mice fed a RD (chow) diet.

To investigate thiswe took advantage of the obese HFA#8 micefrom the first part in
feeding experiment 1 with a medrody massof 326 gramand 7.8 gam fat mass Based on
body massand fat massthis group of mice was divided into two subgroups of mice that
were fed the HFHSdiet. One subgroup wasontinually fed the HF/H&liet and the other
subgroup was fed HHS+INDO. To investigate if indomethacin would influence glucose
tolerance in mice fed a R@how) diet, we took advantage of the Rigd mice from the first
part in feeding experiment,lby dividing this groupf miceinto one RD and one RD+INDO

subgroup.
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RESULTS

INDOMETHACIN DID NOT REDUCE BODY WEIGHT OR FEED EFFICIENCY IN OBESE HF/HS
FED MICE

The body weight development during the feeding experiment is shown in figl8é.3.
Indomethacindid not reduce the obesity inthe HF/HSed mice (figure 3.B). The energy
intake was similar in the HF/H&nd HF/HS+IND@d mice (Figure 8.C)and consequently
there were no differences in fekefficiency between HF/HSand HF/HS+IND€@d mice
(figure 38.D).

Body weight gain and feed efficiency during 6 weeks of feeding
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Figure 3.8:Male C57BL/6 mice (n8) were fed a RDRD+INDQ HF/HSand HF/HS+IND@iet for 8 weeksAll results in
this figure present data before the testing was performedl. Body weight development during the first 6 weeks of the
feeding experimentB: Body weight gain after 6 weeks of feedir@.Total energy intak€kcal) during the 6 weeks of
feeding, estimated from the food given excluding the collected food remriarfiseding efficiency was calculated based on

energy intake and weight gain. All results are present as mean + SEM.
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RESULTS

INDOMETHACIN DID NOT REDUCE FAT MASS IN OBESE MICE

HF/HS+IND@ed mice gained the same amount of bodyassas the HF/H$ed mice. To
confirm that indomethacinvas unable to reversélF/HSinduced obesity, a MIRscan was
performed after 4 and 6 weeks of feedingdomethacindid notreduce fat mass in HF/HS
or RDfed mice duringhe 6 weeks of feeding, andias thereby unabk to reverseobesity
(figure 39.B and 30.C). There was no difference in lean mass (figuwde3and 3D.F).

Fat and lean mass after 4 and 6 weeks
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Figure 3.9MRlIscan of fat and lean mass of the male C57BL/6 mice {@)Fas performed at start (initial) and after 4 and
6 weeks on their respective diets: fat mass (g) when the experiment startdl. fat mass weight (g) after 4 weeks of
feeding.C:fat mass veight (g) after 6 weeks of feedinD: Lean mass weight (g) when the experiment staried.ean mass

weight (g) after 4 weeks of feeding.Lean mass weight (g) after 6 weeks of feeding. Results are present as mean + SEM.
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RESULTS

INDOMETHACIN DID NOT REDUGEEMASS OF ADIPOSE DEPOTS, PANCREAS OR LIVER
MASS IN OBESE MICE

The MRI-scanshowedno significantreduction in fat massifter 4- or 6 weeks of feedingn
HF/HSINDOfed micecompared to HF/HEd mice or RD+IND&ed micecompared to RDb
fed mice To verify that the masses of the adipose tissue depots were unchameygaT,
IWAT and iBAWere dissected out and weighted@he mice were terminatedfter 8 weeks of

feeding.

Indomethacin had no effect in reducing weight in the adipose tissue depotsTeffiure
3.10.A), iIWAT (figure 3aB) or iBAT (figure IC) between HF/H&nd HF/HS+IND€@d
mice. Nor did indomethacin reduce pancreas or lmass(figure 3.0.D and 3.0.E). REed
mice hadsignificantly more eWATand iBATmassthan RD+IND@ed mice (figure 3.0.A and
3.10C). Howeverindomethacin did notstatistically induce anydifference in masses of

IWAT, pancreas and liver (figure G.B, 3.D.D and 3.0.E).

Masses of adipose depots, pancreas and liver
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Figure 3.10:Masses of adipose depots, pancreas and liver after dissection of mice fed RD, RD+INDO, HF/HS, HF/HS+INDO

(n=7-9). A: Mass (g) of eWAB: Mass (g) of IWAT:Mass (g) of IBAD: Mass (g) of pancreds:Mass (g) of liver. All results
are presented as meanSEM. Statistical differences are denoted withsf t XX ndnp @
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RESULTS

HISTOLOGY INDICATED NO-INBUCED HYPERTROPHY OF WAT

An earlier unpublished study in our group has shown smaligrose size in both iWAT and
eWAT in HF/HS+INE@d mice compared to HF/H&d mice indicating that indomethacin
attenuates dietinduced hypertrophy To evaluate if indomethacin couldevere the
hypertrophy in obese mice eWAT and iWAT tissue sections were colored with H&E and
examined in microscopeThe representative photographs from the histology analyses
showed no effecof indomethacinon adipocyte sizen eWAT(figure 3.11.Apr iIWAT(figure
3.11.B).

A. eWAT B. iWAT
RD RD
RD+INDO RD+INDO
HE/HS HF/HS
HF/HS+INDO HF/HS+INDO 100pm

Figure 3.11:Representative microscope pictures of adipose depot from mice with an average weigh in each diet group.
Stained whit H&E, from dissection of mice fed RD, RD+INDO, HF/HS and HF/HS+INDO. The magnification was/Aet at 400X.
eWAT B:IWAT.
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RESULTS

INDOMETHACIN DNDOT REDUCE THE HFYNBUCED GLUCOSE INTOLERANCE IN OBESE
MICE

Part 1of feeding experimentl, verified thatindomethacinwas unable to attenuate diet
induced glucose intolerance, althoughiF/HSinduced obesity was partly prevented. We
therefore asked ifndomethacin had any effect othe glucose tolerance iRDfed mice, or

mice already obese. Thug) Bp-GTT was performed after 7 weeks of feeding.

The AUCshowed that indomethacin had no effeoh glucose tolerance in obese HFHs
mice (igure 312.B). There was also no difference AUCbetween RD and RD+INBex
mice. No differencseenbetween HF/HSand HF/HS+IND{@d mice in fasted blood glucose
levels (figure 312.C) or blood glucoséevels15 minutesafter the glucose administration
(figure 312.D). The change in blood glucodevelsfrom fasted to 15 miates after the i.p-
injectionwere reduced irHF/HS+IND®@ed mice compared with HF/H&d mice(P=0, 0397)
(figure 312.6). Moreover, fasted blood glucosdevels were lower in RDfed mice than
RD+IND&@ed mice (B 0,0398)(figure3.12.C).

Indomethacin had no effect oreducing GSISduring the i.p-GTT. Plasma insullavelsin

fasted state (figure 3.2.F) and 15 minutes after thigp-injection (figure 312.G) indicated no
difference between the HF/HSand HF/HS+IND€@d mice. Additionally therewas no
differencebetween RBand RD+IND®@ed mice.
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RESULTS

Intraperitoneal glucose tolerance test
injection with glucose 2 mg/g body mass
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Figure 3.12 An i.p-GTTwas performed after 7 weeks on mice fed RD, RD+INDO, HF/HS and HF/HS+IMNDJ (le=mice

had fasted for 6 hours when the test started. The mice were givgrirgection with glucose (2mg/g body maésBlood
glucose during the i®TT, the blood glose levels wre measured beforeand 15, 30, 60 and 120 minutes aftiep-
injection. B: AUC.C: Blood glucose after 6 hours of fasting: Blood glucose levels 15 minutes after itinjection E:
Change in blood glucose from fasted to 15 min afterifpénjection.F: Plasma insulin after 6 hours of fasting: Plasma
insulin 15 minutes after thigp-injection.H: Glucose stimulated insulin secretion, the change in plasma insulin from fasted to
15 minutes after the.p-injection.All results are preseéed as mean + SEMbtatistical differences are denoted wittass; *

t )05.
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RESULTS
INDOMETHACIN DID NOT REVERSE HYIHECED INSULIN RESISTANGEUATEBY
HOMAIRINDEX

The calculated HOMR indexis presented in figure .33 the values were measured from
blood glucose and plasma insulin. The HOIRANndicates that indomethacin did nogverse

HF/HSinduced insulin resistance.
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Figure 3.13 HOMAIR score determined from fasting blood glucose and fasting plasma insulin dééueice fed RD,
RD+INDCKHIF/HS and HF/HS+INDR®sults are present as mean + SEM.

INSULIN SENSITIVITY IS NOT INFLUENCED BY INDOMETHARER NRRIN OBESE
HF/HSFED MICE

To verify that insulin sensitivity was unchangedhase micean ITTwas performed(figure
3.14). TheAUCshowed no significant differences between HFEISd HF/HS+IND€@d mice
in the ITT.Nor wasany difference betweeiRD and RD+IND@d miceobserved Together,
the HOMAIR andi.p-GTT indicatehat indomethacin @l not have aneffect on attenuating

HF/HSinduced insulin resistance.
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RESULTS

Insulin tolerance test
intraperitoneal injection with insulin 0,75 U /g body mass
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Figure 3.4: An ITTwas performed on mice fed RRD+INDOHF/HS and HF/HS+INDO after 8 week of feedingqn#%
measurement of blood glucose levels befarel 15 and 30 minutes after i.p injection with insulinAUC.Resultsare

present as mean + SEM.

EVALUATION OB-GTT AND ITT ON INJECTION DOSE BASED ON BODY MASS VS. LEAN
MASS

Ani.p-GTT was performedn the same subset of micgigure 3.15)Here the glucose and
insulin load injected were calculated based on lean bodyss. TheAUC verified that
indomethacin had no effect on glucose toleranceolbese HF/H$ed mice The AUCalso
confirms that there is no difference between RBnd RD+IND@d mice. Thisi.p-GTT
further verifies that indomethacin had no effect on blood glucose levels or insulin levels
HF/HSfed mice. The significant diffenee in changes in blood glucose from fasted to 15
minutes after thei.p-injection between the HF/HSand HF/HS+INDf@d mice was not
significanty different whenthe glucose load was injected based on lean massthermore,
the slight but significant difference in fasting blood glucdseels between RD and
RD+IND@ed micewere not observedwhen the ducose load was injected based on lean

mass.
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RESULTS

Intraperitoneal glucose tolerance test
injection with glucose 3 mg/g lean mass

=3 rp BEE rpD+INDO B3 HF/Hs HEEE HF/HS+INDO

Blood glucose during GTT

A
351
Areaunder curve
B
o 14007
»
°
S~ 12001
> = =
- & = 10001
o o
2 - o -
: 5 © 800
o
> = 6001
< o
£ -
E 400
200
0 T T T T T T T 1 0-
0 15 30 45 60 75 90 105 120
Time (min)
Blood glucose 15 minutes DBlood glucose fasted and
c Fasted blood glucose D after glucose injection E 15 minutes after glucose injection
109 351 251
— 30
8 o 201
«
@ o 257 o
o o °©
o 4 o 3 -
Rl S 2 207 g 18
> Z ° < T E
3 4 3T 157 o7 104
° o @
o Y 104 a
2 54
5 4
0- 0- 0
Plasma insulin 15 minutes D Plasma insulin fasted and
E Fasted blood glucose G after glucose injection H 15 minutes after glucose injection
2.01 2.01 1.0
c
o 1.59 o 1.5 =
H » 2
° o
S S s~
5z - 3 05
o ~1.01 o 1.0 o 0.5
< E < & 52
o o g
° ° o
@ oA5-| \ . ® 0.5 o | \
0.0 0.0 0.0

Figure 3.15An i.p-GTTwas performed after 7 weeks on mice fed RD, RD+INDO, HF/HS and HF/HS+INDOTfre=hice
had fasted for 6 hours when the test started. The mice were giréip-injection with glucose (2mg/g lean mags)Blood
glucose during the i®TT, the blood glucose levelereemeasured beforeand 15, 30, 60 and 120 minutes aftiep-
injection. B. AUC.C: Blood glucose after 6 hours of fastiig: Blood glucose levels 15 minutes after itginjection E:
Change in blood glucose from fasted to 15 min afterifpénjection.F: Plasma insulin after 6 hours of fasting: Plasma
insulin 15 minutes after thiep-injection.H: Glucose stimulated insnlsecretion, the change in plasma insulin from fasted to

15 minutes after thé.p-injection.All results are present as mean + SEM.
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RESULTS

The calculated HOMIR indexis presented in figure .26, the values were measured from
blood glucose and plasma insulin. The HOIRAverifies that indomethacin did not attenuate

HF/HSinduced insulin resistance.

HOMA-IR
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RD+INDO
HF/HS
HF/HS+INDO

(Hipq

HOMA-IR
mmol/L* mU/L

0.0

Figure 3.16: HOMAIR score determined from fasting blood glucose and fasting plasma insulin éévelee fed RD
RD+INDO, HF/H®dHF/HS+IND@Results are present as mean + SEM.

ITT- injection dose based on body mass vs. lean mass

An additional ITT was performed on the same subset of ffigere 3.17). Here insulin load
injected wascalculated based on lean body mas&JCverifies that therewasno significant
difference between HF/H&nd HF/HS+IND@d mice in theTT Nor wasthe AUCdifferent
between the RBand RD+IND@d mice The HOMAR index and the ITT confirm that

indomethacin did noteverseHF/HSinduced insulin resistance

Intra peritoneal insulin tolerance test
injection with insulin 1,00 U / g lean mass
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Figure 3.7: AnITTwas performed on mice the mice after 8 weeks of feeding-M#7 measurement of blood glucose

levels before and t&nd 30 minutes after.p-injection with insulirB: AUC Results are present as mean + SEM.
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RESULTS

INDOMETHACIN HAD NO EFFECT OF EXPRESSION OF GENES INVOLVED IN
GLUCONEOGENESIS

Increasedgluconeogenesiss often accompanied by increased hepatic glucose output.
Unpublished results from this group have shown that inclusion of indomethacim HF&HS
diet lead to increased expression Btkl This was accompanied with increased hepatic
glucose output, meased by a pruvate tolerance test. To investigate if indomethacin
increased expression ¢fcklin obese mice, and/or in Ried mice,RNA was purified from
the liver of these mice and expression levditermined with reattime qPCREXxpression
levels ofP&k1 and Glucose ghosphate(G6P were, however, similar in all groups of mice
(figure 3.18).

Expression of genes involved in gluconeogenesis
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Figure 3.B: Relative mMRNA expression of genes involved in gluconeogenesisin in RD, RD+INDO, HF/HS and HetHS+INDO
mice.A: PCK1B:GP6 Results are present as mean + SEM.

In conclusionindomethacin attenuated HF/HiB8duced obesity, but noglucose intolerance
in HF/HSed mice However, ndomethacinwas not able toreverse obesity or influence
glucosetolerancein already obeséiF/HSfed mice IncreasedGSISvas attenuatedin mice
fed HF/HS+INDO compared to HFi& mice however, the GSIS are not reduced in
alreadyobese HRAAS+IND&@ed mice. The HOMMR indicatedthat indomethacincould, at
least in part prevent HF/Hiduced insulin resistance, but not reverse it. Togethérs t
suggeststhat indomethacin attenuate the HF/HSnduced GSI&nd the HF/HS+IND®@ed

mice areby this reasoras glucose intolerant as theF/HSfed mice.
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RESULTS

3.3 EXPERIMENT 2

INDOMETHACIN DID NOT ACUTE REDUCE GSIS

Toinvestigate ifindomethacinhad an acute effect o&SISn HF/HSed mice, an.p-GTT was
performed The firsti.p-GTT (figure 39) was performed on REed mice after 1 week of
feeding. Half of the mice were given indometha¢t5 mg/ kgbody masyand the rest a

control solution galing gavageone hour beforghe i.p-GTT was performed.

RDfed mice given indomethacin had increased blood glucose levdlsing the i.p-GTT
compared to RDfed mice administrated the control solutions@ling (figure 3.19.D),
However,insulin levelswere not decreased compared to mice gividre saline solution.

Indomethacin had no acute effect in inhibiting GSIS isiéfDnice.

After the i.p-GTT all mice started on m HF/HSdiet. Anadditionali.p-GTT was performed
after 10 weeks oHF/HSfeeding. There was no differencebetween HF/HSfed mice given
indomethacinor saline beforethe i.p-GTT (figure 20). Thus,indomethacin had no acute

effectin inhibitingGSIS irither RD or HF/HSfed mice.
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RESULTS

Indomethacin injected orally gavage (2.5 mg/kg body mass) 1 hour before an
i.p-GTT on RD-fed mice

Blood glucose during GTT
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Figure 3.19:An i.p-GTT was performed on RE&d mice (n=10) after 1 week of feeding. Half of the mice received
indomethacin (2.5mg/kg body magssjected gavage and the rest a control solution (saline), 1 hour before -hmjdgtion
with glucose (2 mg/g body masgjhe mice had fasted in 6 when thettetarted A: Blood glucose during the +@TT B:
AUC C:Blood glucose after 6 hours of fastirg: Blood glucose levels 15 minutes after the gludogection. E: Plasma
insulin after 6 hours of fasting amdasma insulin 15 minutes after the glucose injectidlhresults are presented as mean +

SEM. Statistical differences are denoted withssf t XX ndnp ¢
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RESULTS

Indomethacin injected orally gavage (2.5 mg/kg body mass) 1 hour before an
i.p-GTT on HF/HS-fed mice
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Figure 3.19:An i.p-GTTwas performed on HF/H®d mice (n=10) after 1&eelks of feeding. Half of the mice received
indomethacin (2.5mg/kg body mass) injected gavage and the rest a control solution (saline), 1 hour befotejeatiop
with glucose (2 mg/g body mas§)he mice had fasted in 6 when the test starfedBlood glucee during the i.#5TT B:
AUC.C:Blood glucose after 6 hours of fastirg: Blood glucose levels 15 minutes after the gludogection. E: Plasma
insulin after 6 hours of fasting amdasma insulin 15 minutes after the glucose injectidihresults argresented as mean +

SEM. Statistical differences are denoted withssf t XX ndnp ¢
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RESULTS

3.4 EXPERIMENT 3

INDOMETHACIN ATTENUATED HRM®ICED GSIS AFTER 3 WEEKS OF FEEDING

Indomethacin had no acute inhibiting effeoh GSIS in either RD or HFid8 mice.The
finding that indomethacin did not have raacute effect in inhibiting GSI8nply that the
impaired GSI& an effect oindomethacinon the HF/HSnducedGSISTo investigate if the
inhibited GSIS in HF/HS+INDO fed mice is an early everdwafeeding experiment was
performed. Thirty C57BL/6 mi¢a=10)were fed RD, HF/HS and HF/HS+INDO angb-&ilr T

was performed once a week in a total of three weeks, and after 9 wefdieeding

Calculation ofAUCdemonstrated that compared with Rfed mice, the glucose tolerance
was not significantly reduced by the HF/HiSt before week3 (Figure 3.23.B. Surprisingly,
AUCshowed that HF/HS+INDBi®d mice more glucose intolerance than HHid& mice after
1 and 2 weeks of feeding (Erg@ 3.21.B and 3.2B) After 3 and 9 weeks of feedinglUCwas
comparablen HS/HSand HF/HS+IND€@d mice figure 3.23.B and 3.24.B).

Similarly, compared with Rf2d mice, blood glucose 15 minutes after injection was higher in
HF/HS+INDGed mice but HF/H$d miceafter 1 and 2 weekgfigure 3.21.D and 3.22.D).
After 3 and 9 weeks, blood glucose levels in HF/HS+iid®®ice and HF/HSfed was
comparable(figure 3.23.D and 3.24.D)ogether, this indicatethat HF/HS+IND@d mice

developed glucose intolerant befotéF/HSfed mice.

Compared with Ried mice, GSIS tended to increase in both HFA#®E HF/HS+IND{d
mice after 2 weeks of feedinffigure 3.22.G)However, after 3 and 9 week§&SIS was
significantly increased in HF/H&is was not seen itHF/HS+IND@ed mice(figure 3.23.G
and 3.24.G).
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RESULTS

Intraperitoneal glucose tolerance test after 1 week of feeding
injection with glucose 2 mg/g body mass
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Figure 321: An i.pGTTwas performed after Week on male C57BL/6 mice fed RD, HF/HS and HF/HS+INDO (n=10). The mice
had fasted in 6 when the test started. The mice were given anjéeption with glucose (2ng/g body mas} A: Blood

glucose during the GTT, the blood glucose levels were measured before the glucose injection and 15, 30, 60 and 120 minutes
after. B: AUCC: Blood glucose after 6 hours of fastifng: Blood glucose levels 15 minutes after the glucose inje&ion

Change in blood glucose from fasted to 15 utéis after the i.p-injection. F: Plasma insulin after 6 hours of fasting:

Plasma insulin 15 minutes after the-injection.H: Glucose stimulateinsulin secretion, the change in plasma insulin from

fasted to 15 minutes after thigp-injection.All results are presented as mean + SEM. Statistical differences are denoted with

stars;F t XK ndnpZ FF Ot ndamI FFF OtX ndnnanmI FFFF OtX ndannamoe
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RESULTS

Intraperitoneal glucose tolerance test after 2 week of feeding
injection with glucose 2 mg/g body mass
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Figure 322 An i.pGTTwas performed after 2veeks on male C57BL/6 mice fed RD, HF/HS and HF/HS+INDO (n=10). The
mice had fasted in 6 when the test started. The mice were given-arjdgiionwith glucose (2 mg/g body mgsA: Blood

glucose during the GTT, the blood glucose levels were measured before the glucose injection and 15, 30, 60 and 120 minutes
after. B: AUCC: Blood glucose after 6 hours of fastifng: Blood glucose levels 15 minutes after the glucose inje&ion

Change in blood glucose from fasted to 15 utéss after the i.p-injection. F: Plasma insulin after 6 hours of fasting:

Plasma insulin 15 minutes after the-injection.H: Glucose stimulatéinsulin secretion, the change in plasma insulin from

fasted to 15 minutes after thigp-injection. All results are presented as mean + SEidtistical differences are denoted with

stars;F 0.0 F F OtOXF F F 0.0
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RESULTS

Intraperitoneal glucose tolerance test after 3 week of feeding
injection with glucose 2 mg/g body mass
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Figure 323: An i.p-GTTwas performed after 3 weeks of feeding on male C57BL/6 mice fed RD, HF/HS and HF/HS+INDO
(n=10). The mice had fasted for 6 hours before testing. The mice were given injght@dhg glucose /g BW @: Blood

glucose levels were measured before and 15, 30, 60 and 120 minutes after the glucose ieétiea. under curve:

Blood glucose after 6 hours of fastirg: Blood glucose levels 15 minutes after the glucose inje&id@hange in blood
glucose from fasted to 15 min after the glucose injectlarRlasma insulin after 6 hours of fasting: Plasma insulin 15
minutes after the glucose injectioH: Glucose stimulated insulin secretion, the change in plasma insulirfdsted to 15

minutes after the glucose injectioAll results are presented as mean + SEMtistical differences are denoted wittass; *
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RESULTS

Intraperitoneal glucose tolerance test after 9 week of feeding
injection with glucose 2 mg/g body mass
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Figure 324: Ani.p-GTTwas performed after 9 weeks of feeding on male C57BL/6 mice fed RD, HF/HS and HF/HS+INDO
(n=10). The mice had fasted for 6 hours before testing. The micea.pingcted with 2mg glucose /dody massA: Blood

glucose levels were measured before and 15, 30, 60 and 120 minutes after the glucose ieétiea. under curve:

Blood glucose after 6 hours of fastirg: Blood glucose levels 15 minutes after the glucose inje&id@hange in blood
glucose from fasted to 15 min after the glucose injectlerPlasma insulin after 6 hours of fastin@: Plasma insulin 15
minutes after the glucose injectioH: Glucose stimulated insulin secretion, the change in plasma insulin dstedfto 15

minutes after the glucose injectioAll results are presented as mean + SEMtistical differences are denoted wittass; *
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RESULTS

INDOMETHACIN DID NOT ATTENUATE EEWMULATED INSULIN SECRETION

Measurements of plasma insulin levels 15 miuntes after i.p-injection with glucose
demonstrated that GSIS was attenuated when indomethacin was added to the {dietHS
after 3 weeks of feeding. When glucose is injedtpdblood glucose concentration is rapidly
elevated. Such abrupt and marked increase in blood glucose concentration does not occur
after intake of food and can be considered as #pdrysiological. Under physiological
conditions, such as after a meal, glucasencentration increase gradually and insulin is
secreted moreslowly. Thus, we wanted to investigate if indomethacin influenced insulin
secretion in responswith the respective dietsTherefore, thirty C57BL/6 mi¢a=10)were

fed RD, HF/HSand HF/HS+IDNOdiet for 10 weeks. AMTT was performed once a week for

3 weeks and after 10 weeks. An initial MTT was performed using the experimental diets at

onset of the experiment.

The RD contaed a high amount of carbohydrate$6 E%carbohydratey and thisled to
higher postprandial glucose concentrations than the HFdi¢® (49 26 carbohydratey,
despite smaller meal sizffigure 3.25.C and 3.26.(Blood glucose levels measured 15
minutesafter the mealAUCdemonstrated a similar response in HFd8d H-/HS+IND@ed

mice during the initial MTTfigure 3.25.B and 3.25.ERostprandial glucose responses
remained similar throughout the experiment, but the difference betweenf&Dmiceand

the HF/HS+INDGfed mice appeared to decreaseAfter 10 week therewere still no
difference between the HF/HSand HF/HS+IND@d mice and both were significantly
different from RDBfed mice in blood glucose after the mdg&gure 3.29.E)insulin levels were
measured at fasting state andeal stimulated insulin secretiofMSIS$ was measured after

15 mirutes. In keeping with the higher postprandial glucose levels induced by RD compared
with the HF/HSliets, MSIS was initially significantly higher when mice were fed the RD. A
similar tendency waseenafter 1, 2 and 3 and 1@eeks of feeding, but the difference
between RD and HF/HSHNDO was not statistically significant after 1 and 2 weeks of
feeding. After 3 weeks of deding this statistically difference occurredt no time, a
difference in MSIS between HF/H$d HS/HSHNDOfed micewas observedleading us to

the conclusion that indomethacin had no effect in attenuating MSIS in Hiéd $ice.
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Meal tolerance test (MTT) initial
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Figure 325: An MTTwas performedn male C57BL/@&mice(n=10)before onset of the experiment. All mice were fed arRD
1 week before the initial MTT. The mice had fasted in 16 holues the test startedThe mice eregiven 1 graméed of;
RD, HF/HS or HF/HS+INDO in a 20 minute péri@lood glucosdevelsduring the MTT, the blood glucosevels were
measured before # meal {20 min) and when theekd was taken away (0 min), 15, 30, 60 and 120 minutes dBtefrea
under curveC Meal size was calculated by theefl eaten subtracted from thee&d given.D: Blood glucose after 16 hours of
fasting.E:Blood glucose lel® 15 minutes after the medr: Change in blood glucosevelsfrom fasted to 15 mintesafter
the meal.G: Plasma insulin from 16 hours of fastirig: Plasma insulin levels 15 minutes after méaMeal stimulated
insulin secretion, the change in plasma insulin from fasted to 15 minutes after theAtieabults are presented as mean +

SEM Statistical differences are denoted wittass;F  0.0KF F OtOX F F 0.0 F F FO.0002
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Meal tolerance test (MTT) after 1 week of feeding

Blood glucose during MTT

RESULTS
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Figure 326: An MTTwas performedn male C57BL/Bmice(n=10)after 1 week of feedindglhe mice had fasted in 16 hours

when the test startedThe mice wregiven 1 graméded of, RD, HF/H®r HF/HS+INDO in a 20 minute perfodlood

glucosdevelsduring the MTT, the blood glucokvels weraneasured before the mealQ min) and when theebd was

taken away (0 min), 15, 30, 60 and 120 minutes aBeAUCC Meal size was calculated by tresfl eaten subtracted from

the feed given.D: Bloodglucose after 16 hours of fasting. E: Blood glucose levels 15 minutes after the meal. F: Change in
blood glucose levels from fasted to 15 minutes after the meal. G: Plasma insulin from 16 hours of fasting. H: Plasma insulin
levels 15 minutes aftethe meal.l: Meal stimulatednsulin secretion, the change in plasma insulin from fasted to 15

0.0% **

minutes after the mealAll results are presented as mean + SEMtistical differences are denoted wittass; f
t BOLF F F 0.Q0¥F F F FO.000X
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RESULTS

Meal tolerance test (MTT) after 2 weeks of feeding
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Figure 327: An MTTwas performedn male C57BL/@&mice(n=10)after 2 weeks of feedind-he mice had fasted in 16 hours

when the test started The mice wre given 1 gram ded of;, RD, HF/HSor HF/HS+INDO in a 20 minute periadBlood
glucoselevelsduring the MTT, the blood glucotevels weremeasured before the meal20 min) and when theetd was

taken away (0 min), 15, 30, 60 and 120 minutes aBeAUCC Meal size was calculated by thesfl eaten subtracted from

the feed given.D: Bloodglucose after 16 hours of fasting. E: Blood glucose levels 15 minutes after the meal. F: Change in
blood glucose levels from fasted to 15 minutes after the meal. G: Plasma insulin from 16 hours of fasting. H: Plasma insulin
levels 15 minutes aftethe meal I: Meal stimulatedinsulin secretion, the change in plasma insulin from fasted to 15

minutes after the mealAll results are presented as mean + SEMtistical differences are denoted wittass;F  0.0% **
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RESULTS

Meal tolerance test (MTT) 3 weeks of feeding
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Figure 328 An MTTwas performedn male C57BL/@&mice(n=10)after 3 weeks of feedind-he mice had fasted in 16 hours

when the test started The mice wre given 1 gram ded of, RD, HF/HSor HF/HS+INDO in a 20 minute periadBlood
glucoselevelsduring the MTT, the blood glucok®vels weremeasured before the meal20 min) and when theekd was

taken away (0 min), 15, 30, 60 and 120 minutes aeAUCC Meal size was calculated by tresfl eaten subtracted from

the feed given.D: Bloodglucose after 16 hours of fasting. E: Blood glucose levels 15 minutes after the meal. F: Change in
blood glucose levels from fasted to 15 minutes after the meal. G: Plasma insulin from 16 hours of fasting. H: Plasma insulin
levels 15 minutes aftethe meal I: Meal stimulatedinsulin secretion, the change in plasma insulin from fasted to 15

minutes after the mealAll results are presented as mean + SEMtistical differences are denoted wittess;F ~ 0.0%, **
t BOLF F F 0.Q0¥F F F FO.000X
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RESULTS

Meal tolerance test (MTT) after 10 weeks of feeding
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Figure 329: An MTTwas performedon male C57BL/MBmice (n=10)after 10 weeks of feedingThe mice had fasted in 16
hourswhen the test startedThe mice wregiven 1 gramded of; RD, HF/H®r HF/HS+INDO in a 20 minute perfodlood
glucoselevelsduring the MTT, the blood glucok®vels weremeasured before the meal20 min) and when theekd was

taken away (0 min), 15, 30, 60 and 120 minutes aBeAUCC Meal size was calculated by thesfl eaten subtracted from

the feed given.D: Bloodglucose after 16 hours of fasting. E: Blood glucose levels 15 minutes after the meal. F: Change in
blood glucose levels from fasted to 15 minutes after the meal. G: Plasma insulin from 16 hours of fasting. H: Plasma insulin
levels 15 minutes aftethe meal I: Meal stimulatedinsulin secretion, the change in plasma insulin from fasted to 15
minutes after the meal All results are presented as mean + SEMtistical differences are denoted witkass;F  0.08,
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RESULTS

INDOMETHACIN DID NOT INHIBIT GSIS IN ORAL GLUCOSE TOLERANCE TEST

Since GSIS was attenuated in HF/HS+H¢dOnice, whereas MSIS was unaffected, we
speculated if this was related to the fact that glucose was injec¢tedduring the GTT.
Therefore, after 8weeks of feeding an OGTT was performed on mice fed RD, HF/HS and
HF/HS+INDOThe blood glucosdevels werelower when glucose was injected orally
comparedto the i.p-GTT performed afte® weeks Thisfact that it takes some time for the
glucose to entethe bloodin the OGTTas it has to be transportettiroughthe lumen before

it enters the blood.lt appears that the Riled mice became as glucose intolerant as the
HF/HS and HF/HS+IND{@d mice after 9 weeks of feedin§gure 3.16. This OGTVerifies

that HF/HS+IND@d mice had lower fasting plasma insutimmparedto HF/HSfed mice. 15
minutes after theadministration of glucose, the GSIS wast significantly attenuated in

HF/HS+IND@ed mice.
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RESULTS

Oral glucose tolerance test (OGTT) after 8 week of feeding
gavage injection with 2 mg/g body mass

A Blood glucose during OGTT
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Figure 330: AnOGTwas performedafter 8 weekon male C57BL/&mice(n=10)fed RDHF/HS and HF/HS+INDMe mice
had fasted for 6 hours when the test startéithe glucosavas injected orally(2 mg/g body massA: Blood glucoséevels
during the OGTT, the blood glucose leveésenmeasured beforeand 15, 30, 60 and 120 minutes afteral glucose
injection.B: Area under curv€:Blood glucosdevelsafter 6 hours of fastingD: Blood glucose levels 15 minuteseafthe
oral glucosenjection.E:Change in blood glucose from fasted to 15utésafter the oral glucosenjection.F: Plasma insulin
levelsafter 6 hours of fastingG: Plasma insulin 15 minutes after tloeal glucoseinjection H: Glucose stimulated insulin
secretion, the change in plasma insulin from fasted to 15 minutes aften#thiglucosenjection All results are presented as

mean + SEMStatistical differences are denoted wittass;F 0.0, F f 0t02K
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DISCUSSION

4.0 DISCUSSION

The aim of this study was to investigate the mechanism(syvbigh COXinhibition with
indomethacin attenuates DIO in miéed an HF/H&diet and investigate if indomethacin was
able to reverse obesity in mice fed a HHEH&. Furthermore, we aimed to explorhe
mechanismhow glucose tolerance wasnpairedin lean and insulin sensitive HF/HS+INDO
fed mice. We examined if the effect of indomethaaim GSIS was an acute effect or if
indomethacin specifically inhibits thempensatory insulin secretion induced by HF/HS
diet. Finally, we explored the possibilifyindomethacin could attenuate insulin secretion in

responseo a physiological conditigrsuch asa meal

4.1 INDOMETHACIN ATTENUATED HINBBSED OBESITY, BUDNOT REVERSE

This study confirmed that indomethacin attenuat€dOin HF/HS fed mice. €hlifference
between HF/HS+INDO and HF1d48 mice could not be explained lyfferences in energy
intake. HoweverHF/HS+INDO fed mice had a clear reduction in feed efficammparedto
HF/HSfed mice. Indomethacin has been reported to decrease bile acid secretion, which may
reduce fat absorption(Dikopoulos, Schmid et al. 2007However, a previous study
performed in our group has calculated the fat digestibility by measuring the amount of
consumed fat and totalat content in feces, showing that indomethacin treatment did not
cause a decrease in fat absorption. Thus, neither redufmst intake nor reduced
digestibility could explain the attenuated DIO in HF/HS+H{H#2Onice. There is currently no
obvious data tlat can be used to explain where the energy disappears. Thus, further
investigations are required to understand the mechanism by which indomethacin attenuates
DIO.

The finding that indomethacin was not able to reverse DIO in Hig#i$nice or reduce
adipcse tissue mass in RBd mice, might give a clue towards further investigations.
However, one cannot exclude the possibility that the C57BL/6J strain is resistant towards
weight loss. Still, an earlier study shows that obese C57BL/6J higd Hifice thatwere
switched to a lowfat diet, reversed their obesity and diabetes complet@harekh, Petro et

al. 1998. Adiposity, fasting blood glucose and insulin values in thdeHFmice were
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