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Abstract

Conjugated linoleic acids (CLA) are dietary fatty acids commonly found in dairy and
ruminant meats. CLA is found to be beneficial in treating the metabolic syndrome (MetS) and
its major complication, type 2 diabetes mellitus. CLA is thought to exert its beneficial effect
through activation of peroxisome proliferator activated receptors (PPAR) activity. Thus, CLA
may be beneficial alone or in combination with current medications where it reduces side
effect of conventional insulin sensitisers, such as rosiglitazone. The study was carried out via
in vitro and in vivo approaches. For the in vitro study, the effects of CLA isomers and its
combination with rosiglitazone on glucose production of HepG2 and HA4IIE and
gluconeogenic gene expression of HepG2 cells were examined. It was found that ¢9,t11-CLA
isomer reduced glucose production in HepG2 and H4I1IE cells compared to untreated control
(p < 0.005), while, t10,c12-CLA had the opposite effect of increasing glucose production.
c9,t11-CLA did not affect the ability of rosiglitazone in directly reducing glucose production.
Reduction of glucose production by fenofibrate was not affected by either CLA isomer. c9,
t11-CLA was found to decrease PEPCK expression in HepG2 cells (p < 0.05). The in vivo
segment of the study was performed with ApoE null mice (n=29) fed Western diet for 20
weeks, divided into 5 groups, to examine the effect of 3 mg/day 1:1 mixture of ¢9,t11 and
t10,c12 isomers of CLA on lipoprotein metabolism and insulin, leptin and adiponectin. The
administration of 1:1 CLA isomeric mixture did not alleviate dyslipidemia caused by Western
diet; instead simultaneous administration of CLA and rosiglitazone exacerbated dyslipidemia
in ApoE null mice, particularly total plasma cholesterol (p < 0.001) and plasma LDL (p <
0.0001) compared with normal mice fed normal diet. While glucose, insulin and adiponectin
level remain unchanged across groups, early administration of CLA irrespective of
rosiglitazone led to reduction of leptin compared with mice fed only Western diet. It can be

concluded that while c9,t11-CLA may exert benefits in MetS on the liver in vitro, the
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administration of CLA isomeric mixture with rosiglitazone exacerbates dyslipidemia in vivo
that may be caused by t10,c12 isomer and thus, unable to ameliorate side effects of

rosiglitazone.
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CHAPTER 1

1.0 Introduction

Metabolic syndrome (MetS) is a cluster of disorders of energy consumption, storage and
utilization that either individually or together raises the risk for chronic diseases including
type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD). The precise definition of
MetS varies according to the criteria set by governing bodies such as World Health
Organization (WHO), International Diabetes Federation (IDF) and National Cholesterol
Education Program-Adult Treatment Panel 111 (NCEP ATP Ill). Despite variations, common
diagnostic criteria of MetS include obesity, insulin resistance, hyperglycemia, dyslipidemia

and hypertension®.

The prevalence of MetS is at approximately 25% of the world’s population, estimated by
IDF!. MetS prevalence in US hovers around one fifth of the population®3. Moreover,
metabolic syndrome was found to have a higher prevalence among US populations with
Asian ancestry*. The proportion of body fat distribution in Asians differs from that of
Caucasians and corresponds to higher adiposity despite having identical body mass indices
with Caucasians®. Hence, MetS definition set by NCEP ATP IlI, IDF and WHO may be more
applicable for Caucasians and less for Asians. Accounting for differences in body
composition, separate criteria had been applied for the Asian definition of MetS. The Asian
definition of obesity is modified to be BMI > 25 kg/m? as opposed to BMI > 30 kg/m?
defined by WHQS®. The ECEP ATP Il definition was modified to apply for Asian populations,
which the waist circumference >90 cm apply for men and >80 cm for women’. In countries
such as South Korea, China, Hong Kong, Singapore and the Philippines, the prevalence of
MetS range from 10% to 20% according to the Caucasian definition, and 20% to 30%

according to the Asian definition®.
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In the Malaysian context, MetS has a surprisingly high prevalence in the population
compared to worldwide and Asian prevalence, also being the highest in South East Asia
above Indonesia®. Prevalence of MetS among Malaysians is close to 30% according to
definitions set by NCEP-ATP Il and IDF. Alarmingly, overall prevalence comes to a
whopping rate of 43.4% using the new definition set by Joint Interim Statement for a

harmonized definition of MetS°®.

Individuals with MetS are at high risk of developing T2DM (odds ratio: 5 to 8 in a 4 year
follow up period)°. Diabetes is projected to affect approximately 400 — 600 million people
worldwide by year 2030 with the most disease burden coming from poor and developing
countries'>*2, Although MetS is characterized by the presence of risk factors such as obesity,
dyslipidemia, hyperglycemia, hyperinsulinemia and insulin resistance, many of these risk

factors are asymptomatic and it can take years to actually develop frank diabetes.

Based on the projection that the world population is going to be approximately 8.2 billion by
year 2030%3, MetS is predicted to affect 2 — 3 billion people worldwide, while diabetes will be
affecting approximately 5 to 7% of the world’s population by that year. Besides that,
morbidity of MetS increases healthcare cost proportional to the number of components
present in MetS, such as hyperglycemia, hypertension, low HDL, high triglycerides and
increased waist circumference!*!®. In average, cost increases by 24% for each risk factor
present; furthermore healthcare cost doubles for patients with diabetes compared to
prediabetics!*. The syndrome is expected to present a major economic burden especially in

lower income countries.

Given that MetS has reached epidemic proportion and its complications has led to increase in
T2DM, CVD and all-cause mortality, a good understanding of the disease process is essential

to combat MetS and its complications. In order to get a closer picture about the current
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understanding of MetS pathogenesis and the hypothesis of this study, it is better to discuss
some essential information about insulin and its resistance as well as metabolism of

lipoproteins.
1.1 Insulin

The human body utilizes glucose and lipids as main sources of energy. Glucose and lipids
undergo processes such as glycolysis, citric acid cycle and oxidative phosphorylation to

ultimately yield adenosine triphosphate (ATP).

In humans, excess energy obtained after a meal is stored to meet energetic needs during
periods of fasting. Excess glucose is stored in two forms namely; glycogen in the liver® and
fatty acids stored as triglycerides in adipose tissues’. A homeostatic mechanism must exist to
ensure perpetual availability and efficient utilization of fuels during periods of satiety and
fasting®®. Energy homeostasis is regulated by hormones, which are chemical messengers that
circulate in the blood. There are a number of hormones that governs energy homeostasis, but

only insulin will be further discussed for the purpose of this study.

Insulin is a peptide hormone secreted by B cells in islets of Langerhans found in pancreas. It
is secreted in response to increased glucose availability in the bloodstream detected by 3
cells!®. Briefly, increased B cells utilisation of glucose via glycolysis and oxidative
phosphorylation leads to increase in ATP/ADP ratio. Increased ATP concentration leads to
closure of ATP sensitive potassium channel and increase in intracellular potassium. The
depolarization of  cell triggers opening of voltage gated calcium channel and the presence of

calcium leads to release of insulin by exocytosis®®.

On target tissues, insulin binds to insulin receptors, the binding triggers trans-

autophosporylation of tyrosine kinase domain of the receptors, leading to activation of
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downstream signal transduction pathways that involves insulin receptor substrates (IRS),
phosphatitylinositol-3-kinase (P13K), Protein kinase B (Akt) and extracellular signal

regulated kinases (ERK)®2°,

1.2 Insulin action in “classically” insulin sensitive organs

Insulin is an important hormone for regulating glucose and lipid metabolism, primarily in

liver, adipose tissues and skeletal muscle (Figure 1.1).
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Figure 1.1: The action of insulin in insulin sensitive tissues: liver, adipose tissues and
skeletal muscles. Insulin is secreted from the pancreas and act in adipose tissue to promote
triacylglycerol uptake and storage; in the skeletal muscle to promote glucose uptake and
fatty acid oxidation. In the liver, insulin promotes storage of glucose in the form of
glycogen. (taken from Lehninger Principles of Biochemistry, 6 edition, page 952.)
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1.2.1 Insulin sensitive organ: Liver

Insulin increases glucose uptake in the liver by upregulating liver glucokinase?*%?, an enzyme
responsible for initiating glucose into the metabolic pathway. Insulin expands glycogen stores
through stimulation of glycogen synthesis by activation of a rate-limiting enzyme; glycogen
synthase and inhibition of glycogen breakdown by deactivation of glycogen phosphorylase in
hepatocytes. Moreover, insulin inhibit hepatic gluconeogenesis?. Akt activated as a result of
insulin binding phosphorylates glycogen synthase kinase 3 (GSK3), leading to GSK3
inactivation. Furthermore, recruitment of Protein Phosphatase 1 (PP1) downstream of PI3K
leads to dephosphorylation of the inhibitory phosphate on glycogen synthase and activating
phosphate on glycogen phosphorylase, leading to the net outcome of glycogen synthesis?®23,
The inhibition of gluconeogenesis is mediated through Akt phosphorylation of transcription
factor FoxO1. Phosphorylation of FoxO1 sequesters itself in the cytoplasm and decreases
expression of two enzymes required for bypass reaction in glucose production:

phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-phosphatase (G6P)?.
1.2.2 Insulin sensitive organ: Adipose tissues

Adipose tissue is an important organ in mediating insulin sensitivity. Excess energy is
converted from glucose and fatty acids into triglycerides. Apart from storing excess energy in
the form of fats, adipose tissues garnered attention as an endocrine organ that secretes
hormones important in mediating insulin sensitivity and inflammation?>2%. In adipose tissues,
insulin leads to increased glucose and fatty acid uptake and storage (shown in Figure 1.1),
and decreased breakdown of triglycerides. The net effect is decreased level of circulating
plasma free fatty acids (FFA). The increased glucose uptake in adipose tissue is dependent on
the insulin responsive glucose transporter, GLUT4, where translocation of GLUT4 to the

plasma membrane leads to increased glucose flux into adipocytes'®. Insulin is known to
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stimulate lipogenesis and suppress lipolysis by inhibiting transcriptional activity of SREBP-

1c and FoxO1 via protein kinase S6K and Akt, respectively®2,
1.2.3 Skeletal muscle

The skeletal muscle accounts for 60 — 70% of insulin stimulated glucose uptake, and thus
represents a major glucose sink and regulator of energy balance. In skeletal muscles, the
effects of insulin include increase in glucose and free fatty acid uptake (shown in Figure 1.1),
glycogen synthesis and fatty acid oxidation'®. The increase in glucose and free fatty acid
uptake is achieved by increase in glucose flux via GLUT4 translocation and activation of key
enzymes involved in glucose and fatty acid oxidation®®. Under normal circumstances, insulin
does not stimulate lipid storage in skeletal muscles. Under conditions of insulin resistance in

T2DM, the skeletal muscle is a primarily affected organ.
1.3 Lipoprotein metabolism

As dyslipidemia is a hallmark of MetS?, it is imperative to have an understanding of
cholesterol and lipoprotein metabolism (Figure 1.2). Dietary cholesterol and triglycerides are
insoluble in the aqueous environment of the blood plasma; thus they are carried in lipoprotein
particles. The liver and adipose tissue are two principal organs involved in the metabolism of
lipoproteins. It is well known that excessive low density lipoproteins (LDL) predisposes to

high risk of atherosclerosis whereas high density lipoproteins (HDL) lowers it.

Dietary lipids including cholesterol, triglycerides and fatty acids are distributed throughout
the body via cholesterol transport pathways as depicted in Figure 1.2. From the intestines,
dietary lipids enter the circulation in lipoprotein particles of the lowest density called

chylomicrons. After much triglyceride (in chylomicrons) are taken up by peripheral tissues,
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the liver takes up the remaining contents, known as chylomicron remnants, where free and

esterified cholesterol are stored. This is the exogenous pathway of cholesterol transport.
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Figure 1.2: Cholesterol transport pathway from the liver and peripheral tissues.
Cholesterol and other dietary lipids circulate through the body via enterohepatic
pathway involving bile salts and the gallbladder; dietary intake of lipids via exogenous
pathway; circulation of vLDL and LDL in the endogenous pathway; and the reverse
transport pathway mediated by HDL. ( taken from Lehninger Principles of
Biochemistry, 6" edition, page 867). The reader is advised to refer to the main text in
the source for details on the pathways and organs denoted by the numbers.
Abbreviations: C: cholesterol; CE: cholesteryl ester; FFA: free fatty acids; HDL: high
density lipoproteins; IDL: intermediate density lipoproteins; LDL: low density
lipoproteins; vLDL: very low density lipoproteins.

Cholesterol can be distributed in very low density lipoproteins (vLDL) to the peripheral
tissues, from the liver. Uptake of triglycerides from vLDL converts them into low density

lipoproteins (LDL) that principally contain cholesterol and cholesteryl esters. Cholesterol and
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its esters can be taken up by macrophages (which are transformed into foam cells) or taken up
by the liver in an endocytic process that involves LDL receptors (LDLr). This is called the

endogenous pathway of cholesterol transport.

The reverse cholesterol transport has been reviewed?®. It is carried out by high density
lipoproteins (HDL) originated from the liver. The primary protein component in HDL is
ApoAl. HDL is secreted from the liver or intestine as discoidal HDL, also known as pre-§
HDL. Discoidal HDL picks up free cholesterol from peripheral cells, including foam cells,
and converted into mature HDL particles after esterification of cholesterol. ApoAl is able to
activate lecithin:cholesterol acyltransferase (LCAT) to esterify free cholesterol to cholesteryl
esters. The function of LCAT is critical in HDL metabolism?®. Cholesterol contained in HDL
can be transferred to LDL particles via cholesteryl ester transfer protein (CETP) or the liver
mediated by hepatic lipase (HL). Cholesterol can be excreted in feces as free cholesterol or
bile salts. Increasing evidences pointed that the rate of reverse cholesterol transport does not
depend on the overall concentration of HDL but rather on the presence of specific HDL

subpopulations, and this is involved in the disease process of diabetes.

Besides the role in reducing cardiovascular risk, HDL is suggested to be beneficial in
glycemic control although results are preliminary®. ApoE containing LDL and vLDL are

able to pick up cholesterol from foam cells to bring cholesterol back into the circulation.
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1.4 Insulin resistance

Metabolic syndrome (MetS) has a variety of causes, the major being dietary and minor causes
range from genetic, drugs and hormone factors®. A hallmark of MetS is insulin resistance,
defined as the “inability of a known quantity of exogenous and endogenous insulin to
increase glucose uptake®L. Insulin resistance is characterised by elevated blood glucose

despite normal or augmented insulin secretion.

As mentioned earlier, excess energy obtained in the diet is stored as glycogen and
triglycerides, in the liver and adipose tissue respectively. In the context of saturated glycogen
stores, excess energy is stored as lipids via de novo lipogenesis in the liver, and adipose tissue
to a lesser extent®2. Hepatic and muscular insulin resistance ensues as an adaptive mechanism
to protect against lipotoxicity in the organs®. Further to that, excess energy is redirected to

the adipose tissues.

The increase in lipid store leads to either increase in adipocyte number (hyperplasia) or
adipocyte size (hypertrophy). Hypertrophy of adipose tissue leads to necrotic death of
adipocytes and secretion of pro-inflammatory cytokines, such as monocyte chemoattractant
protein-1 (MCP-1)34. Macrophage comprises less than 10% of total cells in healthy adipose
tissues, but can rise up to 50% in the inflammatory state®®. Secretion of proinflammatory
cytokines including tumour necrosis factor a (TNFa) and interleukin 6 (IL-6) interferes with
insulin signal transduction pathway in adipocytes, leading to adipose insulin resistance.
Adipose tissue inflammation is known to be dependent on nuclear factor kappa B (NF-«B)
and c-Jun N-terminal kinase (JNK), as suppression of these pathways restores insulin

sensitivity36-38,

The insulin resistant state leads to breakdown of triglycerides (lipolysis) stored in adipose

tissues, and release of fatty acids in the circulation. Increased concentration of plasma free
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fatty acids leads to ectopic deposition of fats in liver and skeletal muscle, further exacerbating
insulin resistance in these organs and their failure to increase glucose uptake in response to
insulin. Ectopic fat deposition in the liver occurs through de novo lipogenesis®, and known
as fatty liver or hepatic steatosis. The insulin resistant liver is glycogenolytic and

gluconeogenic.

Inflammation and insulin resistance culminates in a vicious positive feedback loop. Over time,
insulin resistance in classically insulin sensitive tissues causes elevated blood glucose, a
condition known as hyperglycemia*. The pancreatic B cells attempt to compensate for insulin
resistance by secreting more insulin into the bloodstream (hyperinsulinemia), culminating in
the insulin independent stage of T2DM and also inflammation of the islets*’. Over time, the
chronic inflammation leads to decreased functioning f cell mass and subsequently, the insulin

dependent stage of diabetes.
1.5 Current therapeutic options for diabetes according to drug classes

Diet and lifestyle changes for patients affected with MetS and T2DM are essential steps in
patient management. Although diet and lifestyle changes may be as efficacious as
medications to maintain normal physiological parameters, many patients struggle with
compliance*. Furthermore, there is a need for social support for lifetime commitment to

altered lifestyle*3,

In addition to diet and lifestyle changes, patients are often prescribed medications to manage
T2DM. Based on the knowledge of perturbed processes in T2DM, namely reduced insulin
secretion, enhanced gluconeogenesis and insulin resistance, several classes of drugs have

been developed.
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1.5.1 Biguanides

Metformin, a member of biguanides, exerts its antidiabetic effect mainly through interfering
with hepatic gluconeogenesis. It acts by transiently inhibiting mitochondrial complex 1 and
leads to the accumulation of adenosine monophosphate (AMP). The increased intracellular
concentration of AMP leads to activation of AMP activated protein kinase (AMPK) and
inhibition of adenylate cyclase. Active AMPK augments insulin signaling by phosphorylation
of insulin receptor and IRS-2. On the other hand, inhibition of adenylate cyclase leads to
lowered production of cyclic AMP and reduced Protein Kinase A activity. The reduced
phosphorylation of phosphofructokinase/fructose-2,6-bisphophatase “bisfunctional enzyme”
leads to activation of phosphofructokinase activity and subsequently increased glycolytic flux.
Overall, metformin brings about increased hepatic insulin sensitivity and reduced

gluconeogenesis*.
1.5.2 Sulfonylureas and meglitinides

Drugs belonging to the classes of sulfonylureas and meglitinides act by increasing insulin
secretion from pancreatic 3 cells through modulation of ATP sensitive potassium channels on
those cells. These drugs lead to closure of ATP sensitive potassium channels on the B cells
and insulin release®, similar to the process described under “Energy Homeostasis”. A notable

side effect of sulfonylureas is hypoglycemia?®.
1.5.3 Thiazolidinediones

A novel class of anti-diabetic drugs, known as thiazolidinediones (or glitazones) act as insulin
sensitisers to make target tissues more responsive to insulin®’. They will be discussed in

detail in the section below, and form the focal point of this study. Generally, they bind to
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targets known as peroxisome proliferator activated receptors gamma (PPARy) to elicit

transcriptional cascades in target tissues*.

1.6 Peroxisome proliferator activated receptors (PPARS)

The peroxisome proliferator activated receptors (PPARs) are a family of evolutionarily
related nuclear receptors involved in the regulation of lipid and glucose metabolism in major

metabolic organs (Figure 1.3).

Liver Adipose tissue
Fat synthesis Fat synthesis
Fatty acid oxidation  and storage and storage Fatty acid oxidation
Starvation response Adipokine production Thermogenesis
PPAR« PPARYy PPARS
Fatty acid oxidation Insulin Fatty acid oxidation
sensitivity

Thermogenesis
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Figure 1.3: Metabolic functions of PPAR isotypes in insulin sensitive tissues,

liver, skeletal muscle and adipose tissue. Figure taken from Lehninger Principles
of Biochemistry, 6" edition, page 967.

Three isotypes of PPARs have been identified, namely PPARa, PPARB/S and PPARy. All
PPAR isotypes are structurally related as revealed in a structural study by Cronet and

colleagues in 2001*° (Figure 1.4).
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\ Figure 1.4: Superposition of

: ligand binding domain (LBD) of

human PPAR isotypes, PPARa

(red), PPARP/S (yellow) and

PPARy (blue). Only the Ca trace

is shown. The ligand, AZ 242, is

shown in green. Note the

structural ~ similarity  between

2P PPAR isotypes. Adopted from
e Cronet et al., 2001%.

As nuclear receptors, PPARs contain domains common to members of the superfamily®%°1,
The domains of PPARs, from N to C-terminal, are the autonomous activation function (AF1)
domain; the DNA binding domain; the hinge domain; and the ligand binding domain (LBD)
that encompasses the ligand dependent activation function domain (AF2). The AF1 and LBD
domains are particularly important, where the former interacts with transcriptional co-

activator proteins and LBD contains the ligand binding pocket®".

For the purpose of this study, only PPARa and PPARy will be considered. Ligand bound
PPARs form obligate heterodimers with the retinoid X receptor (RXR) and binds to PPAR
response element (PPARE) to promote transcription or repression of target genes (illustrated
in Figure 1.5). Activation of either receptor is sufficient to promote transcription of PPAR

responsive genes. Presence of ligands for both receptors showed synergistic response®?.

The ligand binding pocket of PPARa and PPARy is a large T shaped cavity*®*>3. The large
binding pocket in comparison to other nuclear receptors may explain their ability to bind to a
wide variety of ligands®~>’, ranging from physiological, pharmacological, nutritional, natural

product and xenobiotic ligands. Although ligands belonging to the same drug family may
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activate a common PPAR isotype, distinct ligand-receptor complexes have unique
conformations that give rise to unique transcriptional profiles and biological response, as
evidenced by comparative studies between rosiglitazone, pioglitazone and troglitazone
binding®*°. A detailed structural study of PPARYy confirmed that distinct ligands vary in their

occupancy of the binding pocket, giving minor structural variation of the activated receptor®’.
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that regulates transcription in
response to PPAR ligand L)

Figure 1.5: Mechanism of activation of PPAR. Figure taken from
Lehninger Principles of Biochemistry 6™ edition, page 966.

PPARy is primarily expressed in adipogenic tissues. Alternative splicing of the PPARy
mRNA give rise to two isoforms, PPARy1 and PPARY2. Expression of PPARY1 is ubiquitous,
while PPARY2 is highly expressed in adipocytes®’. PPARY is required for the differentiation
of preadipocytes into mature adipocytes®2%® and the maintenance of mature adipocytes®, It
is the receptor for thiazolidinediones, commonly referred as glitazones, which are

administered as anti-diabetics. Expression of PPARY in the adipose tissue®%®, liver®” and
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skeletal muscle®® has been shown to be important in mediating insulin sensitivity and the

efficacy of glitazones.

PPARa is primarily distributed in metabolically active tissues, namely liver and skeletal
muscle. It is the receptor for a class of hypolipidemic drugs named fibrates. Physiologically,
PPARu is activated in response to fasting and is required for ketogenesis®*"°. Activation of
PPARa promotes fatty acid uptake and utilization, hence explaining the hypolipidemic effect
of its ligands®. Additional benefits of PPARa activation include the upregulation of
circulating HDL in humans’®" and improvement of insulin sensitivity’"4. It must be noted
that several species specific differences in PPARa biology have been documented, especially
between humans and rodents. Most notably, human express 90% less PPARa compared to
rodents and PPARa induction leads to liver enlargement and hepatocyte proliferation in
rodents, but not in humans™. Hence, these differences must be taken into account when

interpreting the PPARa literature.
1.7 Rosiglitazone

Rosiglitazone is a member of the thiazolidinedione (glitazone) family of drugs used as anti-
diabetics. As a specific agonist of PPARY’®, rosiglitazone improves insulin sensitivity by

promoting adipogenesis and hyperplastic expansion of adipose tissue.

Despite strong potency and efficacy, long term administration of rosiglitazone led to increase
in heart attacks, according to meta-analyses conducted by Nissen and Wolski’""8,
Transcriptional profiling of the heart treated with rosiglitazone suggested dysregulation of
electrophysiology and atherosclerotic plague rupture as causes for cardiovascular

complications’®.
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Marketing of rosiglitazone changed frequently due to conflicting reports on its side effects.
Major concerns of cardiovascular safety have led to withdrawal of rosiglitazone in UK, India,
New Zealand and South Africa. The US Food and Drug Administration imposed sale
restriction from November 2011 to November 2013. Currently, rosiglitazone remains freely

available in the US after marketing restrictions were lifted®°.

Besides cardiovascular concerns, numerous side effects were documented among members of
glitazones, including congestive heart failure, weight gain, fluid retention, bone fractures and
oedema®!. Rosiglitazone was also found to increase plasma triglycerides and LDL®®82, The
improvement of insulin sensitivity by rosiglitazone is mainly exerted through adipose tissues,
due to high level of PPARY expression, coupled with full agonism of PPARYy. It came to no
surprise that rosiglitazone has been classified as an obesogen since it promotes weight gain

by expanding the fat store®3,

Despite the availability of several classes of drugs to manage T2DM, many problems remain
with pharmacotherapy. Severity of problems is proportional to the number of concomitant
medications®8, It was found that concomitant drugs actually led to poor glycemic control
and as many as one fourth of patients with diabetes presented contraindications for their
medication®4. The prime reason for change of medication was insufficient glycemic control or

adverse effects®.

The limitations of lifestyle change and medication warrants the consideration of nutritional
intervention to prevent the onset of T2DM. Otherwise, nutritional intervention can
supplement regimens of lifestyle change and medication. Conjugated linoleic acid (CLA) can
potentially serve as a safe substitute. Interestingly, CLA was found to share molecular targets

with hypolipidemic and insulin sensitising drugs.

29



1.8 Conjugated linoleic acid

Conjugated linoleic acids (CLA) refer to positional and geometric isomers of linoleic acids
(C18:2) containing conjugated double bonds (Figure 1.6). There are 28 possible isomers of
conjugated linoleic acids®, of which the cis-9, trans-11 isomer is the most abundant in nature
and accounts for 90% of dietary CLA®%, The trans-7, cis-9 (t7,c9) is the second most
abundant naturally occurring isomer®°! typically constitutes 8-13% of total CLA. There has

not been much interest in the t7,c9 isomer due to difficulty obtaining it in sufficient quantity.

12 9

/\/\/:\\/q/\\/\/\/ COOH

linoleic acid (18:2 n-6)
11 9
H\J/ﬂﬁffW\4/131/::“M¢/“\//\\//\R;/COOH

cis-9, trans-11 CLA

- COOH
MW

trans-10, cis-12 CLA

Figure 1.6: Chemical structure of conjugated linoleic acid.
Linoleic acid (C18:2) is included for comparison. Figure taken
from Evans et al., 2002.

Dietary intake of total conjugated linoleic acid is estimated to be 150 — 200 mg daily and
c9,t11-CLA, 140 — 190 mg per day®. The health benefits of CLA were discovered accidently
and quite unexpectedly when Michael Pariza and colleagues were investigating cancer
causing properties of grilled beef®. To their surprise, fatty acids in grilled beef actually
inhibited carcinogenesis. An explosion of interest in CLA soon followed to characterise the
health benefits of CLA. To date, several reviews have been dedicated to highlighting the
health benefits of conjugated linoleic acids in obesity, diabetes, cancer, atherosclerosis and

immunity®%-90:93,
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Natural sources of CLA can be found in meat and butter derived from grass fed ruminants
which the ¢9,t11 isomer is the most abundant®. In ruminants, the highest concentration of
total CLA has been found in lamb, followed by beef, noting that most studies considered the
c9,t11 isomer only®®. CLA is also present at low levels in meat of monogastric animals®. The
level of CLA is strongly influenced by diet which such a case has been shown for cow milk®.
CLA can be biosynthesised by microorganisms in rumen, but the bulk of CLA found in meat
actually derived from endogeneous A9-desaturation of trans-vaccenic acid to c9,t11-CLA.
The availability of trans-vaccenic acid, the precursor of CLA, comes from biohydrogenation

by rumen microorganisms®.

CLA can be prepared commercially by heating linoleic acid or sunflower and safflower oils
under alkaline conditions. This preparation often results in roughly 1:1 ratio of ¢9,t11 and
t10,c12 isomers, with the minor presence of other CLA isomers and other fatty acids®”8%%,
Many studies of CLA actually consider a mixture of c9,t11 and t10,c12 isomers due to its
widespread commercial availability whereas pure isomers are rarely considered due to high
cost and scarcity®®®°. It is known that both ¢9,t11 and t10,c12 isomers possess biological

activity.

The biological effect of CLA is isomer dependent®®. In most studies involving animals,
€9,t11 isomer is associated with beneficial effects in ameliorating diabetic complications such
as decreasing white adipose inflammation®, reducing hepatic steatosis®® and raising plasma
HDL®, On the other hand, t10,c12-CLA is associated with detrimental effects namely
insulin resistance®>192 white adipose inflammation!®, hepatic steatosis!?104-1% and
lipoatrophy10%:196.107 = A stydy to profile blood lipids in healthy volunteers showed that t10,

c12-CLA increases plasma LDL8,
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Both ¢9,t11 and t10,c12-CLA were reported to be ligand for all PPAR isotypes and binds at
lower affinity compared to the respective pharmacological activators®-1!, Both isomers of
CLA have been found to modulate adipocyte differentiation and fat accumulation through the
adipogenic nuclear receptor-transcription factor PPARy. The ¢9,t11 isomer is pro-
adipogenict*®1'® and t10,c12 isomer, anti-adipogenic**?!4, The number of functional studies

detailing CLA activation of PPARa activation is rather scarce!*>11°,

1.9 Rationale and hypothesis

Based on current knowledge of insulin sensitisers, activation of PPARa and PPARy remained
a viable strategy to manage MetS and associated complications. The therapeutic effort using
current pharmacological intervention was hampered by non-negligible side effects. Therefore,
partial agonists of PPARs might be more appropriate. As CLA has been known to be partial
agonists of PPARa and PPARy, therapeutic goal could be achieved by activating the
predominant isotype in respective insulin sensitive tissues, PPARa in the liver and PPARy in
the adipose by using the same substance, while ameliorating many of the side effects. There
has been conflicting results regarding CLA benefits and adverse reactions in the literature;

hence any isomer specific effect must be taken into account so as to clarify contradictions.

It has been proposed that CLA may be able to increase plasma HDL level through hepatic
PPARa activation. Both improvement of blood lipid profile, coupled with the known fact that

CLA modulates adipogenesis through PPARY, would be beneficial for diabetic patients.
The specific hypotheses of this study were:

e Specific CLA isomers might act as dual agonists for PPARa/y and regulate
downstream signaling/metabolic pathways that are identical or distinct from known

pharmacological ligands of PPAR receptors
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CLA supplementation could be safely combined with thiazolidinedione, which are
full agonists of PPARy. The former was able to reduce or reverse adverse effects
posed by the latter (such as elevated LDL) by binding competitively with the full
agonists. It was hypothesised that this combination would lead to an improved lipid

profile compared to singular administration of thiazolidinediones
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Aims and Objectives

The aim of this study was to examine whether or not CLA is a safe substitute or supplement
for conventional insulin sensitisers that act on PPARy. Two approaches would be utilised to
achieve the aim of the study, namely by observing gluconeogenesis in vitro and physiological

parameters of the blood using genetically modified mice in vivo.

The specific objectives of my research project were:

e To examine the effect of CLA isomers on hepatic (HepG2 & H4IIE) gluconeogenesis
in vitro, and its dynamics with rosiglitazone. Both glucose production and expression
of gluconeogenic genes would be examined

e To determine the effect of CLA isomers on the basal expression of PPAR isotypes in
hepatic cells, particularly HepG2

e To investigate the effect of CLA in a 1:1 isomer mixture, either alone or with
rosiglitazone, on glucose and lipid metabolism in ApoE null mice on C57BL/6

background compared with wild type mice fed normal diet
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CHAPTER 2

Materials and Methods

2.1 In vitro studies

2.1.1 List of materials

No. | Material/Chemical/Reagent | Source Catalogue no. Remark
1 1.5 mL microcentrifuge tube Goodware MCT1500
2 Cryovial SPL Life SPL#43022
Sciences
3 HepG2 cell line American Type | ATCC® HB
Culture 8065™
Collection
4 H4IIE American Type | ATCC®CRL1548
Culture ™
Collection
5 a-MEM with L-glycine, Nacalai Tesque | 21445-95
without nucleosides
6 DMEM high glucose with | Nacalai Tesque | 08458-45
sodium pyruvate and glycine
7 DMEM no glucose Nacalai Tesque | 09891-25
8 DMEM no glucose no | Invitrogen A14430-01
glutamine no phenol red
9 Fetal bovine serum Sigma-Aldrich | SIG#F7524
10 | Penicillin-Streptomycin Nacalai Tesque | #26253-84
11 | Conical tubes 15 mL SPL Life | SPL#50015
Sciences ACT-15-B
Accumax
12 | Conical tubes 50 mL SPL Life | SPL#50050
Sciences
13 | Cell culture flask T-25 SPL Life | SPL#70025 Surface
Sciences treatment and
sterile
packaging
14 | Cell culture flask T-75 SPL Life | SPL#70075 Surface
Sciences treatment and
sterile
packaging
15 | 96-well plate, tissue culture | SPL Life | SPL#30096
treated Sciences
16 | Serological pipette SPL Life | SPL#91010
Sciences

35




17 | Phosphate buffered saline Self-prepared Prepared as a
10x
concentrate
and diluted to
the  working
concentration
with distilled
water.

18 | Trypsin-EDTA Nacalai Tesque | #35554-64 2.5¢/1-Trypsin
and 1mmol/I-
EDTA

19 | Ethanol RCI Labscan AR1069

20 | Dimetyl sulfoxide normal Nacalai Tesque | 13407-45

grade

21 | Dimetyl sulfoxide Nacalai Tesque | 09659-14

biotechnology grade
22 | MTT Nacalai Tesque | 23547-21
23 | Dexamethasone from plant Nacalai Tesque | 11107-51
24 | cis-9, trans-11-CLA Cayman 90145-50 Purity >98%
Chemicals

25 | trans-10, cis-12-CLA Cayman 90140-50 Purity >98%
Chemicals

26 | Rosiglitazone Cayman 71740-10 Purity >98%
Chemicals

27 | Forkskolin Tocris GZ-1099
Bioscience

28 | GW 6471 Tocris GZ-4618
Bioscience

29 | GW 9662 Tocris GZ-1508
Bioscience

30 | Fenofibrate Tocris GZ-4113
Bioscience

31 | Amplex Red Glucose Assay Molecular A22189
Probes

32 | Qiagen RNeasy Mini Kit Qiagen 74104
Biotechnologies

33 | Bioline Tetro cDNA synthesis | Bioline BLN#BIO-65042

kit

34 | 0.2 ml PCR strip tubes AXxygen PCR-0208-C

35 | 0.2 ml PCR strip caps Axygen PCR-2CP-RT-C

36 | KAPA SYBR Fast gPCR | KAPA KAPA-KK4600

Master Mix, 2x Biosystems

37 | Eco 48 Real Time PCR plate Illumina ECOPLATE

38 | Eco 48 Real Time PCR Seal [llumina ECOSEAL

39 | DEPC-treated water 13 BASE BUF-1170-200ml

40 | Isopropyl alchohol, | Inspiro 0918-500ml

biotechnology grade

Technologies
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2.1.2 Cell culture and treatments

Hepatic carcinoma cell lines from human, HepG2 (HB 8065™, American Type Culture
Collection; ATCC®, USA) and rat, H4IIE (CRL1548™, ATCC®, USA) were cultured in a-
MEM (21445-95, Nacalai Tesque, Japan) supplemented with 10% fetal bovine serum
(SIG#F7524, Sigma-Aldrich, USA) and 100 U/ml Penicillin-Streptomycin (#26253-84,
Nacalai Tesque, Japan). The cells were grown in a 75ml flask (SPL#70075, SPL Life
Sciences, South Korea), maintained in the incubator at 37°C, 5% CO». The growth media
were refreshed every 2 - 3 days. Upon reaching 80-90% confluence, the cells were passaged.
Used culture medium was discarded. Cultured cells were washed with 2 ml of phosphate
buffer saline (PBS) to remove dead cells and serum. The cells were then incubated for 5-10
minutes with 2 ml of 0.5% Trypsin-EDTA (#35554-64, Nacalai Tesque, Japan). Following
this, 8ml media was added and centrifuged at 3000rpm for 5 min at room temperature. The
harvested cells were then rinsed with PBS and homogenized with growth media. The cells
were counted in haemocytometer before sub-culturing or seeding experimental plates. Cells
were re-seeded in culture flasks at ratios between 1:6 and 1:4. All experiments were carried

out within 5-15 passages unless otherwise mentioned.
2.1.3 Cell viability assay

Using tissue culture treated 96-well plates (SPL#30096, SPL Life Sciences, South Korea),
HepG2 and H4IIE were seeded at 1 x 10* cells per well and left to incubate for 24 hours at
37°C and 5% CO.. After that, the incubated cells were washed twice and serum starved for 4
hours in the incubator. Cells were exposed to concentrations of ¢9, t11- and t10, c12-CLA at
0, 5, 15, 20, 30, 50, 70, 100 uM concentrations in serum free media for 24 hours. Cell
viability was determined using the MTT assay!'’. 5 mg/mL of MTT (23547-21, Nacalai

Tesque, Japan) dissolved in PBS was used, in which cells were incubated for 4 hours. At the
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end of the assay, MTT solution was removed and the insoluble formazan was dissolved in
normal grade DMSO (13407-45, Nacalai Tesque, Japan). Absorbance reading was taken at a

wavelength of 560 nm on a spectrophotometer.
2.1.4 In vitro glucose production assay

The glucose production assay was based on a published protocol'8. Briefly, the cells were
seeded at 2.8 x 10° per well for HepG2 and 2.0 x 10° per well for H4IIE, in a 12-well plate
and incubated for 48 hours. Cells were washed twice with PBS and serum starved with serum
free a-MEM for 8 hours, then glucose starved with glucose free Dulbecco's modified Eagle's
medium (DMEM; 09891-25, Nacalai Tesque, Japan) for 1 hour. The cells were then
incubated in 500 pL glucose production medium, consisting of glucose and phenol red free
Dulbecco’'s modified Eagle's medium (A14430-02, Invitrogen, USA) with 20 mM sodium
lactate , 2 mM sodium pyruvate (#06977-34, Nacalai Tesque, Japan), 2 mM L-glutamine
(#16948-04, Nacalai Tesque, Japan) and 15 mM HEPES (#17557-94, Nacalai Tesque, Japan)
for 24 hours. Treatments were added to their final concentrations in the glucose production
media and incubated for 24 hours. The final concentration for fatty acids (c9,t11-CLA,
t10,c12-CLA and linoleic acid) were 20 uM and other chemicals (rosiglitazone, fenofibrate,

GW9662) were 10 uM.

A 50 pL of the glucose production media were assayed with the Amplex Red
Glucose/Glucose Oxidase Assay Kit (A22189, Molecular Probes, USA). Glucose
concentration in the glucose production media was tabulated in uM. Cells remaining in each
plate well were lysed with NP-40'%°, 5 L of lysates were used to obtain respective protein
concentration using the Bradford assay in 96-well plate format'?°. The glucose concentration
obtained from each well was normalized with respective protein concentration and presented

as UM glucose per pg protein.
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2.1.5RT-gPCR
Primers were synthesised by Integrated DNA Technologies, Singapore. Their sequences are

presented in Table 2.1:

Table 2.1: Sequences of primers used for RT-gPCR of HepG2 cells.

Gene of interest | Forward sequence Reverse sequence Source

Human PPARg | 5°- 5’- Tachibana, K et. al.
CGTGGCCGCAGAT | CTTCCATTACGGAGA | (2005)!%
TTGAA-3’ GATCCAC-3’

Human PEPCK | 5°- 5’- Kim, H et. al.
AAGAGACACAGT | ACGTAGGGTGAATC | (2011)!2
GCCCATCC-3° CGTCAG-3’

Human G6P 5’- 5’- Kim, H et. al.
GAGACTGGCTCAA | CCTGGTCCAGTCTCA | (2011)1%
CCTCGTC-3” CAGGT-3’

36B4 5’- 5’- Akamine, R et. al.
CCGTGATGCCCAG | TTAGTCGAAGAGAC- | (2007)'%
-3’°GGAAGACAG 3’CGAATCCC

The treatment steps for RT-gPCR were identical to those of in vitro glucose production assay,
except that assay was done in 1 mL of glucose production media in a 6 well plate as
adopted'?*. At the end of the treatment, RNA was extracted with Qiagen RNeasy Mini Kit
(74104, Qiagen GmbH, Germany), in which 350 pL of Buffer RLT was used for each well.
Quality of extracted RNA was measured using a Nanodrop instrument. Subsequent steps
were performed according to manufacturer’s recommendations. cDNA was synthesised with

the Bioline Tetro cDNA Synthesis Kit (BLN#BIO-65042, Bioline, UK) according to
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manufacturer’s instructions. Quality of cDNA was checked with a Nanodrop instrument.
Quantitative PCR was performed with KAPA SYBR Fast qPCR Master Mix (KAPA-
KK4600, KAPA Biosystems, USA) using Illumina Eco Real Time PCR System (EC101-
1001, IMlumina, USA) according to manufacturer’s protocol. Gluconeogenesis genes,
phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-phosphatase (G6P) were tested.
Target gene expression was normalized against the acidic ribosomal phosphoprotein PO, also

known as 36B4!%, Result were analyzed by the comparative threshold cycle method?*?®.
2.1.6 Statistical analysis

All data were processed with Prism 7 (GraphPad Software, USA) and presented as mean *
SEM. Statistical significance between groups was determined using one-way ANOVA
followed by Tukey’s post-hoc tests. Cell viability data was tabulated as percentage viability
to look for ICso. For RT-gPCR data, a fold change of more than 2 accompanied by p < 0.05 is

considered significant.
2.2 In vivo studies

2.2.1 List of materials

No. | Material/Chemical/Reagent Source Catalogue no. Remarks

1 Wild type mice Taconic C57BL/6)
background

2 ApoE null mice Taconic C57BL/6)
background.
Strain generated
by Nobuyo
Maeda.

3 Normal diet Altromin #1324

4 Western diet Research Diets | D12079B Cholesterol
content 0.15%
w/w

5 | Fat free milk Self-prepared Prepared as 5%
wi/v with sterile
autoclaved
water

6 Steel gavage

7 1:1 conjugated linoleic acid Nu-Chek-Prep UC-59-AX 95% purity.
Prepared as
0.015g/mL in 5%
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fat free milk

8 Rosiglitazone Tokyo R0106-1g E{lrityl 29d8%-
: ISsolved In
Chemicals dimethy|

sulfoxide at 0.6
mg/mL. Prior to
injection into
mice, diluted 1:10
in phosphate
buffered saline.

9 Accu Chek Performa test strips Roche

10 | Tissue Tek O.C.T. Compound Sakura Finetek | 4583

11 | Insulin ELISA kit Merck EZRMI-13K

12 | Leptin ELISA kit Merck EZMADP-
60K

13 | Adiponectin ELISA Kit Merck EZML-82K

14 | HDL and LDL Quantitation kit BioVision K613-100

15 | Free Fatty Acid Quantitation Kit BioVision K612-100

16 | Triglyceride Quantitation Kit BioVision K622-100

2.2.2 Background of Apolipoprotein E null mice

Apolipoprotein E (ApoE) null mice are also known as ApoE knockout mice. Three strains of
ApoE null mice are currently available, one generated by Jan Breslow!?’ and another by
Nobuyo Maeda'?® and another by Loius Havakes'?®. The ApoE null strain utilised in this

study originated from the Maeda Laboratory.

ApoE null mice are leaner than wild type mice due to their less efficient incorporation of

lipids into their subcutaneous tissue and retention in the bloodstream when fed normal diet*3°,

ApoE null mice become severely hypercholesterolemic irrespective of being fed normal
chow or high fat diets!2"131132 Their total plasma cholesterol can be five to six times of wild
type mice. Compared with wild type mice, ApoE null mice have higher level of vLDL, IDL

and triglycerides and decreased HDL 2713,

ApoE null mice develop atherosclerotic lesions as early as 8 weeks of age when fed Western
diet and 10 weeks of age when fed chow diet, and develop lesions of all stages throughout the

arterial tree'®. A study conducted by Maeda group also reached similar conclusions®*3. When
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fed Western type diet for seven weeks, ApoE null mice develop severe non-alchoholic

hepatosteatitis, whereas wild type mice do not develop the condition on a Western diet™*.
2.2.3 Animal care and treatment

Animal work was conducted at Satellite Animal Facility, Department of Pharmacology at
University of Malaya under Institutional Animal Care and Use Committee approval number
#2015-180908/PHAR/R/DDM. A total of 10 wild type and 45 ApoE null mice on a
C57BL6/J background (Taconic Biosciences, USA) were purchased. All mice were eight-

week old and acclimatized for one week.

At Week 1, mice were allocated into groups of five per cage. Wild type mice were designated
WT. ApoE null mice were allocated into groups of ApoE, WD and ApoE, WD+CLA(e).
After Week 12, mice were placed in groups of three to four per cage. The ApoE, WD group
was further divided into ApoE, WD; ApoE, WD+CLA(l) and ApoE, WD+Rosi. ApoE,
WD+CLA(e) was further divided into ApoE, WD+CLA(e) and ApoE, WD+CLA(e)+Rosi.

The study design is illustrated in a schematic in Figure 2.1.
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Wild
type 20 Weeks Normal Diet WT
8 Weeks WD > ApoE, WD
8 Weeks WD+CLA ApoE, WD+CLA(l)
12 Weeks WD
ApoE
null 8 Weeks WD+Rosi ApoE, WD+Rosi
8 Weeks WD+CLA > ApoE, WD+CLA(e)
12 Weeks WD+CLA
} - ApoE,
8 Weeks WD+CLA+ Rosi WD+CLA(e)+Rosi

Figure 2.1: Schematic overview of the study design for in vivo study. Wild
type and ApoE null mice were divided into treatment groups at Week 1 for
12 Weeks, and further divided to receive additional treatments for another 8
8 Weeeks.

Throughout the study, body weight and food intake were monitored on a weekly basis. Blood
glucose was measured with Accu-Chek Performa strips and glucose meter (Roche,

Switzerland).

2.2.4 Induction of obesity with Western Diet

Wild type mice were fed normal diet containing 3386 kcal/kg consisting of 15% fat and 61%
by carbohydrate in terms of calorie content (#1324, Altromin, Germany). ApoE null mice
were fed Western diet containing 4679 kcal/kg consisting of 41% calorie by fat and 43% by

carbohydrate (D12079B, Research Diets, USA) from Week 1. CLA stock (UC-59-AX, Nu-
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Chek-Prep, USA) was a 1:1 mixture of isomers, prepared as a 0.1% w/v mixture in 5% fat
free milk, and administered to CLA early treatment group (ApoE, WD+CLA(e)) and CLA
early treatment with rosiglitazone (ApoE, WD+CLA(e)+Rosi) from the Week 1 by oral
gavage. Each mouse receives 200 pL in oral gavage, which turns out to be 3 mg CLA per

mouse per day.

2.2.5 Treatment of obesity from Week 12 with CLA and rosiglitazone

Starting from Week 12, 0.6 mg/kg rosiglitazone (R0106-1g, Tokyo Chemicals, Japan) was
administered by intraperitoneal injection for ApoE, WD+Rosi and ApoE, WD+CLA(e)+Rosi
groups. CLA-milk mixture was administered to the CLA late treatment group [ApoOE,

WD+CLA(I)].

2.2.6 Oral glucose tolerance test

Oral glucose tolerance test was performed at Week 19. A 100 mg/mL glucose solution was
administered to each mouse at dosage of 2 g/kg body weight. Glucose reading was taken at

intervals of 30 minutes, up to 120 minutes.

2.2.6 Termination of animal study

Two mice were sacrificed from WT, ApoE, WD and ApoE, WD+CLA(e) at Week 12. At the
conclusion of the study at Week 20, all mice were sacrificed by CO> asphyxiation. Blood
samples were collected by intercardiac puncture and processed into serum. Livers were
extracted, weighed and divided into three lobes, 1 lobe frozen in O.C.T. compound (4583,
Sakura Finetek), 1 lobe frozen in liquid nitrogen and another kept in formalin. Epididymal fat,
perirenal fat, mesenteric fat, kidney, spleen and pancreas were weighed and frozen in liquid

nitrogen.
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2.2.7 Serum insulin, leptin and adiponectin

Respective hormone levels were assayed with ELISA kits for insulin (EZRMI-13K, Merck,
Germany), leptin (EZMADP-60K, Merck, Germany) and adiponectin (EZML-82K, Merck,

Germany). Assays were performed using manufacturer’s recommendations.
2.2.8 Serum lipid levels

Assays for total cholesterol, LDL and HDL were performed with HDL and LDL quantitation
kit (K613-100, BioVision, USA). Free fatty acid (FFA) was assayed with Free Fatty Acid
Quantitation Kit (K612-100, BioVision, USA) and total triglyceride with Triglyceride
Quantitation Kit (K622-100, BioVision, USA). Assays were performed according to

manufacturer’s recommendations.
2.2.9 Statistical analysis

All data were processed with Prism 7 (GraphPad Software, USA) and presented as mean *
SEM. Statistical significance between groups was determined using one-way ANOVA
followed by Tukey’s post-hoc tests. For body weight data, statistical significance was

determined using two-way ANOVA followed by Tukey’s post-hoc tests.

To assess insulin resistance, homeostatic model assessment of insulin resistance (HOMA-IR)
was calculated using blood glucose in mg/dL and insulin concentration in mU/L divided by
405 as described previously'®. Quantitative insulin sensitivity check index (QUICKI) was
calculated by adding the logarithms of blood glucose in mg/dL and insulin in mU/L, and
taking the reciprocal of the sum of logarithms®*®. Revised QUICKI (QUICKI-FFA) was
calculated by adding the respective logarithms of blood glucose in mg/dL, insulin in mU/L
and FFA in nmol/uL and taking the reciprocal of the sum of logarithms, as described

previously’.
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CHAPTER 3

Results

3.1 Cell viability assay

A cell viability assay on HepG2 and H4I1IE was conducted to assess cytotoxic effects of CLA
on cells as well as to determine a suitable concentration for subsequent experiments. HepG2
and H4IIE cells were treated with increasing concentrations of ¢9,t11-CLA and t10,c12-CLA
in serum free media. Generally, cell viability decreased with increasing concentrations of
CLA. In HepG2, the ICso was 37£3.2 uM for ¢9,t11-CLA and 50+5.1 uM for t10,c12-CLA
(Figure 3.1). For H4IIE, the 1Cso was 76.6£3.0 uM for ¢9,t11-CLA and 71+3.3 uM for
t10,c12-CLA (Figure 3.2). Based on the cell viability assay, 20 pM was chosen for both CLA
isomers in subsequent assays, as this concentration showed efficacy without compromising

cell viability.
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Figure 3.1: Cell viability of HepG2 treated with various concentrations of
c9,t11- and t10,c12-CLA.

46



1504 -~ c9,t11-CLA
-m- t10,c12-CLA

-
o
o

% viability

A
o
1

0 20 40 60 80 100
concentration (uM)

Figure 3.2: Cell viability of H4IIE treated with various concentrations of
€9,t11- and t10,c12-CLA.

3.2 Effect of isomers of CLA on hepatic glucose production

The study proceeded to test the effect of c9,t11 and t10,c12-CLA in directly inhibiting
glucose production in vitro using hepatoma cells, HepG2 and H4I1E. As insulin has been well
demonstrated to suppress gluconeogenesist®, 100nM of insulin was used as a positive control
in all experiments. Also, 20 puM linoleic acid (C18:2n-6) was tested in parallel with CLA

isomers to elucidate any molecular structure or isomer-specific effects.
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Figure 3.3: Glucose production of HepG2 when treated with fatty acids.

Concentrations of the treatments were insulin 100 nM; ¢9,t11-CLA 20

MM; t10,c12-CLA 20 uM; CLA mix consisted of ¢9,t11 10 uM and

t10,c12 10 pM; linoleic acid 20 uM. * p < 0.05 vs. Untreated, *** p <

0.005 vs. Untreated.
As shown in Figure 3.3, the HepG2 cells exposed to 100 nM insulin for 24 hours had 40%
reduced glucose production compared to untreated control (p > 0.05%). Administration of 20
MM of ¢9,t11-CLA decreased glucose production by 62.5% compared to untreated cells (p <
0.001). Conversely, the exposure of HepG2 cells with 20 uM of t10,c12-CLA rendered no
change in glucose production (p > 0.05%). Of note, administering both CLA isomers (10 uM
of c9t11-CLA and 10 pM of t10c12-CLA) or 20 uM linoleic acid reduced the glucose

production by 42.6% (p < 0.05) and 34.2% (p > 0.05%) compared to untreated control.
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Figure 3.4: Glucose production of H4IIE cells administered with fatty acids.
Concentrations of the treatments were insulin 100 nM; ¢9,t11-CLA 20 uM;
t10,c12-CLA 20 pM; CLA mix consisted of ¢9,t11 10 uM and t10,c12 10 pM;
linoleic acid 20 puM. ** p < 0.01 vs. Untreated.

To further validate the results obtained from HepG2, the effect of CLA isomers on glucose
production were tested in rat hepatoma cells, H411E. In H4IIE cells (Figure 3.4), it was
found that administration of 100 nM insulin, 20 uM of ¢9,t11-CLA and 1:1 mixture of CLA
isomers significantly reduced the glucose production by 69.9%, 80.1% and 65.7%,
respectively, compared to control (p < 0.01). Similar to the observations in HepG2 cells,
administration of 20 pM of t10,c12-CLA led to no change in glucose production in H4IIE
cells (p > 0.05). The glucose production was reduced by 52.5% in 20 uM of linoleic acid
treated cells, compared to control. Together, these results were comparable to the results

obtained from HepG2 cells.
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3.3 Effect of CLA isomers on PEPCK and G6P expression in HepG2.

The rate limiting steps of hepatic glucose production are catalyzed by phosphoenolpyruvate
carboxykinase (PEPCK) and glucose-6-phosphatase (G6P). To elucidate the effects of CLA
isomers on hepatic glucose production is linked with the downregulation of hepatic
gluconeogenic enzymes, the HepG2 cells exposed to CLA isomers were analysed for mMRNA

level of PEPCK and G6P and compared with untreated control (Figure 3.5).
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Figure 3.5: PEPCK expression of HepG2 treated with fatty acids. Concentrations of
the treatments were insulin 100 nM; ¢9,t11-CLA 20 uM; t10,c12-CLA 20 uM; CLA
mix consisted of ¢9,t11 10 uM and t10,c12 10 pM:; linoleic acid 20 uM. * p < 0.05
vs. Untreated.
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Figure 3.6: Expression of G6P in HepG2 cells treated with fatty acids. Concentrations
of the treatments were insulin 100 nM; ¢9,t11-CLA 20 uM; t10,c12-CLA 20 uM,;
CLA mix consisted of ¢9,t11 10 uM and t10,c12 10 puM; linoleic acid 20 uM.

The HepG2 cells exposed to 100 nM insulin underwent 82.47% reduction of PEPCK
expression (p < 0.05, Figure 3.5) but not G6P (Figure 3.6) compared to control. Likewise, the
reduction of gluconeogenesis in c9,t11-CLA administration was accompanied by 87.7%
reduction in PEPCK expression (P<0.05, Figure 3.5) and 38% reduction in G6P (p > 0.05,
Figure 3.6). Conversely, the null effect of t10,c12-CLA is accompanied by no change in
PEPCK expression (p < 0.05, Figure 3.5) and a non-significant 2.1-fold increase in G6P
expression (p > 0.05, Figure 3.6). Of note, the combined administration of CLA isomers led
to 90.6% reduction in PEPCK (p < 0.05, Figure 3.5) but no change in G6P (p > 0.05, Figure
3.6). The effect of 20 uM of linoleic acid on both PEPCK and G6P was found to be

insignificant (p > 0.05, Figure 3.5 and 3.6).
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3.4 Effect of PPAR agonist or antagonist on HGP

It is known that the action of insulin sensitisers to treat T2DM is dependent on the activation
of PPARy. CLA isomers have been shown to be agonists of PPARY in adipocytes!!%!, To
understand whether the PPARYy activation or inhibition has any influence on the effects of
CLA isomers on hepatic gluconeogenesis, the effect of conventional PPAR agonist or
antagonist in the presence or absence of CLA isomers was examined. To justify the use of
PPARy agonist rosiglitazone, we first ensured that PPARy is expressed in HepG2 (Figure

3.7).
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Figure 3.7: Basal expression of PPARy in HepG2.

52



) 1
=
E T
2,
§| -t
; |
=
S
c 17
S
@ - - L
N
o
o
2 0 T T T T T
O é@b &S Qo,(» &
’60 {\?1' x© x\"\ \/v.
S & ¢ & O
d <&
<&

Figure 3.8: Glucose production of HepG2 treated with combinations of
rosiglitazone. Concentrations of the treatments were: rosiglitazone , 10 uM,;
€9,t11-CLA 20 pM; t10,c12-CLA 20 puM; CLA mix consists of ¢9,t11 10 uM
and t10,c12 10 puM. * p < 0.05

The concentration of 10 uM was chosen for rosiglitazone as this concentration is able to elicit
biologically significant effects with HepG2 cells®°. The exposure of HepG2 cells to 10 uM
rosiglitazone, a conventional PPARy agonist led to 72.9% reduction of glucose production (p
= 0.07 vs. Untreated, Figure 3.8). However, rosiglitazone combined with CLA isomers either
individually or mix had mixed responses. The HGP in the combined c9,t11-CLA and
rosiglitazone had 75% reduced compared to control (p = 0.08 vs. Untreated, Figure 3.8).
Conversely, the presence of t10,12-CLA or CLA mix abrogated the suppressive effects of

rosiglitazone on hepatic gluconeogenesis (p > 0.05 vs. Untreated, Figure 3.8).
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Figure 3.9: Glucose production of H4IIE treated with combinations of
rosliglitazone. Concentrations of the treatments were: rosiglitazone, 10 pM;
€9,t11-CLA 20 pM; t10,c12-CLA 20 puM; CLA mix consists of ¢9,t11 10 uM
and t10,c12 10 uM. * p < 0.05 vs. Untreated.

Using HA4IIE, a rat hepatic carcinoma cell line, it was found that rosiglitazone led to 70%
reduction (Figure 3.9, p < 0.05 vs. Untreated). Identically with HepG2, administration of
t10,c12-CLA led to no change in glucose production. Co-administration of ¢9,t11-CLA and
rosiglitazone led to undetectable glucose levels, meanwhile t10,c12-CLA did not affect the
ability of rosiglitazone to inhibit glucose production (85% reduction,; Figure 3.9, p < 0.05 vs.
Untreated). The combination of rosiglitazone, ¢9,t11 and t10,c12 made no change in glucose

production compared to untreated cells (Figure 3.9).
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Figure 3.10: Glucose production of HepG2 treated with combinations of
fenofibrate and CLA. Concentrations of the treatments are: fenofibrate, 10 uM;
c9,t11-CLA 20 uM; t10,c12-CLA 20 puM; CLA mix consists of ¢9,t11 10 uM
and t10,c12 10 uM. ** p < 0.01 vs. Untreated; *** p < 0.001 vs. Untreated;
**** p < 0.0001 vs. Untreated.

Likewise, the concentration of 10 uM was chosen for PPARa agonist, fenofibrate. Generally,
administration of fenofibrate with combinations of CLA led to reduction of glucose
production in HepG2 cells. Single administration of fenofibrate led to 63.8% reduction
compared to untreated control (Figure 3.10, p < 0.05). The addition of 20 uM ¢9,t11-CLA led
to 73.4% reduction (Figure 3.10, p < 0.01). The combination of fenofibrate and 20 uM
t10,c12-CLA led to 88.16% reduction (Figure 3.10, p < 0.01). Fenofibrate with CLA at
respective isomer concentration of 10 puM led to 91.8% reduction of hepatic glucose

production (Figure 3.10, p < 0.0001).
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Figure 3.11: Glucose production of HepG2 treated with combinations of GW 9662
and CLA. Concentrations of the treatments are: GW 9662, 10 uM; c9,t11-CLA 20
puM; t10,c12-CLA 20 pM; CLA mix consists of ¢9,t11 10 pM and t10,c12 10 pM.
** p < 0.01 vs. Untreated; **** p < 0.0001 vs. Untreated.

GW 9662 is an antagonist of PPARY. The concentration of 10 uM was chosen based on a
previous study4°. At this concentration, it led to 70.2% reduction in hepatic gluconeogenesis,
compared to control (p < 0.005, Figure 3.11). GW 9662 was found to further decrease HGP
when combined with either individual CLA isomers, c9,t11 (80.9% reduction), t10,c12 (85.2%

reduction) or CLA mix (87.4% reduction) (all were p < 0.0001, Figure 3.11).
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3.5 Effect of PPAR agonist or antagonist on PEPCK and G6P expression in CLA

isomers treated human hepatocarcinoma cells (HepG2)
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Figure 3.12: PEPCK expression of HepG2 treated with combinations involving
rosiglitazone and CLA. Concentrations of the treatments are: rosiglitazone, 10
UM; ¢9,t11-CLA 20 uM; t10,c12-CLA 20 uM; CLA mix consists of c9,t11 10
UM and t10,c12 10 pM. **** p < 0.0005 vs. Untreated.

The expression of PEPCK was reduced by 95.0% upon exposure to rosiglitazone alone (p <
0.0001, Figure 3.12). The combination of c9,t11-CLA, t10,c12-CLA or CLA mix with
rosiglitazone led to 89.8% (p < 0.0001), 92.0% (p < 0.0001) and 94.% (p < 0.0001) lowered

expression of PEPCK, respectively (Figure 3.12).
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Figure 3.13: G6P expression of HepG2 treated with combinations involving
rosiglitazone and CLA. Concentrations of the treatments are: rosiglitazone, 10
MM; ¢9,t11-CLA 20 uM; t10,c12-CLA 20 uM; CLA mix consists of ¢9,t11 10
UM and t10,c12 10 pM.

In contrast, the expression of G6P did not differ irrespective of any combinations involving

rosiglitazone (p > 0.05, Figure 3.13).
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Figure 3.14: PEPCK expression of HepG2 treated with combinations
involving fenofibrate and CLA. Concentrations of the treatments are:
fenofibrate, 10 uM; ¢9,t11-CLA 20 uM; t10,c12-CLA 20 uM; CLA mix
consists of ¢9,t11 10 uM and t10,c12 10 uM. * p < 0.05 vs. Untreated; *** p
< 0.001 vs. Untreated.
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Figure 3.15: G6P expression of HepG2 cells treated with combinations of
fenofibrate. . Concentrations of the treatments are: fenofibrate, 10 pM; c9,t11-
CLA 20 pM; t10,c12-CLA 20 pM; CLA mix consists of ¢9,t11 10 uM and
t10,c12 10 puM.**** p < 0.0001 vs. Untreated ; #: p < 0.001 vs. Fenofibrate
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The administration of 10 uM fenofibrate led to 58% reduction in PEPCK (Figure 3.14, p <
0.05) and 61.3% reduction in G6P expression (Figure 3.15, p < 0.0001) compared to
untreated control. The addition of CLA to fenofibrate treatment led to more than 90%

reduction of PEPCK and G6P expression (Figure 3.14 and Figure 3.15).
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Figure 3.16: PEPCK expression of HepG2 treated with GW 9662 and
combinations of CLA. Concentrations of the treatments are: GW 9662, 10 uM;
€9,t11-CLA 20 pM; t10,c12-CLA 20 puM; CLA mix consists of ¢9,t11 10 uM and
t10,c12 10 pM. **** p < 0.0001 vs Untreated
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Figure 3.17: G6P expression in HepG2 cells treated with combinations of GW

9662. Concentrations of the treatments are: GW 9662, 10 uM; c9,t11-CLA 20

puM; t10,c12-CLA 20 puM; CLA mix consists of ¢9,t11 10 uM and t10,c12 10 pM.

*p <0.05 vs. Untreated.
As shown in Figure 3.16, the administration of 10 pM GW 9662 led to near undetectable
expression of PEPCK either in the presence or absence of CLA, compared to untreated

control (p < 0.0001). However, the G6P mRNA level was found to be 86% downregulated

with co-treatment of GW 9662 and t10,c12-CLA (Figure 3.17, p < 0.05).

Information on sample quality of mMRNA extraction and synthesized cDNA is shown in Table

S1 and S2 in Supplementary Data.
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In vivo results
3.6 Animals

Of 10 wild type and 45 ApoE null mice purchased, two animals were sacrificed from wild
type, ApoE, WD and ApoE, WD+CLA(e) at Week 12 to check for disease progress.
Remaining mice were further allocated into groups. Number of mice that were terminated at
Week 20 were five from wild type, ND; five from ApoE, WD; seven from ApoE,
WD+CLA(e); seven from ApoE, WD+CLA(l); five from ApoE, WD+Rosi and five from

ApoE, WD+CLA(e)+Rosi.

3.7 Body weight and energy intake

Body weight (all groups)

Wild type, ND

ApoE, WD *

ApoE, WD+CLA(e) *#
ApoE, WD+Rosi *

ApoE, WD+CLA(e)+Rosi “#
ApoE, WD+CLA())*

Body Weight (g)

zoflu"l'I'l'l'l'l'l'l'l'l
0 2 4 6 8 10 12 14 16 18 2

WeekT

Start Rosiglitazone

*p < 0.05compared to wild type,

# p < 0.05compared to ApoE, WD,

@ p < 0.05 between WD+CLA(e)+Rosi
vs. WD+CLA(e) at specified time point

Figure 3.18a: Body weight of WT and ApoE mice across all treatment
groups throughout in vivo study from Week 0 to Week 20.
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Figure 3.18b: Body weight gain, compared to Week 0 of study, of wild type
and ApoE mice across all treatment groups throughout in vivo study.

lipoatrophy caused by t10,c12-CLA.
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Body weight of all mice with respect to time is shown in Figure 3.18a and body weight
difference compared to Week 0 is shown is Figure 3.18b. The body weight of ApoE null mice
were approximately 2 grams lower than their wild type counterparts (data not shown). At the
end of the study, wild type mice hovered at 28.62g (Figure 3.18a). ApoE+WD mice increased
the mean by 1.6-fold at 45.92g (Figure 3.18a). Early administration of CLA slowed body
weight gain effective from Week 1. Administering CLA mixture from the beginning and
treatment with rosiglitazone from Week 12 onwards [ApoE, CLA(e)+Rosi] caused a 25.9%
reduction of body weight compared to ApoE null, WD fed mice (Figure 3.18a, p < 0.0001).

Body weight reduction among ApoE, CLA(e) and ApoE, CLA(e)+Rosi is indicative of
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Figure 3.19a: Energy intake of mice before Week 12.
Energy intake (Week 12 - 20)
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Figure 3.19b: Energy intake of mice after Week 12.

Energy intake was divided into two phases, before Week 12 (Figure 3.19a) and after Week 12
(Figure 3.19b). Before Week 12, energy intake differed significantly between wild type and
ApoE, WD (p < 0.01); and between ApoE, WD and ApoE, WD+CLA(e) (p < 0.05). After

Week 12, only ApoE, WD and ApoE, WD+CLA(e) differed in energy intake (p < 0.05).
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Table 3.1: Absolute organ weights of mice sacrificed at Week 12, n = 2.

ApoE,
Wild type, ND ApoE, WD
WD+CLA(e)
Liver 1.064 3.108 1.850
Epididymal
0.231 2.374 2.031
fat
Perirenal fat 0 1.099 0.486
Mesenteric
0 1.081 0.527
fat
Pancreas 0.166 0.245 0.151
Kidney 0.421 0.430 0.404
Spleen 0.073 0.137 0.107

Table 3.2: Absolute organ weights of mice sacrificed at Week 20. * p < 0.05 vs. WT, ND;
***p <0.001 vs. WT, ND; *** p <0.0001 vs. WT, ND.

Wild type, ApoE, ApoE, ApoE, ApoE,
ApoE, WD
ND WD+Rosi  WD+CLA(l) WD+CLA(e) WD+CLA(e)+Rosi

Liver 1.339+0.092 2.608+0.193 3.063+0.425 2.478+0.275  1.929+0.203 2.34+0.305
Epididymal 2.487+0.227 2.247+0.216 2.442+0.207  2.068+0.264 1.471+0.333

0.347+0.064
fat *khkkk *kk *kkk *k*k *
Perirenal

0.806+0.275 1.261+0.188 0.911+0.171 1.185+0.130  0.739+0.098 0.440+0.077
fat
Mescenteric

0.133+0.022 0.485+0.084 0.372+0.062 0.540+0.143  0.464+0.042 0.240+0.032
fat
Pancreas 0.181+0.012 0.651+0.429 0.125+0.018 0.176+0.012  0.156+0.016 0.1360.018
Kidney 0.409+0.011 0.414+0.018 0.413+0.021 0.399+0.017  0.373+0.006 0.433+0.014
Spleen 0.093+0.029 0.152+0.037 0.159+0.026 0.124+0.011  0.167+0.021 0.131+0.008
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3.7 Liver weight

Feeding WD diet to ApoE null mice led to hepatomegaly, apparent as early as Week 12 (p <
0.01, Table 3.1); however it can be noted that the increase in liver weight was compensated
by increased body weight. Administration of rosiglitazone (ApoE, WD+Rosi and ApoE,
WD+CLA(e)+Rosi) led to increased liver weight compared to wild type mice fed ND (Table
3.2) and also increased liver to body weight ratio (not shown). Administration of early CLA
[ApoE, WD+CLA(e)] attenuated hepatomegaly caused by WD without significant change in

body weight throughout the study, as shown on Week 12 and Week 20 (Table 3.1 and 3.2).

3.8 Adipose weight

The effect of feeding WD was apparent as shown by increased epididymal, perirenal and
mesenteric fat pads as early as Week 12 (Table 3.1) and continued throughout the study up to
Week 20 (Table 3.2). Fat pad size was attenuated by early administration of CLA as early in
Week 12 (Table 3.1); up to Week 20 only for epididymal fat (Table 3.2). Late administration
of CLA had no effect on reducing fat pad size (Table 3.2). The combined administration of
early CLA and rosiglitazone had the most effect on reducing fat pad size caused by WD

feeding (Table 3.2).
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3.9 Fasting and random blood glucose
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Figure 3.20: Fasting blood glucose of WT and ApoE mice. Blood glucose
was taken with the tail prick method at Week 0, 12 and 20 of study.

*p <0.05, difference detected by t-test
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Random blood glucose
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~ Figure 3.21: Random blood glucose of WT and ApoE mice. Blood
glucose was taken with the tail prick method at Week 4, 8 and 16 of study.

*p <0.05; ** p <0.01, difference detected by t-test

Initial fasting blood glucose level did not differ between groups (Figure 3.20). At Week 12, a
difference was detected between wild type mice and ApoE, WD+CLA(l) mice (Figure 3.20);
and between ApoE, WD+CLA(e) and ApoE, WD+CLA(l) mice (Figure 3.20) at the
significance level of 0.05. No difference in fasting blood glucose at Week 20 was detected
(Figure 3.20). In random blood glucose, (Figure 3.21), no difference was detected between

groups at the same time point.
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3.10 Oral glucose tolerance test
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Figure 3.22: Oral glucose tolerance test performed on WT and ApoE mice
at Week 19.

Although it was observed that ApoE, WD+CLA(e) has the greatest AUC for OGTT curve, no
statistically significance was detected among treatment groups for oral glucose tolerance

(Figure 3.22).
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3.11 Hormone levels

3.11.1 Insulin
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Figure 3.23: Serum insulin level at Week 12. (n = 2)

At Week 12, feeding WD to ApoE mice, irrespective of early administration of CLA mixture,

led to hyperinsulinemia (Figure 3.23).
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Figure 3.24: Serum insulin level at Week 20. Feeding WD led to increased
insulin level and administration of rosiglitazone reduces it.

The condition of hyperinsulinemia among ApoE, WD mice persisted to Week 20 (Figure
3.24). The difference between ApoE, WD and WT was a 9.1-fold increase in insulin level
(Figure 3.24, p < 0.05). Treatment with rosiglitazone from Week 12 onwards relieved
hyperinsulinemia caused by WD, which 62% reduction for ApoE, WD+Rosi and 41.8%

reduction for ApoE, WD+CLA(e)+Rosi (Figure 3.24, p > 0.05).
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3.11.2 Adiponectin
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Figure 3.25: Adiponectin level at Week 12 in WT and ApoE null mice. (n = 2)
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Figure 3.26: Adiponectin level at Week 20 in WT and ApoE null mice.

No difference was detected in adiponectin levels across all groups at Week 12 and Week 20

(Figure 3.25 and Figure 3.26).
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3.11.3 Leptin
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Figure 3.27: Leptin level at Week 12 in WT and ApoE null mice. Feeding
WD led to increased leptin level, while early administration of CLA
reduces it. (n = 2)
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Figure 3.28: Leptin level at Week 20 in WT and ApoE null mice. Feeding WD
led to hyperleptinemia and administration of rosiglitazone and CLA led to
reduction in various degrees. * p < 0.05 vs. WT, ND; # p < 0.05 vs. ApoE, WD

At Week 12, hyperleptinemia was detected in ApoE, WD group, early administration of CLA
mixture [ApoE, WD+CLA(e)] partially alleviated hyperleptinemia (Figure 3.27).
Hyperleptinemia persisted in ApoE, WD mice, a 7.46-fold increase compared to wild type
mice (Figure 3.28, p < 0.05). Administering CLA early or rosiglitazone after Week 12 (in
ApoE, WD+CLA(e); ApoE, WD+Rosi and ApoE, WD+CLA(e)+Rosi) alleviated
hyperleptinemia (Figure 3.28). Administration of CLA after Week 12 after obese pathology

has developed [ApoE, WD+CLA(I)] had no effect on hyperleptinemia (Figure 3.28).
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3.12 Lipid levels

3.12.1 Total cholesterol

Total cholesterol
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Figure 3.29: Total cholesterol level at Week 12 in WT and ApoE null mice.

Feeding WD led to increased total cholesterol and CLA administration had
no effect.
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Figure 3.30: Total cholesterol at Week 20 in WT and ApoE null mice.
Consumption of WD led to hypercholesterolemia that is not reduced by
administration of rosiglitazone and CLA. Simultaneous administration of
early CLA and rosiglitazone exacerbated hypercholesterolemia.

**p<0.01vs. WT, ND, *** p <0.001 vs. WT, ND

At Week 12, feeding WD to ApoE mice, regardless of CLA treatment, led to 20-fold increase
in total cholesterol compared to WT mice (Figure 3.29). At Week 20, feeding Western diet to
ApoE null mice led to marked increase of 12.1-fold in total plasma cholesterol compared to
wild type mice as expected (Figure 3.30, p < 0.01 to p < 0.001). Administering CLA early in
the study caused a further 5.7% increase in total plasma cholesterol compared to ApoE, WD
(Figure 3.30). Simultaneous administration of CLA and rosiglitazone led to 31% increase in

total cholesterol compared to ApoE, WD mice (Figure 3.30).
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3.12.2 LDL cholesterol
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Figure 3.31: LDL level at Week 12 in WT and ApoE null mice. LDL was
undetectable in WT mice, while feeding WD led to increased LDL. (n = 2)
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Figure 3.32: LDL level at Week 20 in WT and ApoE null mice. LDL was
undetectable in WT mice. Feeding WD led to increased LDL.

***p <0.001, **** p <0.0001

At Week 12, ApoE null mice fed WD regardless of treatment showed increased LDL
cholesterol (Figure 3.31). LDL was close to undetectable in WT mice both at Week 12 and
Week 20 (Figure 3.31 and Figure 3.32). At both Week 20, all ApoE null mice fed WD has
markedly increased LDL with significance level between p < 0.001 to p < 0.0001 compared
to WT mice (Figure 3.32). Particularly, for ApoE, WD+CLA(e)+Rosi, the increase in LDL

was the greatest (p < 0.0001 vs. WT, ND).
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3.12.3 HDL cholesterol
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Figure 3.33: HDL level at Week 12 in WT and ApoE null mice. Feeding
WD led to increased HDL. (n = 2)
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Figure 3.34: HDL level at Week 20 in WT and ApoE null mice. At Week
20, feeding WD led to decrease in HDL.

*p < 0.05, *** p < 0.001

Feeding WD to ApoE null mice led to marked increase in HDL that was detectable at Week
12 (Figure 3.34). Over time, at Week 20, HDL level decreased by an average of 54% across
all ApoE null mice fed WD (Figure 3.34). Particularly, ApoE fed WD and treated with early
CLA had the lowest HDL level, which was a reduction of 81.6% (p < 0.001) compared to

WT mice (Figure 3.34).
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3.12.4 Triglycerides
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Figure 3.35: Total triglyceride level in WT and ApoE null mice at Week 12.
Feeding WD led to increase in total triglyceride level. (n = 2)

Feeding WD led to marked increase in total triglycerides detectable at Week 12 (Figure 3.35).
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Figure 3.36: Total triglyceride level at Week 20 in WT and ApoE null mice.

Triglyceride level for ApoE, WD+CLA(e)+Rosi was the highest among all treatment groups,
but none of the treatment group was found to have any statistically significant difference with

each other at Week 20 (Figure 3.36).
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3.12.5 Free fatty acids
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Figure 3.37: Free fatty acid level in WT and ApoE null mice at Week 12.
Generally, feeding WD led to increase in free fatty acid level. (n = 2)

Feeding WD led to increase in free fatty acids, and early administration of CLA increased

FFA further (Figure 3.37).
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Figure 3.38: Free fatty acid level in WT and ApoE null mice at Week 20.
Generally, feeding WD led to increase in free fatty acid level.

There was no significant difference in free fatty acids (FFA) among all treatment groups at

Week 20 (Figure 3.38).
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3.13 Insulin resistance indices
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Figure 3.39: Homeostatic model of insulin resistance (HOMA-IR) in WT and
ApoE null mice at Week 20. Feeding WD and administration of CLA mixture
either early or late led to increase in insulin resistance, whereas administration
of rosiglitazone led to attenuated increase in insulin resistance.

*p < 0.05; ** p < 0.01; *** p < 0.001
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Figure 3.40: Quantitative Insulin Sensitivity Check Index (QUICKI) of WT
and ApoE null mice at Week 20. Feeding WD to ApoE null mice led to
increase in insulin resistance, which is indicated by decreased QUICKI.
Administration of rosiglitazone alone rescued QUICKI to WT level, however
CLA has no effect in conferring improvement in insulin resistance and
antagonised rosiglitazone.

*p<0.05; ** p<0.01;, *** p<0.001; # p <0.05 vs. ApoE, WD
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Figure 3.41: Revised Quantitative Insulin Sensitivity Check Index (QUICKI-
FFA) of WT and ApoE null mice at Week 20. Feeding WD to ApoE null mice led
to increase in insulin resistance, which is indicated by decreased QUICKI-FFA.

** ) < 0.01; *** p < 0,001

Insulin resistance indices were tabulated as HOMA-IR (Figure 3.39), QUICKI (Figure 3.40)
and QUICKI-FFA (Figure 3.41), respectively. QUICKI is derived using the same information
used to calculate HOMA-IR, which is the reciprocal of the sum of the logarithm of HOMA
and logarithm of a constant. QUICKI-FFA incorporates an additional parameter of free fatty
acid. QUICKI-FFA is suggested to be better correlated with insulin sensitivity measured by

euglycemic hyperinsulinemic clamp in a variety of insulin resistant states'**, owing to the fact
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that insulin inhibits lipolysis in adipocytes!#214% and the presence of free fatty acids leads to
insulin resistance!®*. HOMA-IR, QUICKI and QUICKI-FFA showed increase in insulin
resistance in all WD fed mice regardless of treatment compared to wild type mice. Feeding
high fat diet in ApoE, WD led to 8.3-fold increase in HOMA-IR (Figure 3.39, p < 0.05) and
30% decrease in QUICKI-FFA (Figure 3.40, p < 0.001). ApoE, WD+CLA(e) was the most
insulin resistant of all groups, that has 9.4-fold increase in HOMA-IR (Figure 3.39, p < 0.001)
and 31.7% decrease in QUICKI-FFA (Figure 3.40, p < 0.001). The increase in insulin
resistance in ApokE, WD+CLA(l) was also notable with an increase in HOMA-IR at 7.2 fold
(Figure 3.39, p < 0.05) and decrease in QUICKI-FFA at 26.9% (Figure 3.40, p < 0.01).
Administration of rosiglitazone in ApoE, WD+Rosi and ApoE, WD+CLA(e)+Rosi groups
attenuated increase in insulin resistance, albeit with an approximately 25.7% reduction in

QUICKI-FFA (Figure 3.40).
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CHAPTER 4

Discussion

As rosiglitazone has led to non-negligible side effects especially on the cardiovascular system,
we sought to ameliorate its side effects without abandoning the usage of this potent PPARY
ligand. We hypothesized that side effects may be ameliorated by any of the three strategies:
substituting rosiglitazone with alternative PPAR agonists, concurrent activation of PPAR
isotypes or administering competitive ligands. We have chosen CLA, since they have been
demonstrated to confer health benefits in diabetes and cardiovascular diseases. CLA are
known to be agonists of PPARa and PPARY that binds to their receptor with lower affinity
than pharmacological agonists'®11°, The success of ameliorating the side effects of

rosiglitazone would probably consider a step forward in management of MetS and T2DM.
4.1 In vitro findings

Our findings established that c9,t11-CLA is able to act directly on liver cells to reduce
gluconeogenesis by suppressing the PEPCK and this effect was comparable to rosiglitazone,
a PPAR agonist. However, the exposure of t10,c12 CLA on liver cells has modulated neither
the HGP nor the levels of gluconeogenic enzymes. Of note, t10,c12 CLA had abrogated the
effects of rosiglitazone on HGP. Taken together, our findings suggest the isomer-specific
effects of CLA and the possibilities of dairy food constituents interacting with PPAR
activation or inhibition to bring about health benefits, which fall into the category of
functional foods. Functional food is defined as “any food or food ingredient that provides
health benefit beyond its traditional nutritional value” by the Institute of Medicine Food and
Nutrition Board'*®. Unfortunately, recent clinical studies on the effect of CLA in glucose
homeostasis has been inconsistent and beneficial effects may not be apparent in low dose and

short term (<16 weeks), but well tolerated across subjects in terms of safety4®.
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In T2DM, the increase in hepatic gluconeogenesis is due to elevated basal gluconeogenesis®’.
Hepatic gluconeogenesis contributes to 75% of hepatic glucose output in T2DM, with the rest
contributed by glycogenolysis and glycogen cycling®. It was established that hepatic
gluconeogenesis is less sensitive to inhibition by insulin compared to glycogenolysis'“°. Basal
gluconeogenesis is unaffected by insulint®5!, The primacy of gluconeogenesis in T2DM is
demonstrated by the overexpression of PEPCK in animal models, which developed T2DM-
like state with selective hepatic insulin resistance!®21%3, Alternatively, persistent activation of
gluconeogenic transcription factors leads to hepatic insulin resistance®*. Although hepatic
gluconeogenesis may not be the primary contributor to hyperglycemia, it is thought to
contribute to a feedback loop that worsens insulin resistance over time. The improvement of
metabolic profile in diabetic rats can be achieved by knocking down PEPCK®, Therefore,
inhibition of hepatic gluconeogenesis is a viable strategy to alleviate hyperglycemia and other
symptoms of T2DM. Since insulin is unable to reduce basal gluconeogenesis, compounds
able to exert reduction in basal gluconeogenesis will be an area of interest, taken that CLA is
able to reduce the activity of gluconeogenic enzymes at the transcriptional level. It is worth
noting that the lowest concentration of CLA in Canwell et al. is equivalent to 17.8 uM, but
significant reduction in gluconeogenesis was only observed at the equivalent of 71 uM?*;

whilst we managed to show the efficacy of CLA at 20 uM.

Rosiglitazone is an anti-diabetic drug belonging to a class of insulin sensitisers known as
thiazolidinediones. Administration of rosiglitazone has been shown to inhibit hepatic
gluconeogenesis®®’. Our experimental results demonstrated that the reduction in the rate of
hepatic gluconeogenesis when the cells were treated with rosiglitazone and CLA
corresponded to the expression level of PEPCK and G6P mRNA, except for the combination

of rosiglitazone and c9,t11-CLA. Our observation for rosiglitazone is at odds with a previous
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observation that reported no change in PEPCK mRNA levels'®®, PEPCK activity is controlled
by the abundance of PEPCK protein in the liver, as the enzyme is neither regulated by

allosteric binding nor phosphorylation/dephosphorylation®®°,

It has been reviewed that PPARy activity has an inverted U-shaped relationship with
gluconeogenesis!®; moreover the PPARy antagonist GW 9662 has recently been shown to
inhibit PEPCK expression in vivo'®, GW 9662 binds to PPARy at an IC50 of 3.3 nM!®?
therefore the reduction of hepatic glucose production in the presence of GW 9662 is

attributed to inhibition of PPARy instead of CLA activation.

In spite of our result that centered on the dependence of PPARY, the long held paradigm of
activating PPAR as the key to treating metabolic diseases is now being challenged by recent
discoveries. Rosiglitazone has traditionally been regarded as a potent and specific agonist for
PPARY’®, whereas CLA has been regarded as a weaker agonist with an 1C50 difference
between 940-2176 fold'®. Emerging evidences are pointing to thiazolidinediones exerting
insulin sensitising effect independent of the PPARY pathway®®13 that is further proven by
reports of glitazone mimetics improving insulin sensitivity despite lacking of PPAR agonist
activity'®, It is essential to take note that this PPAR independence may involve no change in
basal PPAR receptor activity. Instead, the authors proposed that modulation of mitochondrial
biogenesis as well as direct modulation of mitochondrial metabolism contribute to the
pharmacology of thiazolidinediones. There are emerging evidences pointing to mitochondrial
targets for insulin sensitizing drugs. Thiazolidinediones have been shown to target the
pyruvate carrier complexes of the mitochondria'®>-¢7. Under a similar context, metformin has
been identified as an inhibitor of mitochondrial glycerophosphate dehydrogenase to suppress
gluconeogenesis!®. It is suggested that these insulin sensitizing drugs, rather than acting
through a linear pathway of activating downstream targets, instead alter the cellular energy

state by binding to mitochondrial proteins'®®. The change in mitochondrial energy state led to
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a cellular response of increasing sensitivity to insulin. Based on our observations, it will be

useful to determine PPAR independence action of CLA.

The ¢9,t11 isomer is the most abundant CLA isomer in nature. Hence, the single
administration of ¢9,t11 is highly applicable to the consumption of CLA from dietary sources.
The t10,c12 isomer is present in low natural abundance, but high amounts in artificial
preparations of CLA mixtures sold commercially. The consumption of t10,c12-CLA in high
amounts is relevant in CLA supplements, as these supplements are made from artificial CLA

preparations.

A myriad of studies have showed that actions of CLA is isomer dependent. While the c9,t11
isomer is associated with increase of insulin sensitivity®1/%-1"4 the sole consumption of
t10,c12 isomer is associated with adverse effects such as insulin resistance!®?, lipoatrophy,
hepatic steatosis and hyperinsulinemia®*1%17> and adipose tissue inflammation®, In vivo,
consumption of a mixture of ¢9,t11- and t10,c12-CLA increased serum HDL cholesterol, but
led to insulin resistance in Wistar rats, leading to authors’ suggestion that CLA supplement
should be approached with caution for weight management’®. Likewise, we have shown that
combination of CLA mixture and rosiglitazone decreased insulin resistance but increased
atherogenicity by virtue of serum non-HDL to HDL ratio in Sprague-Dawley rats'’’. In vitro,
1:1 CLA has been shown to inhibit glucose uptake in cultured primary rat adipocytes'’®. In
order to account for our observations, t10,c12-CLA must either inhibit the ability of ¢9,t11-
CLA and thiazolidinediones to bind to their mitochondrial targets, or antagonize the activity
of PPARy. While there are no publication describing the effect of t10,c12-CLA in modulating
mitochondrial metabolism, evidences are emerging for t10,c12-CLA antagonism of activated
PPARYy activity!®, Since ¢9,t11- and t10,c12-CLA are equally as efficient in activating

PPARYy 179, the outcome cannot be attributed to binding of CLA isomers to PPARY per se, but
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alternative pathways activated by CLA . The pathways leading to direct suppression of

hepatic gluconeogenesis is a subject of future investigation.

In summary, we have demonstrated that c9,t11-CLA is able to exert an insulin-like effect
directly on the liver to bring about reduction in hepatic gluconeogenesis, that is mediated by
reduction in PEPCK and G6P expression. In contrast, t10,c12-CLA increases hepatic

gluconeogenesis by increasing G6P expression at the transcriptional level.
4.2 In vivo discussion

After establishing that c9,t11-CLA is effective in reducing hepatic glucose production and
mutual non-interference between ¢9,t11-CLA and rosiglitazone, the utility of combining both
agents was tested in vivo. The ApoE null mouse was utilized since it is a good model for
diabetic dyslipidemia. In humans, much cholesterol circulates in LDL rather than HDL,;
hence human beings are prone to dyslipidemia and atherosclerosis especially under
conditions of metabolic syndrome and T2DM. In contrast, mice have higher HDL level than
LDL in circulation, rendering them generally resistant to atherosclerosis'?’. ApoE null mice
develop severe hypercholesterolemia when fed high fat or Western diet'?"1*2, In wild type
mice, feeding Western diet also led to increase in plasma cholesterol and triglycerides, albeit

milder than ApoE null mice?’.

ApoE null mice are leaner than wild type mice when fed a normal diet'*°, due to increased
sequestration of lipid in LDL particles and decreased efficiency in incorporating lipids into
the subcutaneous tissue. Nevertheless, they develop obesity when fed a fat rich diet. For the
purpose of our study, we used male mice because they were more susceptible to insulin

resistance when fed high fat diet*®.
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The cardiovascular safety of combining rosiglitazone and CLA supplements was assessed by
examining serum parameters. The conferral of CLA health benefits has been known to be
isomer dependent. In a study using C57BI/6J mice, c9,t11-CLA did not lead to insulin
resistance, but t10,c12-CLA and 1:1 CLA mix led to insulin resistance®2. In another study,
8:2 blend of c9,t11 and t10,c12-CLA led to resolution of early atherosclerosis®, given that
€9,t11 isomer is naturally abundant. A previous study using LDLr null mice fed high fat high
sucrose diet found that t10,c12-CLA led to insulin resistance and slightly reduced plasma
cholesterol'®. The same group found that rosiglitazone was able to alleviate insulin
resistance caused by t10,c12-CLA, but abrogated slight suppression of plasma cholesterol by

t10,c12-CLA, and causes hepatomegaly*®L.

Early administration of CLA mixture [WD+CLA(e), WD+CLA(e)+Rosi] led to significant
reduction in body and adipose weight compared to WD mice, which points to lipoatrophy. In
agreement with a previous study'®’, CLA administered as 1:1 mixture of isomers led to
lipoatrophy in mice. Given that the actions of CLA is isomer specific, this CLA dependent
lipoatrophy is mediated by the t10,c12 isomer'%. In fact, the administration of t10,c12-CLA
to cause adipocyte inflammation and apoptosis in mice is a model of lipoatrophy. However,
CLA mixture administered in rats does not led to lipoatrophy, due to the robustness of rat
compared to mouse®®. The adverse effects of 1:1 CLA mixture is espoused in increased total
cholesterol, increased LDL and reduced HDL in ApoE, WD+CLA(e) mice and further
exacerbated by rosiglitazone in ApoE, WD+CLA(e)+Rosi mice, taking consideration that
ApoE knockout led to less efficient incorporation of circulating lipids into the adipose tissue.
Therefore, the presence of ApoE null, lipoatrophy and glitazones may represent a dangerous

triad when dyslipidemia is concerned.

Leptin is an adipocytokine involved in regulation of satiety. The onset of lipoatrophy led to

low leptin levels, which was observed in CLA(e) groups. It has been shown that leptin
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infusion in lipoatrophy could correct insulin resistance and hepatic steatosis'®8’:
transplantation of lipatrophic mice with adipose tissue lacking leptin failed to correct insulin
resistance and hepatic steatosis®. For reference, a case report pointed that administration of
pioglitazone has little effect on serum lipoproteins and glucose metabolism in a case

lipoatrophic diabetes induced by juvenile dermatomyositis®.

ApoE null mice are known to develop severe hepatosteatitis after being fed WD for seven
weeks!3*, which is indicated by increased liver weight when fed WD compared to wild type.
The inducement of hepatic steatosis has been documented previously for rosiglitazone!®19
and also t10,c12-CLA%, T10,c12-CLA has also been shown to increase liver triglyceride
content!™®, In this study, it could be observed that administration of 1:1 CLA alone led to
slight reduction in liver weight, co-administering 1:1 CLA with rosiglitazone failed to
alleviate hepatic steatosis caused by the latter. We reasoned that in lipoatrophy, rosiglitazone

may act on liver PPARYy to bring about hepatic steatosis that led to exacerbated LDL levels.

4.3 Limitations of study

The in vivo study utilised wild type mice fed normal diet as the baseline group, whereas a
more convincing comparison can be achieved by using ApoE null mice fed normal diet. The
normal diet used for the study was found to contain significant amount of linolenic acid that
may interfere with observations. At Week 12, only two mice were sacrificed per group that
precluded any statistical comparisons at that time point. Due to financial constraints, only 1:1
mixture of CLA isomers could be utilised for in vivo study, which made it impossible to

single out the individual contribution of CLA isomers towards the observation.
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4.4 Conclusions

Notwithstanding the usage of 1:1 CLA mixture in the in vivo study, it should be noted that
health benefits of CLA is isomer dependent. t10,c12-CLA is associated with adverse effects
when consumed in large amounts. It has to be noted that the reduction of blood glucose with
the combination of 1:1 CLA with rosiglitazone is achieved by the indirect pathway rather
than via direct action on hepatocytes, but in vivo, exacerbation of atherogenic dyslipidemia
was also observed. This observation calls for the reconsideration of combining functional
foods and drug regiment for the treatment of metabolic syndrome and diabetes as far as
cardiovascular safety is concerned. The usage of CLA supplementation while undergoing
treatment with a glitazone should be treated with caution, given that t10,c12-CLA is abundant
in artificially prepared CLA, and this isomer not only interferes with glitazones to suppress

gluconeogenesis directly in the liver, but also indirectly by causing lipoatrophy.

Instead of our expected amelioration of cardiovascular side effects by combining
rosiglitazone with a mild competitive ligand, we conclude that early administration of 1:1
CLA led to lipoatrophy; the co-administration of 1:1 CLA with rosiglitazone exacerbates

atherogenic dyslipidemia and hepatic steatosis.
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Supplementary Data

Table S1: HepG2 RNA concentration after treatment. During measurement, each sample
were measured in duplicates for each attempt on a nanodrop machine. The readings were
average of duplicates as recorded in the laboratory notebook.

Treatment Concentration 1 Concentration 2
(ng/pL) (ng/uL)
Untreated 634.0000 430.2692
Insulin 100 nM 338.4615 538.3462
Forskolin 10 pM 244.6154 436.1923
Rosiglitazone 10 uM 508.5385 457.1923
Fenofibrate 10 uM 65 74.1154
c9,t11-CLA 20 uM 317 437.2692
t10,c12-CLA 20 uM 350.8077 457.7308
Linoleic acid 20 uM 358.6538 439.1923
Rosiglitazone 10 pM + c9,t11-CLA 20 389.2692 375.6538
UM
Rosiglitazone 10 uM + t10,c12-CLA 20 423.8077 402.0385
Y
Rosiglitazone 10 uM + ¢9,t11-CLA 10 255.6538 317.2692
UM + t10,¢12-CLA 10 uM
c9,t11-CLA 10 uM + t10,c12-CLA 10 191.6538 313.2692
UM

Table S2: HepG2 cDNA concentration. cDNA was synthesised based on the RNA
concentration tabulated in Table S1, and have their concentration measured on a nanodrop
machine. Samples were measured in duplicates, and have their average taken and recorded in
the laboratory notebook.

Treatment Concentration 1 Concentration 2
(ng/uL) (ng/uL)

Untreated 537.1635 513
Insulin 100 nM 619.5673 462
Forskolin 10 pM 534.7596 519
Rosiglitazone 10 uM 517.9327 523
Fenofibrate 10 uM - -
c9,t11-CLA 20 uM 534.7596 362
t10,c12-CLA 20 uM 517.9327 366
Linoleic acid 20 pM 640.7692 454
Rosiglitazone 10 pM + c9,t11-CLA 20 656.5385 536
UM
Rosiglitazone 10 uM + t10,c12-CLA 20 723.0769 530
Y
Rosiglitazone 10 uM + c9,t11-CLA 10 458.5577 529
UM +110,c12-CLA 10 uM
c9,t11-CLA 10 uM + t10,c12-CLA 10 398.0769 534
UM
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Figure S1: RT-qPCR melting curve of HepG2 RNA. Melting curves were generated after
each gPCR run on Illlumina Eco machine.
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Appendices



Appendix 1 - Scientific principles behind the assays

Amplex Red Glucose Assay

In this assay, glucose oxidase reacts with glucose to form gluconolactone and hydrogen
peroxide. In the presence of horseradish peroxidase, hydrogen peroxide reacts with Amplex
Red to generate a red fluorescent oxidation product, resorufin. Resorufin has an absorbance

maximum at 560 nm. Further details can be referred from manufacturer’s documentation'®?.
Bradford Assay

Bradford assay is based on non-covalent binding of Commassie Brilliant Blue G-250 to
tertiary structures of proteins. Briefly, the Bradford reagent contains the dye in its anionic
form, which is brown in colour. Interaction of the dye with the protein carboxyl groups,
amino groups and hydrophobic regions stabilizes the cationic form of the dye, which is

coloured blue.

100 pL of NP-40 was added to remaining HepG2 cells in a 12-well plate to obtain the
respective protein extract. 5 uL was utilized for Bradford assay using the 96-well plate format.
In each well, 250 pL Bradford reagent was added and mixed for 30 seconds and incubated at

room temperature for 5 — 45 minutes. Absorbance was measured at 595 nm.
Reverse transcription quantitative polymerase chain reaction (RT-gPCR)

RT-gPCR is a method to detect gene expression. Briefly, extracted RNA was reverse
transcribed with a reverse transcription Kit into complementary DNA (cDNA), the kit used
was Bioline Tetro cDNA synthesis kit (BLN#BIO-65042, Bioline, UK). This cDNA was then
copied with DNA polymerase. The amplification product was detected using a dye, SYBR

Green | that binds to double stranded DNA found in KAPA SYBR Fast gPCR Master Mix
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(KAPA-KK4600, KAPA Biosystems, USA). The double stranded DNA is amplification

product. Bound SYBR Green | emits green light at a wavelength of 520 nm.

The thermal profile for cDNA synthesis was

1. Incubate samples at 45°C for 30 minutes

2. Terminate reaction at 85°C for 5 minutes, chill products by switching to 4°C.

The thermal profile for RT-gPCR was

=

Initial incubation at 50°C for 2 minutes

N

Polymerase activation at 95°C for 3 minutes

w

Double strand separation at 95°C for 3 seconds

&

Strand elongation at 60°C for 25 seconds

Step 3 and 4 were repeated for 40 cycles.

The number of copies of DNA increases exponentially with each amplification cycle. The
cycle number which amplification starts to become exponential is named the threshold cycle
(Cq). High initial amount of cDNA gave a lower Cg. RT-gPCR result was calculated using

the double delta T method as previously described*?®.

LDL, HDL and total cholesterol assay

The assay kit utilizes cholesterol oxidase to generate products having absorbance at

wavelength of 570 nm.

Triglyceride assay

The assay Kit utilizes the action of lipase and oxidation of glycerol. First, triglycerides are
hydrolysed into free fatty acids and glycerol. The resulting glycerol was oxidized to generate
a product having an absorbance at wavelength of 570 nm.
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Free fatty acid assay

The kit is based on the generation of coenzyme A derivatives of fatty acid and subsequent

oxidation of fatty acid-coA to product products having absorbance of 570 nm.

Insulin, leptin and adiponectin assays

The assays to quantitate serum insulin, leptin and adiponectin are based on the principle of
enzyme linked immunosorbent assay (ELISA). Briefly, extracted serum was placed in a pre-
coated plate and washed. Then, primary antibody conjugated to biotin was incubated with
hormone already bound to the plate. After washing, horseradish peroxidase conjugated to
streptavidin was incubated. The enzyme activity was monitored in the presence of substrate
3,3’,5,5’-tetramethylbenzidine, in which a blue colour product will be formed. Acidification
turns the product yellow. The enzyme activity is measured by the increased absorbance at

450 nm subtracted by absorbance at 590 nm.
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Appendix 2 — HepG2 Cell Line Data Sheet

£y
ATCC

Produc

t Sheet

Hep G2 [HEPG2] (ATCC® HB-
8065™)

Please read this FIRST

liquid nitrogen
vapor phase

Intended Use

This product is intended for research use only. It is not
intended for any animal or human therapeutic or
diagnostic use.

Complete Growth Medium

The base medium for this cell line is ATCC-formulated
Eagle's Minimum Essential Medium, Catalog No. 30-
2003. To make the complete growth medium, add the
following components to the base medium: fetal bovine
serum to a final concentration of 10%.

Citation of Strain

If use of this culture results in a scientific publication, it
should be cited in that manuscript in the following
manner: Hep G2 [HEPG2] (ATCC® HB-8065™)

American Type Culture Collection
PO Box 1549
Manassas, VA 20108 USA

www.atcc.org
800.638.6597 or 703.365.2700

Fax: 703.365.2750
Email: Tech@atcc.org

Or contact your local distributor

Page 1 of 3

e Description

Organism: Homo sapiens, human
Tissue: liver

Disease: hepatocellular carcinoma
Age: 15 years adolescent
Gender: male

Morphology: epithelial

Growth Properties: adherent
DNA Profile:

Amelogenin: X,Y

CSF1PO: 10,11

D13S317:9,13

D16S539: 12,13

D5S818: 11,12

D7S820: 10

THO1:9

TPOX: 8,9

VWA: 17

Cytogenetic Analysis: modal number = 55 (range = 50 to 60); has a rearranged chromosome 1

Q Batch-Specific Information

Refer to the Certificate of Analysis for batch-specific test results.

A SAFETY PRECAUTION

ATCC highly recommends that protective gloves and clothing always be used and a full face mask always be
worn when handling frozen vials. It is important to note that some vials leak when submersed in liquid nitrogen
and will slowly fill with liquid nitrogen. Upon thawing, the conversion of the liquid nitrogen back to its gas
phase may result in the vessel exploding or blowing off its cap with dangerous force creating flying debris.

-
{' Unpacking & Storage Instructions

1. Check all containers for leakage or breakage.
2. Remove the frozen cells from the dry ice packaging and immediately place the cells at a temperature
below -130°C, preferably in liquid nitrogen vapor, until ready for use.

-
i' Handling Procedure for Frozen Cells

To insure the highest level of viability, thaw the vial and initiate the culture as soon as possible upon receipt. If
upon arrival, continued storage of the frozen culture is necessary, it should be stored in liquid nitrogen vapor
phase and not at -70°C. Storage at -70°C will result in loss of viability.

1. Thaw the vial by gentle agitation in a 37°C water bath. To reduce the possibility of contamination, keep
the O-ring and cap out of the water. Thawing should be rapid (approximately 2 minutes).

2. Remove the vial from the water bath as soon as the contents are thawed, and decontaminate by
dipping in or spraying with 70% ethanol. All of the operations from this point on should be carried out
under strict aseptic conditions.

3. Transfer the vial contents to a centrifuge tube containing 9.0 mL complete culture medium. and spin at
approximately 125 x g for 5 to7 minutes.

4. Resuspend cell pellet with the recommended complete medium (see the specific batch information for
the culture recommended dilution ratio). and dispense into a 75 cm? culture flask. Recommended use
of Corning® T-75 flasks (catalog #430641). It is important to avoid excessive alkalinity of the medium
during recovery of the cells. It is suggested that, prior to the addition of the vial contents, the culture
vessel containing the complete growth medium be placed into the incubator for at least 15 minutes to
allow the medium to reach its normal pH (7.0 to 7.6). pH (7.0 to 7.6).

5. Incubate the culture at 37°C in a suitable incubator. A 5% CO, in air atmosphere is recommended if
using the medium described on this product sheet.

A Handling Procedure for Flask Cultures

The flask was seeded with cells (see specific batch information) grown and completely filled with medium at
ATCC to prevent loss of cells during shipping.
1. Upon receipt visually examine the culture for macroscopic evidence of any microbial contamination.

116



e
ATCC
Product Sheet
Hep G2 [HEPG2] (ATCC® HB-
8065™)

Please read this FIRST

liquid nitrogen
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Intended Use

This product is intended for research use only. It is not
intended for any animal or human therapeutic or
diagnostic use.

Complete Growth Medium

The base medium for this cell line is ATCC-formulated
Eagle's Minimum Essential Medium, Catalog No. 30-
2003. To make the complete growth medium, add the
following components to the base medium: fetal bovine
serum to a final concentration of 10%.

Citation of Strain

If use of this culture results in a scientific publication, it
should be cited in that manuscript in the following
manner: Hep G2 [HEPG2] (ATCC® HB-8065™)
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Fax: 703.365.2750
Email: Tech@atcc.org

Or contact your local distributor

Page 2 of 3

Using an inverted microscope (preferably equipped with phase-contrast optics), carefully check for
any evidence of microbial contamination. Also check to determine if the majority of cells are still
attached to the bottom of the flask; during shipping the cultures are sometimes handled roughly and
many of the cells often detach and become suspended in the culture medium (but are still viable).

2. If the cells are still attached, aseptically remove all but 5 to 10 mL of the shipping medium. The
shipping medium can be saved for reuse. Incubate the cells at 37°C in a 5% CO, in air atmosphere
until they are ready to be subcultured.

3. If the cells are not attached, aseptically remove the entire contents of the flask and centrifuge at
125 x g for 5 to 10 minutes. Remove shipping medium and save. Resuspend the pelleted cells in 10
mL of this medium and add to 75 cm? flask. Recommended use of Corning® T-75 flasks (catalog
#430641). Incubate at 37°C in a 5% CO, in air atmosphere until cells are ready to be subcultured.

§ Subculturing Procedure

Volumes are given for a 75 cm? flask. Corning® T-75 flasks (catalog #430641) are recommended for
subculturing this product. Increase or decrease the amount of dissociation medium needed proportionally for
culture vessels of other sizes.
1. Remove and discard culture medium.
2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA solution to remove all traces of
serum that contains trypsin inhibitor.
3. Add 2.0 to 3.0 mL of Trypsin-EDTA solution to flask and observe cells under an inverted microscope
until cell layer is dispersed (usually within 5 to 15 minutes).
Note: To avoid clumping do not agitate the cells by hitting or shaking the flask while waiting for the
cells to detach. Cells that are difficult to detach may be placed at 37°C to facilitate dispersal.
4. Add 6.0 to 8.0 mL of complete growth medium and aspirate cells by gently pipetting.
5. Add appropriate aliquots of the cell suspension to new culture vessels.
6. Incubate cultures at 37°C.
Subcultivation Ratio: A subcultivation ratio of 1:4 to 1:6 is recommended
Medium Renewal: Twice per week

* Cryopreservation Medium

Complete growth medium described above supplemented with 5% (v/v) DMSO. Cell culture tested DMSO is
available as ATCC Catalog No. 4-X.

g Comments

The cells express 3-hydroxy-3-methylglutaryl-CoA reductase and hepatic triglyceride lipase activities.

The cells demonstrate decreased expression of apoA-l mMRNA and increased expression of catalase mRNA in
response to gramoxone (oxidative stress).

There is no evidence of a Hepatitis B virus genome in this cell line.

In addition to the hepatocellular carcinoma or hepatoma cell line based on the original publication (PubMed:
6248960), HepG2 is also referred as hepatoblastoma cell line (PubMed: 19751877).

E References

References and other information relating to this product are available online at www.atcc.org.

’Q‘ Biosafety Level: 1

Appropriate safety procedures should always be used with this material. Laboratory safety is discussed in
the current publication of the Biosafety in Microbiological and Biomedical Laboratories from the U.S.
Department of Health and Human Services Centers for Disease Control and Prevention and National Institutes
for Health.

ATCC Warranty

ATCC® products are warranted for 30 days from the date of shipment, and this warranty is valid only if the
product is stored and handled according to the information included on this product information sheet. If the
ATCC® product is a living cell or microorganism, ATCC lists the media formulation that has been found to be
effective for this product. While other, unspecified media may also produce satisfactory results, a change in
media or the absence of an additive from the ATCC recommended media may affect recovery, growth and/or
function of this product. If an alternative medium formulation is used, the ATCC warranty for viability is no
longer valid.
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ATCC

Product Sheet

Hep G2 [HEPG2] (ATCC® HB-
8065™)

Please read this FIRST

e Temy
liquid nitrogen
vapor phase

Intended Use

This product is intended for research use only. It is not
intended for any animal or human therapeutic or
diagnostic use.

Complete Growth Medium

The base medium for this cell line is ATCC-formulated
Eagle's Minimum Essential Medium, Catalog No. 30-
2003. To make the complete growth medium, add the
following components to the base medium: fetal bovine
serum to a final concentration of 10%.

Citation of Strain

If use of this culture results in a scientific publication, it
should be cited in that manuscript in the following
manner: Hep G2 [HEPG2] (ATCC® HB-8065™)

American Type Culture Collection
PO Box 1549
Manassas, VA 20108 USA

www.atcc.org
800.638.6597 or 703.365.2700

Fax: 703.365.2750
Email: Tech@atcc.org

Or contact your local distributor

Page 3 of 3

Disclaimers

This product is intended for laboratory research purposes only. It is not intended for use in humans.

While ATCC uses reasonable efforts to include accurate and up-to-date information on this product sheet,
ATCC makes no warranties or representations as to its accuracy. Citations from scientific literature and
patents are provided for informational purposes only. ATCC does not warrant that such information has been
confirmed to be accurate.

This product is sent with the condition that you are responsible for its safe storage, handling, and use. ATCC
is not liable for any damages or injuries arising from receipt and/or use of this product. While reasonable effort
is made to insure authenticity and reliability of materials on deposit, ATCC is not liable for damages arising from
the misidentification or misrepresentation of such materials.

Please see the enclosed Material Transfer Agreement (MTA) for further details regarding the use of this
product. The MTA is also available on our Web site at www.atcc.org

Additional information on this culture is available on the ATCC web site at www.atcc.org.
© ATCC 2018. All rights reserved. ATCC is a registered trademark of the American Type Culture Collection. [08/17]
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Appendix 3 — H4IIE Cell Line Data Sheet

ATCC

Product Sheet

H-4-II-E (ATCC® CRL-1548™)

Please read this FIRST

Intended Use

This product is intended for research use only. It is not
intended for any animal or human therapeutic or
diagnostic use.

Complete Growth Medium

The base medium for this cell line is ATCC-formulated
Eagle's Minimum Essential Medium, Catalog No. 30-
2003. To make the complete growth medium, add the
following components to the base medium: fetal bovine
serum to a final concentration of 10%.

Citation of Strain

If use of this culture results in a scientific publication, it
should be cited in that manuscript in the following
manner: H-4-II-E (ATCC® CRL-1548™)

American Type Culture Collection
PO Box 1549

Manassas, VA 20108 USA
www.atcc.org

800.638.6597 or 703.365.2700

Fax: 703.365.2750
Email: Tech@atcc.org

Or contact your local distributor

Page 1 of 2

e Description

Organism: Rattus norvegicus, rat
Tissue: liver

Disease: hepatoma
Morphology: epithelial

Growth Properties: adherent

e Batch-Specific Information

Refer to the Certificate of Analysis for batch-specific test results.

A SAFETY PRECAUTION

ATCC highly recommends that protective gloves and clothing always be used and a full face mask always be
worn when handling frozen vials. Itis important to note that some vials leak when submersed in liquid nitrogen
and will slowly fill with liquid nitrogen. Upon thawing, the conversion of the liquid nitrogen back to its gas
phase may result in the vessel exploding or blowing off its cap with dangerous force creating flying debris.

‘} Unpacking & Storage Instructions

1. Check all containers for leakage or breakage.
2. Remove the frozen cells from the dry ice packaging and immediately place the cells at a temperature
below -130°C, preferably in liquid nitrogen vapor, until ready for use.

‘} Handling Procedure for Frozen Cells

To insure the highest level of viability, thaw the vial and initiate the culture as soon as possible upon receipt. If
upon arrival, continued storage of the frozen culture is necessary, it should be stored in liquid nitrogen vapor
phase and not at -70°C. Storage at -70°C will result in loss of viability.

1. Thaw the vial by gentle agitation in a 37°C water bath. To reduce the possibility of contamination, keep
the O-ring and cap out of the water. Thawing should be rapid (approximately 2 minutes).

2. Remove the vial from the water bath as soon as the contents are thawed, and decontaminate by
dipping in or spraying with 70% ethanol. All of the operations from this point on should be carried out
under strict aseptic conditions

3. Itis recommended that the cryoprotective agent be removed immediately. Centrifuge the cell
suspension at approximately 125 x g for 5 to 10 minutes. Discard the supernatant and resuspend the
cell pellet in an appropriate amount of fresh growth medium.

4. Transfer the cell pellet to an appropriate size vessel. Itis important to avoid excessive alkalinity of the
medium during recovery of the cells. It is suggested that, prior to the addition of the vial contents, the
culture vessel containing the growth medium be placed into the incubator for at least 15 minutes to
allow the medium to reach its normal pH (7.0 to 7.6).

5. Incubate the culture at 37°C in a suitable incubator. A 5% CO, in air atmosphere is recommended if
using the medium described on this product sheet.

A Handling Procedure for Flask Cultures

The flask was seeded with cells (see specific batch information) grown and completely filled with medium at
ATCC to prevent loss of cells during shipping.

1. Upon receipt visually examine the culture for macroscopic evidence of any microbial contamination.
Using an inverted microscope (preferably equipped with phase-contrast optics), carefully check for
any evidence of microbial contamination. Also check to determine if the majority of cells are still
attached to the bottom of the flask; during shipping the cultures are sometimes handled roughly and
many of the cells often detach and become suspended in the culture medium (but are still viable).

2. If the cells are still attached, aseptically remove all but 5 to 10 mL of the shipping medium. The
shipping medium can be saved for reuse. Incubate the cells at 37°C in a 5% CO, in air atmosphere
until they are ready to be subcultured.

3. If the cells are not attached, aseptically remove the entire contents of the flask and centrifuge at
125 x g for 5 to 10 minutes. Remove shipping medium and save. Resuspend the pelleted cells in 10
mL of this medium and add to 25 cm? flask. Incubate at 37°C ina 5% CO, in air atmosphere until cells
are ready to be subcultured.

§ Subculturing Procedure
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ATCC

Product Sheet

H-4-1-E (ATCC® CRL-1548™)

Please read this FIRST

Intended Use

This product is intended for research use only. It is not
intended for any animal or human therapeutic or
diagnostic use.

Complete Growth Medium

The base medium for this cell line is ATCC-formulated
Eagle's Minimum Essential Medium, Catalog No. 30-
2003. To make the complete growth medium, add the
following components to the base medium: fetal bovine
serum to a final concentration of 10%.

Citation of Strain

If use of this culture results in a scientific publication, it
should be cited in that manuscript in the following
manner: H-4-II-E (ATCC® CRL-1548™)

American Type Culture Collection
PO Box 1549
Manassas, VA 20108 USA

www.atcc.org
800.638.6597 or 703.365.2700

Fax: 703.365.2750
Email: Tech@atcc.org

Or contact your local distributor

Page 2 of 2

Remove medium, and rinse with 0.25% trypsin, 0.03% EDTA solution. Remove the solution and add an
additional 1 to 2 mL of trypsin-EDTA solution. Allow the flask to sit at room temperature (or at 37°C) until the
cells detach. Add fresh culture medium, aspirate and dispense into new culture flasks.

Subcultivation Ratio: A subcultivation ratio of 1:2 to 1:4 is recommended

Medium Renewal: Every 2 to 3 days

# Cryopreservation Medium

Complete growth medium described above supplemented with 5% (v/v) DMSO.
Cell culture tested DMSO is available as ATCC Catalog No. 4-X.

¢ Comments

The line has been cured of Mycoplasma arginini contamination.

E References

References and other information relating to this product are available online at www.atcc.org.

’Q\ Biosafety Level: 1

Appropriate safety procedures should always be used with this material. Laboratory safety is discussed in
the current publication of the Biosafety in Microbiological and Biomedical Laboratories from the U.S.
Department of Health and Human Services Centers for Disease Control and Prevention and National Institutes
for Health.

ATCC Warranty

ATCC® products are warranted for 30 days from the date of shipment, and this warranty is valid only if the
product is stored and handled according to the information included on this product information sheet. If the
ATCC® product is a living cell or microorganism, ATCC lists the media formulation that has been found to be
effective for this product. While other, unspecified media may also produce satisfactory results, a change in
media or the absence of an additive from the ATCC recommended media may affect recovery, growth and/or
function of this product. If an alternative medium formulation is used, the ATCC warranty for viability is no
longer valid.

Disclaimers

This product is intended for laboratory research purposes only. It is not intended for use in humans.

While ATCC uses reasonable efforts to include accurate and up-to-date information on this product sheet,
ATCC makes no warranties or representations as to its accuracy. Citations from scientific literature and
patents are provided for informational purposes only. ATCC does not warrant that such information has been
confirmed to be accurate.

This product is sent with the condition that you are responsible for its safe storage, handling, and use. ATCC
is not liable for any damages or injuries arising from receipt and/or use of this product. While reasonable effort
is made to insure authenticity and reliability of materials on deposit, ATCC is not liable for damages arising from
the misidentification or misrepresentation of such materials.

Please see the enclosed Material Transfer Agreement (MTA) for further details regarding the use of this
product. The MTA is also available on our Web site at www.atcc.org

Additional information on this culture is available on the ATCC web site at www.atcc.org.
© ATCC 2018. All rights reserved. ATCC is a registered trademark of the American Type Culture Collection. [08/17]
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Appendix 4 — Amplex Red Glucose/Glucose Oxidase Assay Kit Data Sheet

Molecular Probes”

detection technol

éinvitrogen

g’

Amplex® Red Glucose/Glucose Oxidase Assay Kit

Table 1. Contents and storage information.

Material Amount Concentration Storage Stability
Amplex® Red reagent .
(Component A, blue cap, fe\:al-sr'\ : ::c‘;g o NA
MW = 257) 9
DMSO, anhydrous
(Component B, green cap) 700 WL NA
5X reaction buffer S8 mL 0.25 M sodium
(Component C, white cap) phosphate, pH 7.4
. <-20°C When stored as directed, kit
Horseradish peroxidase T0U* NA « Desiccate components should remain
(Component D, yellow cap) « Protect from light stable for at least 6 months.
Glucose oxidase 100U + NA
(Component E, orange cap)
p-Glucose (Component F,
black cap, MW = 180) 9 L
; —_
Hydrogen peroxide (H,0,) 200 L In a stabilized ~3%

(Component G, red cap)

solution tt

* 1 unit (V) is defined as the amount of enzyme that will form 1.0 mg purpurogallin from pyrogallol in 20 seconds at pH 6.0 at 20°C.
1 1 unit (V) is defined as the amount that will oxidase 1.0 umole of B-p-glucose to pb-gluconolactone and H,0, per minute at pH 5.1 and
30°C. t1 The actual concentration is indicated on the label.

Number of labelings: Each kit provide sufficient reagents for approximately 500 assays using either a fluorescence or absorbance
microplate reader and reaction volumes of 100 pL per assay.

Approximate fluorescence excitation/emission maxima: 571/585 nm for reaction product

Introduction

The Amplex® Red Glucose/Glucose Oxidase Assay Kit A22189) provides a sensitive one-step
method for detecting glucose or glucose oxidase. The Amplex® Red reagent (10-acetyl-3,7-
dihydroxyphenoxazine) is a colorless, stable, and extremely versatile peroxidase substrate.

Because peroxidase- and glucose oxidase—mediated reactions can be coupled,'? it is possible
to measure glucose oxidase activity or the release of glucose by any glucosidase enzyme—for
instance, -glucosidase and glucocerebrosidase—in either a continuous or discontinuous assay.
This assay should also be very useful for quantitation of glucose levels in foods, fermentation
media, and bodily fluids.

Revised: 22-May-2006 | MP 22189
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In the assay, glucose oxidase reacts with p-glucose to form p-gluconolactone and H,O,.

In the presence of horseradish peroxidase (HRP), the H,O, then reacts with the Amplex®
Red reagent in a 1:1 stoichiometry to generate the red-fluorescent oxidation product,
resorufin.® Resorufin has fluorescence excitation and emission maxima of approximately
571 nm and 585 nm, respectively (Figure 1), and because the extinction coefficient is high
(54,000 cm™'M™), the assay can be performed either fluorometrically or spectrophotometri-
cally. Furthermore, at these long wavelengths, there is little interference from autofluores-
cence found in most biological samples. With the Amplex® Red Glucose/Glucose Oxidase
Assay Kit, we have detected as little as 3 uM D-glucose (Figure 2) and 0.05 mU/mL glucose
oxidase (Figure 3).

)

Excitation (
Emission (- -)

T T T T T
450 500 550 600 650 700

Wavelength (nm)

Figure 1. Normalized fluorescence excitation and emission spectra of resorufin, the product of the Amplex® Red
reaction.
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Figure 2. Detection of glucose using the Amplex® Red Glucose/Glucose Oxidase Assay Kit (A22189). Reactions con-
taining 50 pM Amplex® Red reagent, 0.1 U/mL HRP, 1 U/mL glucose oxidase and the indicated amount of glucose in
50 mM sodium phosphate buffer, pH 7.4, were incubated for 37°C. Fluorescence was then measured with a fluorescence
microplate reader using excitation at 530 + 12.5 nm and fluorescence detection at 590 + 17.5 nm. Background fluores-
cence (201 arbitrary units), determined for a no—glucose control reaction, has been subtracted from each value. The
inset shows the sensitivity and linearity of the assay at low levels of glucose.

Amplex® Red Glucose/Glucose Oxidase Assay Kit | 2
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Before You Begin
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Figure 3. Detection of glucose oxidase using the Amplex® Red Glucose/Glucose Oxidase Assay Kit (A22189). Reactions
containing 50 pM Amplex® Red reagent, 0.1 U/mL HRP, 10 mM glucose and the indicated amount of glucose oxidase in
50 mM sodium phosphate buffer, pH 7.4, were incubated for 30 minutes at 37°C. Fluorescence was measured with a fluo-
rescence microplate reader using excitation at 530 + 12.5 nm and fluorescence detection at 590 + 17.5 nm. Background
fluorescence (19 arbitrary units), determined for a no-glucose oxidase control reaction, has been subtracted from each
value. The inset shows the assay’s sensitivity at low levels of glucose oxidase.

Amplex® Red Reagent
Restrictions

Preparing the Stock Solutions

1.1

1.2

Allow reagents to warm to room temperature before opening vials. The Amplex® Red reagent
is somewhat air sensitive. Once a vial of Amplex® Red reagent is opened, the reagent should
be used promptly. PROTECT THE AMPLEX® RED REAGENT FROM LIGHT

Please note the following restrictions on the use of the Amplex® Red reagent. The Amplex® Red
reagent is unstable in the presence of thiols such as dithiothreitol (DTT) and 2-mercapto-
ethanol. The final concentration of DTT or 2-mercaptoethanol in the reaction should be no
higher than 10 pM. The Amplex® Red reagent is also unstable at high pH (>8.5). Furthermore,
the absorption and fluorescence of the reaction product, resorufin, are pH-dependent. Below
the pK, (~6.0), the absorption maximum shifts to ~480 nm and the fluorescence quantum
yield is markedly lower. For these reasons, the reactions should be performed at pH 7-8. The
provided reaction buffer, pH 7.4, is recommended.

Prepare a 10 mM stock solution of Amplex® Red reagent. Allow one vial of Amplex® Red
reagent (Component A, blue cap) and DMSO (Component B, green cap) to warm to room
temperature. Just prior to use, dissolve the contents of the vial of Amplex® Red reagent in 60 pL
of DMSO. Each vial of Amplex® Red reagent is sufficient for approximately 100 assays, with a
final reaction volume of 100 pL per assay.

Prepare 1X Reaction Buffer. Add 4 mL of 5X Reaction Buffer (Component C, white cap) to
16 mL of deionized water (dH,0). This 20 mL volume of 1X Reaction Buffer is sufficient for
approximately 100 assays of 100 pL each with a 10 mL excess for making stock solutions.

Amplex® Red Glucose/Glucose Oxidase Assay Kit | 3
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Experimental Protocol

1.3

1.4

1.5

1.6

Prepare a 10 U/mL stock solution of horseradish peroxidase (HRP). Dissolve the contents
of the vial of HRP (Component D, yellow cap) in 1 mL of 1X Reaction Buffer. After the assay,
any remaining unused solution should be divided into single-use aliquots and stored frozen
at <-20°C.

Prepare a 100 U/mL glucose oxidase stock solution. Dissolve the contents of the vial of
glucose oxidase (Component E, orange cap) in 1.0 mL of 1X Reaction Buffer. This stock
solution should be stored frozen at <-20°C.

Prepare a 400 mM (72 mg/mL) glucose stock solution. Weigh out a portion of glucose
(Component F, black cap), and dissolve it in the appropriate amount of 1X Reaction Buffer

Prepare a 20 mM H,0, working solution. Dilute the ~3% H,0, stock solution (Compo-
nent G, red cap) into the appropriate volume of 1X Reaction Buffer. The actual concentration
of H,0, is indicated on the label. For instance, a 20 mM H,0O, working solution can be pre-
pared from a 3.0% (0.88 M) H,0, stock solution by diluting 22.7 pL of 3.0% H,0O, into 977 pL
of 1X Reaction Buffer.

Note: Although the ~3% H,0, stock solution has been stabilized to slow degradation, the
20 mM H,0O, working solution prepared in this step will be less stable and should be used
promptly.

Glucose Assay

2.1

2.2

2.3

2.4

The following procedure is designed for use with a fluorescence or absorbance microplate
reader. For use with a standard fluorometer, volumes must be increased accordingly.

The following protocol describes the assay of glucose in a total volume of 100 pL per micro-
plate well. The volumes recommended here are sufficient for ~100 assays. The kit provides
sufficient material for ~500 assays.

Prepare a glucose standard curve. Dilute the appropriate amount of the 400 mM glucose
stock solution (prepared in step 1.5) into 1X Reaction Buffer to produce glucose concentrations
of 0 to 200 pM, each in a volume of 50 puL. Be sure to include a no-glucose control. Final glucose
concentrations will be twofold lower (e.g., 0 to 100 pM).

If no standard curve is to be used, prepare positive and negative controls. For a glucose-
positive control, dilute the 400 mM glucose stock solution (prepared in step 1.5) to 200 pM
in 1X Reaction Buffer. For an H,0,-positive control, dilute the 20 mM H,0, working solution
(prepared in step 1.6) to 10 pM in 1X Reaction Buffer. For a negative control, use 1X Reaction
Buffer without H,O,.

Dilute the glucose-containing samples in 1X Reaction Buffer. A volume of 50 pL will be
used for each reaction. A variable dilution will be required depending on the total glucose
present in the sample. In the first trial the samples should be serially diluted to determine the
optimal amount of sample for the assay.

Note: Extremely high levels of glucose (e.g., 500 pM, final concentration) can produce lower
fluorescence than moderately high levels (e.g., 100 uM), because excess H,0, resulting from
the reaction of glucose with glucose oxidase can oxidize the reaction product, resorufin, to

nonfluorescent resazurin.

Load the samples. Pipet 50 pL of the standard curve samples, controls, and experimental
samples into individual wells of a microplate.

Amplex® Red Glucose/Glucose Oxidase Assay Kit | 4
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Glucose Oxidase Assay

2.5

2.6

2,7

2.8

2.9

3.1

3.2

3.3

3.4

Prepare a working solution of 100 pM Amplex® Red reagent, 0.2 U/mL HRP and 2 U/mL
glucose oxidase. Mix the following:

+ 50 pL of 10 mM Amplex® Red reagent stock solution (prepared in step 1.1)
+ 100 pL of 10 U/mL HRP stock solution (prepared in step 1.3)

+ 100 pL of 100 U/mL glucose oxidase stock solution (prepared in step 1.4)
+ 4.75 mL of 1X Reaction Buffer

This 5 mL volume is sufficient for ~100 assays. Note that the final concentration of each com-
ponent will be twofold lower in the final reaction volume.

Begin the reactions. Add 50 pL of the Amplex® Red reagent/HRP/glucose oxidase working
solution to each microplate well containing the standards, controls, and samples.

Incubate the reactions. Incubate at room temperature for 30 minutes, protected from light.
Because the assay is continuous (not terminated), fluorescence or absorbance may be mea-
sured at multiple time points to follow the kinetics of the reactions.

Measure the fluorescence or absorbance. Use a microplate reader equipped for excitation
in the range of 530-560 nm and fluorescence emission detection at ~590 nm, or for absor-
bance at ~560 nm (see Figure 1).

Correct for background fluorescence or absorbance. For each point, subtract the value
derived from the no-glucose control.

The following protocol describes the assay of glucose oxidase in a total volume of 100 pL per
microplate well. The volumes here are sufficient for ~100 assays. The kit provides sufficient
material for ~500 assays.

Prepare a glucose oxidase standard curve. Dilute the appropriate amount of 100 U/mL
glucose oxidase stock solution (prepared in step 1.4) into 1X Reaction Buffer (prepared in
step 1.2) to produce glucose oxidase concentrations of approximately 0 to 10 mU/mL glucose
oxidase, each in a volume of 50 pL. Be sure to include a no—glucose oxidase control. Please
note that final glucose oxidase concentrations will be twofold lower (e.g., 0 to 5 mU/mL).

If no standard curve is to be used, prepare positive and negative controls. For a glucose
oxidase—positive control, dilute the 100 U/mL glucose oxidase stock solution (prepared in
step 1.4) to 10 mU/mL in 1X Reaction Buffer. For an H,0, positive control, dilute the 20 mM
H,0, working solution to 10 uM in 1X Reaction Buffer. For a negative control, use 1X Reac-
tion Buffer without H,O,.

Dilute the glucose oxidase—containing samples in 1X Reaction Buffer. A volume of 50 pL
will be used for each reaction. A variable dilution will be required depending on the total
glucose oxidase present in the sample. In the first trial, the samples should be serially diluted
to determine the optimal amount of sample for the assay. Note that extremely high levels of
glucose oxidase (e.g., 50 mU/mL, final concentration) can produce lower fluorescence than
moderately high levels (e.g., 10 mU/mL), because excess H,0O, resulting from the reaction of
glucose with glucose oxidase can oxidize the reaction product, resorufin, to nonfluorescent
resazurin.

Load the samples. Pipet 50 pL of the standard curve samples, controls and experimental
samples into individual wells of a microplate.

Amplex® Red Glucose/Glucose Oxidase Assay Kit | 5
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3.5 Prepare a working solution of 100 pM Amplex® Red reagent, 0.2 U/mL HRP, and 100 mM
glucose. Mix the following:

+ 50 pL of 10 mM Amplex® Red reagent stock solution (prepared in step 1.1)
+ 100 pL of 10 U/mL HRP stock solution (prepared in step 1.3)

+ 1.25 mL of 400 mM glucose stock solution (prepared in step 1.5)

+ 3.60 mL of 1X Reaction Buffer

This 5 mL volume is sufficient for ~100 assays. Note that the final concentration of each
component will be twofold lower in the final reaction volume.

3.6 Begin the reactions. Add 50 pL of the Amplex® Red reagent/HRP/glucose working solution
to each microplate well containing the standards, controls, and samples.

3.7 Incubate the reactions. Incubate at room temperature for 30 minutes, protected from light.
Because the assay is continuous (not terminated), fluorescence or absorbance may be mea-
sured at multiple time points to follow the kinetics of the reactions.

3.8 Measure the fluorescence or absorbance. Use a microplate reader equipped for excitation in
the range of 530—-560 nm and fluorescence emission detection at ~590 nm (see Figure 1), or
for absorbance at ~560 nm.

3.9 Correct for background fluorescence or absorbance. For each point, subtract the value
derived from the no—glucose oxidase control.

References

1. Proc SPIE-Intl Soc Opt Eng 3606, 119 (1999); 2. Anal Biochem 253, 162-168 (1997); 3. J Immunol Methods 202, 133 (1997).

Product List current prices may be obtained from our website or from our Customer Service Department.

Cat #
A22189
A12222
A22177
A36006
R363

Product Name Unit Size
Amplex® Red Glucose/Glucose Oxidase Assay Kit *500 @S5ayS5¥ . ... ....uuuunitiintt ittt ettt et aieeeaas 1 kit
AMPIEXT REA FBAGENT ...ttt ettt ettt ettt et et e e et et e et a e e e e e e e e e e e e e e 5mg
Amplex® Red reagent *packaged for high-throughput SCreening® . ........oiiiiiitit et eeeineeaees 10x 10 mg
AMPleX UItraRed reag et s s i o L i e R S T T e B S S A T T e e e S T W e e B S T e 5x1mg
resorufin, Soditiin salt *reference Standard’ . vosmssotsoaie w8 e S T S AR AL T 100 mg
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Appendix 5 — Bioline TRIsure RNA Lysis Kit Data Sheet

TRIsure™

Catalog Numbers

Storage and Stability:
TRIsure is shipped at room temperature. For optimal performance, we recommend to store at +4°C.

Expiry:
When stored under the recommended conditions and handled correctly, full activity is retained until the expiry

TRisure BIO-38032 100ml date on the outer box label.
TRIsure BIO-38033 200ml Safety Precautions:
Toxic in contact with skin. Toxic if swallowed. Causes burns. Please refer to the material safety data
Batch No.: See vial sheet for information regarding hazards and safe handling practice.
BIOLINE e ‘ @
Signal word : DANGER
A Meridian Life Science® Company Store at +4°C Notes:
Research Use Only.
Features Applications
®  Quick isolation of high-quality total RNA DNA and/or and pro- e  Purified RNA is ideal for any downstream application such as

RT-PCR, in vitro translation, Northern blotting, RNase protection
assays or dot blot hybridization

e  Purified DNA can be used for PCR and Southern blotting
e Purified protein can be used for Western blotting

tein from a single sample
e Performs well with large or small amounts of tissue or cells
e Ready-to-use solution

Description

TRIsure™ is a complete, ready-to-use reagent for the isolation of total RNA DNA and protein from cells and tissues. Using TRIsure a biological sample is
homogenized or lysed before being separated into three phases: an aqueous phase (upper), an organic phase (lower) and an interphase. The RNA is
extracted from the aqueous phase by isopropyl alcohol precipitation. The highly effective RNase inhibitory property of TRIsure protects the integrity of the
RNA during lysis and results in the isolation of high-quality material. DNA is precipitated from the organic layer with ethanol. Protein is precipitated from the
phenol-ethanol supernatant by isopropy! alcohol precipitation.

1ml of TRIsure is sufficient to isolate RNA and DNA from 1 x 107 cells or 100mg of tissue. The table below presents typical yields of RNA and DNA from

various starting materials.

Starting material Quantity RNA DNA
Mouse liver 1mg 2-5ug 3-4ug
Mouse kidney 1mg 5-10ug 3-4ug
epithelial cells 1x 10° cells 8-15ug 5-Tug
cell fibroblasts 1 x 10° cells 20-25ug 5-7ug

Protocol for the isolation of RNA using TRIsure
Reagents required (not supplied):

Chloroform

Isopropy! alcohol (chilled)

75% ethanol (in DEPC-treated water)

DEPC-treated water (BIO-38030) or PCR water (BIO-37080)

1. Homogenization

Tissue:

Homogenize tissue samples in 1 ml of TRIsure per 50-100mg of tissue.
For small quantities of tissue (1-10mg), add 800ul of TRIsure. For
samples of fat tissue, a layer of fat may accumulate at the top, which
should be removed.

Plant tissue

Following homogenization, insoluble material is removed by centrifugation
at 12,000 x g for 10 minutes at 4°C. Transfer the cleared homogenate to a
fresh tube.

Cells Grown on Monolayer:
Lyse cells directly in a culture dish or flask by adding 1ml of TRIsure per

10cm? growth area, pipette the cell lysate several times to ensure
sufficient cell disruption.

Cells Grown in Suspension:

Pellet cells at 200 x g for 5 minutes at room temperature. Lyse cells with
1 ml of TRIsure per 5 x 10° cells and pass the lysate several times
through a pipette tip. For small quantities of cells (10? -10°), lyse cells in
800ul of TRIsure.

Note: At this stage, samples can be stored for at least one month at -70°C.

2. Phase Separation

Incubate samples for 5 minutes at room temperature. Add 0.2 ml of

chloroform per 1 ml of TRIsure used. Cap tubes securely and shake
vigorously by hand for 15 seconds.

Incubate samples for 3 minutes at room temperature. Centrifuge samples
at 12,000 x g for 15 minutes (or 2600 x g for 30 minutes) at 4°C. The
sample will separate into a pale green, organic phase, an interphase and
a colorless upper aqueous phase that contains the RNA.

The aqueous phase is removed for RNA extraction.
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3. RNA Precipitation

Transfer the aqueous phase very carefully, without disturbing the interphase
to another tube. Precipitate the RNA by mixing with cold isopropyl alcohol.
Use 0.5 ml of isopropyl alcohol per 1 ml of TRIsure used. Incubate samples
for 10 minutes at room temperature then centrifuge at 12,000 x g for 10
minutes (or 2600 x g for 30 minutes) at 4°C.

Note: For small quantities of cells, RNase-free Co-precipitant Pink (BIO-37075) can be
added to the aqueous phase before addition of isopropyl alcohol to aid RNA
precipitation. Add 5-10pg of Co-precipitant per 800u/ of TRIsure.

4. RNA Wash

Remove the supernatant. Wash the pellet once with 75% ethanol, adding at
least 1 ml of ethanol per 1 ml of TRIsure used. Vortex samples and
centrifuge at 7500 x g for 5 minutes at 4°C.

Note: At this stage, samples can be stored for one week at 4°C, or 12 months at -20°C.

5. Re-dissolving the RNA

Air-dry the pellet and dissolve in PCR water or DEPC-treated water by
pipetting the solution up and down. Incubate for 10 minutes at 60°C if
necessary. Store RNA at -70°C.

Protocol for the isolation of DNA using TRIsure

Reagents required (not supplied):

100% ethanol

0.1M sodium citrate in 10% ethanol

75% ethanol

8mM NaOH

DEPC-treated water or PCR water

After homogenization and phase separation the upper aqueous phase is
removed for optional RNA precipitation, leaving the interphase and the
organic phase for subsequent isolation of DNA and protein.

Note: The interphase and organic phase can be stored overnight at 4°C.
1. DNA Precipitation

Remove any remaining aqueous phase overlying the interphase (step 3 of
the RNA isolation protocol). Add 0.3ml of 100% Ethanol per 1ml or TRIsure
used, and mix samples by inversion. Leave samples at room temperature for
3 minutes, then centrifuge at 2000 x g for 5 minutes at 4°C.

Note: At this stage, samples can be stored for at least one month at 4°C.

Website: www.bioline.com email: info@bioline.com
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2. DNA Wash

Remove the supernatant to waste or retain for protein isolation. Wash the
DNA pellet, with 1ml of 0.1M sodium citrate in 10% ethanol per 1ml of
TRIsure used and mix for 30 minutes at room temperature. Centrifuge
samples at 2000 x g for 5 minutes at 4°C. Two washes are usually
sufficient, however for large pellets containing >200ug of DNA an
additional wash may be necessary.

Following the washing, adding 1.5ml of 75% ethanol per 1ml of TRIsure
used. Mix for 20 minutes at room temperature, then centrifuge samples at
2000 x g for 5 minutes at 4°C.

3. Re-dissolving the DNA

Air-dry the pellet for 15 minutes. Resuspend the pellet in 8mM NaOH
Remove any insoluble material by centrifugation at 12000 x g for 10
minutes and then transfer the supernatant to another tube.

Note: Samples dissolved in 8mM NaOH can be stored overnight at 4°C. For long-

term storage, adjust the pH to 7.5 and adjust the EDTA concentration to TmM. Store
at -20°C.

Protocol for the isolation of protein using TRIsure

Reagents required (not supplied):

° Isopropy! alcohol

° 0.3M Guanidine hydrochloride in 95% ethanol
° Ethanol

° 1% SDS

Troubleshooting Guide

Problem ‘ Possible Cause

Interphase/organic phase pipetted

1.  Protein Precipitation

To the retained supernatant (step 2 of the DNA isolation protocol) add 1.5ml
of isopropyl alcohol per 1ml of TRIsure used. Mix samples for 10 minutes at
room temperature the centrifuge at 12000 x g for 10 minutes at 4°C.

2. Protein Wash

Remove supernatant and wash the protein pellet twice. To wash the protein
pellet add 2ml of 0.3M guanidine hydrochloride in 95% ethanol per 1ml of
TRIsure used. Mix for 20 minutes at room temperature then centrifuge at
7500 x g for 5 minutes at 4°C.

Note: At this stage, samples can be stored for at least one month at 4°C, or 12 months
at -20°C.

Following the washing steps, add 2ml of ethanol and vortex. Mix for 20
minutes at room temperature then centrifuge at 7500 x g for 5 minutes at
4°C.

Note: At this stage, samples can be stored for at least one month at 4°C, or 12 months
at -20°C.

3. Re-dissolving the Protein

Vacuum dry the protein pellet for 5-10 minutes. Dissolve in 1% SDS by
pipetting up and down. For difficult samples incubate at 50°C. Remove any
insoluble material by centrifugation at 10000 x g for 10 minutes at 4°C and
then transfer the supernatant to another tube. Store protein at -20°C.

References:
Chomczynski, P. and Sacchi, N. Anal. Biochem. 162, 156. (1987)
Chomczynski, P. Biotechniques 15, 532. (1993)

’ Recommendation

DNA contamination
or
RNA contamination

up with aqueous phase

Do not attempt to draw off the entire aqueous layer after phase separation.

Insufficient removal of the aqueous
phase from the organic phase

Remove remnants of the aqueous phase prior to DNA precipitation.

Insufficiently wash of the DNA
pellet

Make sure pellet is washed with 0.1 M sodium citrate in 10% ethanol.

Low RNA yield

Insufficient homogenisation or lysis
of samples

Decrease the amount of starting material. Mince tissues into smaller pieces and make sure it
is completely immersed in TRIsure for optimal lysis.

Insufficient solubilization of RNA,
DNA or protein pellet

Increase the solubilization rate by pipetting the sample repeatedly, heat the sample to 60°C.

Loss of pellet

If starting sample is small, the pellet may not be easily visualized after precipitation, so care
must be taken when removing the supernatant from the pellet.

RNA is degraded,
DNA is degraded, or
protein is degraded.

Samples were not immediately
processed or frozen after collection

Sample must be processed or frozen immediately after collection.

Isolated RNA, DNA or protein
preparations were stored at the
incorrect temperature

Store RNA samples at —80°C. Store DNA and protein samples at —20°C.

RNase contamination

Protocol must be carried out carefully in a DNA-free, RNase-free environment. Addition of
RNase Inhibitor to the extracted RNA sample can help prevent degradation of the sample.

Insufficient volume of TRIsure

Ensure that 1 ml TRIsure per 10cm? area of cells or 5 x 10° cells is used. If problem persists,
increase TRIsure volume by 1.5 x.

Low Ageorzeo for RNA Contamination of interphase layer Pipette off the aqueous phase very carefully. It is important that none of the white interphase
during separation of the RNA- is transferred into your RNA sample, so we recommend that you leave the lower part of the
containing aqueous layer aqueous phase intact.

LowAgqugfar Dita: | Fheol was notstfficiently Wash the DNA pellet one additional time in 0.1 M sodium citrate in 10% ethanol.

removed from the DNA preparation

Technical Support
If the troubleshooting guide does not solve the difficulty you are

Associated Products
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Appendix 6 — Bioline Tetro cDNA Synthesis Kit Data Sheet

Tetro cDNA Synthesis Kit

Shipping: On Dry/Blue Ice

Catalog numbers

BIO-65042 : 30 reactions

Batch No.: See vial

BIOLINE

BIO-65043 : 100 reactions

Store at -20°C

Storage and stability:

Tetro cDNA Synthesis Kit is shipped on dry/blue ice. All kit components should be stored at -20°C
upon receipt. Excessive freeze/thawing is not recommended.

Expiry:

When stored under the recommended conditions and handled correctly, full activity of the kit is
retained until the expiry date on the outer box label.

Quality Control:

Tetro cDNA Synthesis Kit and its components are extensively tested for activity, processivity,
efficiency, sensitivity, absence of nuclease contamination and absence of nucleic acid contami-
nation.

Unit definitions:

Reverse Transcriptase: One unit catalyzes the incorporation of 1nmole of dTTP into acid-
insoluble material in 10 minutes at 37°C in 50 mM Tris-HCI, pH 8.6, 40mM KCI, 1mM MnSO,,
1mM DTT, and 0.5mM [3H]TTP, using 200uM oligo(dT)+,-1s-primed poly(A), as template.

RNase Inhibitor: One unit inhibits 5ng of RNase A by 50%.

Safety precautions:

Harmful if swallowed. Irritating to eyes, respiratory system and skin. Please refer to the material
safety data sheet for information regarding hazards and safe handling practice.

@ Signal word: WARNING

Notes:
For research use only.

Description

The Tetro cDNA Synthesis Kit contains all the necessary components to generate cDNA from an RNA template. The generated cDNA is
suitable for PCR with gene-specific primers or for other downstream applications. The kit contains MMLV Reverse Transcriptase and is
suitable for first strand cDNA synthesis, cDNA library construction, and the production of templates for RT-PCR amplification.

The Tetro cDNA Synthesis Kit is optimized for RT reactions using a wide range of total RNA amounts (100pg-2ug), such that long and low
abundance cDNAs can be detected by amplification after cONA synthesis. The Kit contains oligo (dT)4s and random hexamer primers. The

dNTPs included in the kit are manufactured by Bioline and are 99% pure.

Components

Product Name 30 reactions | 100 reactions

5x RT Buffer 120pl 400l
(200u/pl) Reverse Transcriptase 30pl 100p!
(10u/pl) RNase Inhibitor 30pl 100pl
dNTP Mix 10mM Total 30ul 100l
Oligo (dT)qg Primer Mix 30pl 100pl
Random Hexamer Primer Mix 30ul 100p!
DEPC-treated Water 1.8ml 1.8ml

Tetro cDNA Synthesis Kit Reaction Guidelines

Template Quality

. Intact, high-quality RNA is essential for the reverse-transcription
reaction.

. All reagents for use with RNA must be prepared using DEPC-treated
water (BIO-38030).

. The inclusion of an RNase Inhibitor protein can reduce template
degradation and increase yield of PCR product.

. Low-copy-number genes may require an increase in starting material.

. Use a suitable RNA extraction reagent e.g. TRIsure™ (BIO-38032) or
ISOLATE Il RNA Mini Kit (BIO-52072).

Primer Design and Concentration
There are three methods for priming cDNA synthesis:

. Oligo dT Primers
Oligo dT priming uses the poly-A tail found on the 3’ end of most
eukaryotic mRNAs. This ensures that the 3’ end of MRNAs are
represented, although long mRNAs can have their 5’ ends under-
represented in the subsequent cDNA pool.

. Random Hexamers
Random priming gives random coverage to all regions of the RNA to
generate a cDNA pool containing various lengths of cDNA. Random
priming is unable to distinguish between mRNA and other RNA species
present in the reaction.

. Gene Specific Primers (GSP)
Gene specific primers are designed to generate cDNA for a specific
gene of interest. It is a widely used method for performing One-Step
RT-PCR when only 1 gene is under investigation. It can be useful
when RNA concentrations are low (use at 0.4puM/reaction).

A combination of Oligo dT and Random Hexamers primers can improve

the reverse transcription efficiency of some mRNA templates.
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Reaction Recommendations and Optimization

. The use of RNase-free plasticware and tips is essential.

. We recommend using a final volume of 20pl.

- Prepare all reactions on ice. i

- Efficient reverse-transcription can be achieved at temperatures of 37 C
to 45 C for 30-60 min.

. The use of higher incubation temperatures up to 48'C may increase
the yield of cDNA synthesized in cases of complex RNA secondary
structure. However, the yield of the majority of RNA molecules will be
reduced.

Tetro cDNA Synthesis Kit Protocol

1. Vortex solutions and centrifuge briefly before use.
2. Prepare the priming premix on ice in an RNase-free reaction tube:

Total RNA (up to 5pg) or mRNA (up to 5ug) npl
Primer: Oligo (dT):s or Random Hexamer (or GSP) 1ul
10mM dNTP mix 1pl
5x RT Buffer 4pl
RiboSafe RNase Inhibitor pl
Tetro Reverse Transcriptase (200u/pl) 1ul
DEPC-treated water* to 20pl *

Available separately (see Associated Products)

3. Mix gently by pipetting.

4. Incubate samples at 45°C for 30 min. If using random hexamers,
incubate at 10 min at 25°C followed by 45 C for 30 min.

5. Terminate reaction by incubating at 85°C for 5 min, chill on ice.

6. Store reaction at —20'C for long term storage, or proceed to PCR
immediately.

This protocol is intended for use as a guide only; conditions will vary from
reaction to reaction and may need optimization.

Website: www.bioline.com/ email: info@bioline.com




Troubleshooting

Problem

Possible Cause

Recommendation

No cDNA synthesis

RNA degraded

Analyze RNA on a denaturing gel to verify integrity.
Ensure that all reagents are RNase-free.

RNA contained an RT inhibitor

The presence of inhibitors can be determined by mixing a control RNA with some of the sam-
ple and comparing the yield with that of the original amplification. Remove inhibitors such as
SDS, EDTA, formamide and pyrophosphate, by ethanol precipitation of RNA, including a 70%
ethanol wash step.

Reaction temperature not
optimal

Perform a temperature-gradient experiment ranging from 37-48'C.

Not enough starting RNA

Increase the amount of starting RNA, this can be an important factor when amplifying low-copy
genes from total RNA.

RNA had high secondary
structure

Prior to reaction set-up, denature RNA with primers. Raise the temperature of the RT step, up to a
maximum of 48°C (for short amplicons).

Insufficient product

Increase reverse transcription step to 60 minutes

Poor Specificity in
PCR

Non-specific annealing of
primers to template

Use gene-specific primers rather than Oligo dT or random hexamers in RT reaction.
Increase the annealing temperature in PCR.

Check for presence of pseudogenes.

Set up reactions on ice.

Primer dimers

Redesign primers to prevent self-annealing.

Genomic DNA contamination

Treat RNA with DNase | and re-purify. If possible, use intron-spanning primers in PCR.

Product in no-RTase
control

Template contaminated with
DNA

Treat samples with DNase |.

Technical Support:

If the troubleshooting guide does not solve the difficulty you are
experiencing, please contact Technical Support with details of
reaction setup, cycling conditions and relevant data.

Email: tech@bioline.com

Product Citations:
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. Skarratt, K. K. et al. J. Microbiol. Methods 96: 99-100 (2014).

. Liying, C. et al. Leukemia 27(4): 813-822 (2013).
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Appendix 7 — KAPA Biosystems SYBR Fast qPCR Master Mix (2x) Data Sheet

23 KAPABIOSYSTEMS TricalDwm e

KAPA SYBR® FAST gPCR Kit
Master Mix (2X) Universal
KR0389 - v9.13

Product Description

KAPA SYBR® FAST qPCR Master Mix is designed for
high performance real-time PCR. The kit contains a novel
DNA polymerase engineered via a process of molecular
evolution. The result is a unique enzyme, specifically
designed for gPCR using SYBR® Green | dye chemistry.

KAPA SYBR® DNA Polymerase has been engineered
to perform optimally in stringent real-time quantitative
PCR (gPCR) reaction conditions, exhibiting dramatic
improvements in signal-to-noise ratio (fluorescence),
quantification cycle (C,), linearity, and sensitivity. The
KAPA SYBR® DNA Polymerase and proprietary buffer
system improves the amplification efficiency of difficult
targets, including both GC- and AT-rich templates.

KAPA SYBR® FAST gPCR Master Mix (2X) Universal is a
ready-to-use cocktail containing all components except
primers and template, for the amplification and detection
of DNA in qPCR. The KAPA SYBR® FAST gPCR Kit is
supplied as a 2X Master Mix with integrated antibody-
mediated hot start, SYBR® Green | fluorescent dye, MgCl,,
dNTPs and stabilizers. ROX reference dye is not included
in the 2X Master Mix but is supplied separately.

Product Applications
KAPA SYBR® FAST gPCR Kits are ideally suited for:

* Gene expression analysis
* Low copy gene detection
¢ Absolute quantification of NGS libraries.

Product Specifications

Shipping and Storage

Upon arrival, store kit components protected from
light at -20 °C in a constant-temperature freezer. When
stored under these conditions and handled correctly, the
Master Mix (2X) will retain full activity until the expiry date
indicated on the kit label.

Handling

Minimize exposure of the Master Mix (2X) to direct light.
Exposure to direct light for an extended period of time
may result in loss of fluorescent signal intensity. Always
ensure that the product has been fully thawed and mixed
before use.

Quality Control

KAPA SYBR® FAST qPCR Master Mix (2X) is free of
contaminating DNase and RNase. It is functionally tested
by generating a standard curve with human genomic
DNA as template, with a dynamic range of 5 orders of
magnitude, a reaction efficiency of 90 — 110% and a
correlation coefficient >0.99.

Effective date: October 2013
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Kit Codes and Components

KAPA SYBR® FAST Master Mix (2X)
KK4600 Universal

100 x 20 i gPCR Master Mix (2X) -1 x 1 ml
reactions ROX Reference Dye High (50X) — 1 x 200 pl
ROX Reference Dye Low (50X) — 1 x 200 pl

KAPA SYBR® FAST Master Mix (2X)
KK4601 Universal

500 x 20 pl gPCR Master Mix (2X) -1 x5 ml
reactions ROX Reference Dye High (50X) — 1 x 200 pl
ROX Reference Dye Low (50X) — 1 x 200 pl

KAPA SYBR® FAST Master Mix (2X)
KK4602 Universal

1000 x 20 pl | 9PCR Master Mix (2X) =2 x 5 ml
reactions ROX Reference Dye High (50X) — 2 x 200 pl
ROX Reference Dye Low (50X) — 2 x 200 pl

Quick Notes

e This kit contains an engineered enzyme optimized
for gPCR using SYBR® Green | dye chemistry.

e The 2X Master Mix contains a proprietary buffer.
Together with the novel enzyme, this improves
amplification efficiency of both GC- and AT-rich
targets.

e 20 sec initial denaturation at 95 °C is sufficient for
enzyme activation. When working with complex
templates, an initial denaturation of 3 min is
recommended.

e For two-step cycling, use 20 sec combined
annealing/extension/data acquisition.

e Do not exceed 25 pl reaction volumes.

ROX

Instrument Reference Dye

Applied Biosystems® 5700, 7000,
7300, 7700, 7900HT, StepOne™, and ROX High
StepOnePlus™

Applied Biosystems® 7500, ViiA™7,
QuantStudio™ 12K Flex, Agilent ROX Low
Mx3000P™, Mx3005P™, and Mx4000™

Rotor-Gene™, DNA Engine Opticon™,
Opticon™ 2, Chromo 4™ Real-Time
Detector, Mastercycler® ep realplex,
Smart Cycler®, Roche LightCycler®
480, Roche LightCycler® Nano,
Bio-Rad CFX96, and lllumina Eco™

No ROX




KAPA SYBR® FAST qPCR Kit
Master Mix (2X) Universal

Technical Data Sheet

KAPA SYBR® FAST qPCR Protocol

Any existing gPCR assay performed efficiently using
standard cycling conditions may be converted to a
fast gPCR assay with KAPA SYBR® FAST gPCR Kits.
Typically, minimal re-optimization of reaction parameters
is required.

Step 1: Prepare the gPCR master mix

e Ensure all reaction components are properly thawed
and mixed.

e Prepare a PCR master mix containing the appropriate
volume of all reaction components common to all or a
subset of reactions to be performed.

e (Calculate the required volume of each component
based on the following table:

Component 20 pl rxn’ Final conc.
PCR-grade water Up to 20 pl N/A

2X KAPA SYBR® FAST

gPCR Master Mix? 10 pl 1X
Universal

10 pM Forward Primer 0.4 pl 200 nM
10 pM Reverse Primer 0.4 pl 200 nM
Template DNA3 As required <20 ng
el T Y X

" Reaction volumes may be adjusted between 5 - 25 pl. Reaction
volumes >25 pl are not recommended.

2 KAPA SYBR® FAST gPCR Master Mix contains MgCl, at a final
concentration of 2.5 mM.

3 Do not exceed 20 ng per 20 pl reaction. For more information,
refer to Important Parameters: Template.

4 The use of ROX dye is necessary for all Applied Biosystems®
instruments and is optional for the Agilent Mx3000P™,
Mx3005P™, and Mx4000™ cyclers. Bio-Rad/MJ Research,
Cepheid, Corbett/Qiagen, Eppendorf, lllumina and Roche
instruments do not require ROX dye.

Step 2: Set up individual reactions

e Transfer the appropriate volumes of gPCR master mix,
template and primers to each well of a PCR tube/plate.

e Cap or seal the reaction tube/plate and centrifuge
briefly.

Step 3: Run the gPCR

e |f applicable, select fast mode on the instrument.

e Confirm that gPCR protocol to be used conforms to
the following parameters:

Step Temperature Duration Cycles
Enzyme o int

aehvation 95°C 3 min Hold
Denaturation 95°C 1-3sec

Annealing/ 40
extension/ 60 °C > 20 sec?

data acquisition®

Dissociation According to instrument guidelines

120 sec at 95 °C is sufficient time for enzyme activation; however,
optimal denaturation of complex targets may require up to 3 min
denaturation.

2 Select shortest time possible for instrument, but not less than
20 sec.

3 For 3-step cycling protocols, anneal at optimal annealing
temperature for 20 sec followed by the minimum time required
for data acquisition at 72 °C according to instrument guidelines.

Note: The above cycling parameters are not optimal
for gPCR-based quantification of next-generation
sequencing libraries. Please refer to the protocol in the
KAPA Library Quantification Kit Technical Data Sheet.

Step 4: Analyze the results

e Melt curve analysis should be performed to identify the
presence of primer-dimers and analyze the specificity
of the reaction. Program your thermocycler according
to the instrument guidelines.

e Data analysis is dependent on experimental design.
Refer to your instrument guidelines for more information
on how to perform the appropriate data analysis.

Important Parameters
Template

High concentrations of template may increase background
fluorescence and reduce linearity of standard curves. For
optimal quantitative results, use up to 20 ng of genomic
DNA or plasmid DNA per 20 pl reaction (for smaller
volumes, the amount of template should be decreased
proportionally). For two-step RT-PCR, use either undiluted
or diluted cDNA generated from up to 1 pg of total RNA.
The volume of the cDNA (reverse transcription reaction
product) should not exceed 10% of the final PCR volume
(e.g. fora 20 pl gPCR reaction, use up to 2.0 pl of undiluted
cDNA).



KAPA SYBR® FAST gPCR Kit
Master Mix (2X) Universal

Technical Data Sheet

Important Parameters (continued)
Primers

Careful primer design and purification (HPLC-purified
primers are recommended) will minimize loss in sensitivity
due to nonspecific amplification. This effect becomes
more prominent at low target concentrations. To maximize
the sensitivity of the assay, use the lowest primer
concentration determined not to compromise reaction
efficiency (50 — 400 nM of each primer). For optimal results,
design primers that amplify PCR products 60 — 400 bp in
length. Use appropriate primer design software to design
primers with a melting temperature (T,,) of approximately
60 °C, to take advantage of two-step cycling. If performing
qRT-PCR, we recommend designing primers specifically
for amplification of cDNA derived from mRNA. This
prevents amplification of contaminating genomic DNA
and inaccurate quantification of mRNA.

KAPA SYBR® DNA Polymerase

KAPA SYBR® DNA Polymerase is an engineered version of
Tag DNA polymerase, designed specifically for real-time
PCR using SYBR Green | chemistry. KAPA SYBR® DNA
Polymerase displays no enzymatic activity at ambient
temperature. This prevents the formation of misprimed
products and primer-dimers during reaction setup, prior
to the first denaturation step, and results in high PCR
specificity and accurate quantification. The enzyme is
activated during the initial denaturation step of the PCR.
The activation of the enzyme is complete after 20 sec;
however, complex targets may require up to 3 min for
optimal denaturation. The hot start feature obviates the
need to cool reactions during setup.

ROX Reference Dye

For certain real-time cyclers, the presence of ROX
reference dye compensates for non-PCR-related
variations in fluorescence detection. The fluorescence
level of ROX reference dye does not change significantly
during the course of real-time PCR, but provides a
stable baseline against which PCR-related fluorescent
signals are normalized. Thus, ROX dye compensates for
differences in fluorescence detection between wells due
to slight variations in reaction volume or differences in
well position. The presence of ROX dye in the master mix
does not interfere with real-time PCR on any instrument,
since the dye is not involved in the reaction and has an
emission spectrum different from that of SYBR® Green |I.

SYBR® Green |

KAPA SYBR® FAST gPCR Master Mix (2X) contains an
elevated, optimized concentration of the fluorescent dye,
SYBR® Green |. High signal intensities are achieved as
a result of increased tolerance to high concentrations
of SYBR® Green | by the engineered KAPA SYBR® DNA
Polymerase. SYBR® Green | binds all double-stranded
DNA molecules, emitting a fluorescent signal on binding.

Magnesium chloride

The KAPA SYBR® FAST qPCR Master Mix contains an
optimized MgClI, concentration. It is highly unlikely that
additional MgCl, will improve reaction efficiency or
specificity.

Note to Purchaser: Limited License

Certain applications of this product are covered by patents issued to
parties other than Kapa Biosystems and applicable in certain countries.
Purchase of this product does not include a license to perform any such
applications. Users of this product may therefore be required to obtain a
patent license depending upon the particular application and country in
which the product is used.

Use of this product is covered by one or more of the following US
patents and corresponding patent claims outside the US: 5,994,056,
6,171,785, and 5,928,907 (claim numbers 12-24, 27-28). The purchase
of this product includes a limited, non-transferable immunity from suit
under the foregoing patent claims for using only this amount of product
for the purchaser’s own internal research. No right under any other
patent claim (such as apparatus or system claims in US Patent No.
6,814,934) and no right to perform commercial services of any kind,
including without limitation reporting the results of purchaser’s activities
for a fee or other commercial consideration, is conveyed expressly,
by implication, or by estoppel. This product is for research use only.
Diagnostic uses under Roche patents require a separate license from
Roche. Further information on purchasing licenses may be obtained by
contacting the Director of Licensing, Applied Biosystems, 850 Lincoln
Centre Drive, Foster City, California 94404, USA.

This product is provided under an agreement between Life Technologies
Corporation. and Kapa Biosystems Inc., and the manufacture, use, sale
or import of this product is subject to one or more of U.S. Patent Nos.
5,436,134; 5,658,751 and corresponding international equivalents,
owned by Life Technologies Corporation. The purchase of this product
conveys to the buyer the non-transferable right to use the purchased
amount of the product and components of the product in research
conducted by the buyer, where such research does not include
testing, analysis or screening services for any third party in return for
compensation on a per test basis. The buyer cannot sell or otherwise
transfer (a) this product (b) its components or (c) materials made using
this product or its components to a third party or otherwise use this
product or its components or materials made using this product or its
components for Commercial Purposes. Commercial Purposes means
any activity by a party for consideration and may include, but is not
limited to: (1) use of the product or its components in manufacturing; (2)
use of the product or its components to provide a service, information,
or data; (3) use of the product or its components for therapeutic,
diagnostic or prophylactic purposes; or (4) resale of the product or
its components, whether or not such product or its components are
resold for use in research. For information on purchasing a license to
this product for purposes other than research, contact Life Technologies
Corporation, 5791 Van Allen Way, Carlsbad, CA 92008 USA or

outlicensing@lifetech.com.

Licensed under U.S. Patent nos. 5,338,671 and 5,587,287 and
corresponding patents in other countries.

The purchase of this product includes a limited, non-transferable license
under specific claims of U.S. Patent Nos. 6,174,670, 6,569,627 and
5,871,908, owned by the University of Utah Research Foundation or
Evotec Biosystems GmbH and licensed to Idaho Technology, Inc. and
Roche Diagnostics GmbH, to use only the enclosed amount of product
according to the specified protocols. No right is conveyed, expressly, by
implication, or by estoppel, to use any instrument or system under any
claim of U.S. Patent Nos. 6,174,670, 6,569,627 and 5,871,908, other
than for the amount of product contained herein.

Applied Biosystems®, SYBR®, PRISM®, GeneAmp®, ViiA™, QuantStudio™,
StepOne™, and StepOnePlus™ are trademarks or registered trademarks
of Life Technologies Corporation. iCycler®, Mx3000P™, Mx3005™,
Mx4000™, Rotor-Gene™, DNA Engine Opticon™, Chromo 4™,
LightCycler®, Smart Cycler®, and Eco™ are trademarks or registered
trademarks of their respective companies.



KAPA SYBR® FAST qPCR Kit
Master Mix (2X) Universal

Technical Data Sheet

Troubleshooting

Symptoms

Possible Causes

Solutions

Positive signal in no-template
control (NTC)

Presence of secondary,
nonspecific peak in melt
curve of sample

Reasons for a positive signal in a NTC
and/or nonspecific amplifcation are often due
to multiple factors that include:

1. Contamination
2. Primer-dimer formation due to:

* Incorrect cycling protocol

e Sub-optimal primer annealing tempera-
ture (often due to differences between
qPCR systems)

e Primer and/or template degradation.
Primers should be stored and diluted
in 10 mM Tris-HCI (pH 8.0 — 8.5), not in
PCR-grade water)

e Sub-optimal primer synthesis

e Sub-optimal primer design

Perform melt curve analysis (or run qPCR
products on a gel) to determine if the product
is specific or nonspecific (primer-dimer).

If the NTC contains a specific product, the
assay is contaminated:

e Discard all reagents, clean all pipettes
and surfaces and prepare fresh stocks of
primer, etc.

Note: The increased sensitivity of KAPA
SYBR® FAST qPCR Kits may result in the
detection of low levels of contamination in
assays considered contaminant-free when
using competitor kits containing wild-type Tag
DNA polymerase.

If the NTC and/or sample contains nonspecific
product, assay optimization may be required:

e 30 sec combined annealing/extension
time is recommended for most assays.
Longer times may result in nonspecific
amplification.

e Increase the combined annealing/
extension temperature in increments
of 3 °C.

e Decrease primer concentration.

e Resynthesize or redesign primers. HPLC
purified primers are recommended for low
copy number detection, and often results
in reduced primer-dimer formation.

Low fluorescence intensity

Incorrect handling

Incorrect concentration of ROX reference
dye

SYBR® Green | dye is light sensitive; avoid
exposure to light and repeated freeze-thaw
cycles. Always thaw and mix solutions
thoroughly before use.

If the incorrect concentration of ROX reference
dye is added to the master mix, the normalized
signal may be lower than expected (if too
much ROX has been added), or higher than
expected (if too little ROX has been added). If
using ABI instrumentation, analysis of the raw
signal can always be performed with the ROX
filter switched off.

Melting temperature of
specific product is different
from competitor kit

Differences in the buffer composition (e.g.
salt concentration) of gPCR master mixes

Differences in master mix formulation may
affect the melting temperature of the product
slightly. A particular DNA fragment will melt
at a higher temperature in a reaction buffer
containing a higher salt concentration.

For technical support please contact:
support@kapabiosystems.com

ABIOSYSTEMS

Boston, Massachusetts, United States

Int. Tel: +1 781 497 2933 Tel: +1 855 KAPA BIO
Fax: +1 781 497 2934

Email: sales@kapabiosystems.com

Cape Town, South Africa
Tel: +27 21 448 8200 Fax: +27 21 448 6503
Email: sales@kapabiosystems.com



Appendix 8 — Altromin 1320 M Maintenance Diet Data Sheet (Normal Diet)
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1320 M
Maintenance diet for mice
Available as

1321 M - Powder 1324 M - 10mm pellets 1328 M - Hybridpellet

Product variations

The 1320 M formula is optionally also available in one or a combination of the following variants.

Variant P

deficient in phytoestrogens
Variant Fortified

autoclavable, increased vitamin content, coated on request
Variant Irradiated

irradiated with 5 to 50kGy

The contents may vary for these variants.

Metabolized energy

Content Value
Fat 496 (15%)
Protein 823 (24%)
Carbonhydrates 2,067 (61%)
crude nutrients and moisture
Content Value
Moisture 111,756  (11.2%)
Crude Ash 58,708  (5.9%)
Crude Fibre 40,304  (4.0%)
Crude Fat 55,116  (5.5%)
Crude Protein 205,829 (20.6%)
Nitrogenfree extractives 528,287 (52.8%)
Carbonhydrates

Content Value
Monosaccharides 0
Disaccharides 51,201
Polysaccharides 374,856

Altromin Spezialfutter GmbH & Co. KG

Im Seelenkamp 20, 32791 Lage, Germany

Page 1/4 info@altromin.de - www.altromin.com
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altromin

1320 M - product data sheet

Minerals
Content Value unit
Calcium 7,063 mg/kg
Potassium 9,503 mg/kg
Magnesium 2,151 mg/kg
Sodium 2138 mg/kg
Phosphorus 5,054 mg/kg
Trace elements
Content Value unit
Aluminium 85.94 mg/kg
Chlorine 3,471.79 mg/kg
Iron 191.82 mg/kg
Flourine 3.07 mg/kg
lodine 1.60 mg/kg
Cobalt 0.44 mg/kg
Copper 13.60 mg/kg
Manganese 87.49 mg/kg
Molybdenum 1.29 mg/kg
Sulfur 1,181.92 mg/kg
Selenium 0.26 mg/kg
Zinc 92.72 mg/kg

Altromin Spezialfutter GmbH & Co. KG
Im Seelenkamp 20, 32791 Lage, Germany /’
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Added vitamins

Content Standard Fortified unit
Vitamin A 15,000 26,250 IU/kg
Vitamin D3 600 1,050 IU/kg
Vitamin E 78 134 mg/kg
Vitamin K3 3 5 mg/kg
Vitamin B1 18 32 mg’kg
Vitamin B2 12 21 mg/kg
Vitamin B6 9 16 mg/kg
Vitamin B12 24 42 Ha/kg
Nicotinic acid 36 63 mg/kg
Pantothenic acid 21 37 mg/kg
Folic acid 2 4 mg/kg
Biotin 260 297 Ha/kg
Choline chloride 690 1,140 mg/kg
Vitamin C 36 63 mg/kg
Amino acids
Content Value unit
Alanine 9,061 mg/kg
Arginine 12,898 mg/kg
Aspartic acid 18,224 mg/kg
Cystine 3,289 mg/kg
Glutaminc acid 42,392 mg/kg
Glycine 8,810 mg/kg
Histidine 4,894 mg/kg
Isoleucine 8,528 mg/kg
Leucine 14,926 mg/kg
Lysine 9,601 mg/kg
Methionine 3,332 mg/kg
Phenylalanine 9,403 mg/kg
Proline 13,536 mg/kg
Serine 10,129 mg/kg
Threonine 7,267 mg/kg
Tryptophan 2,667 mg/kg
Tyrosine 6,632 mg/kg
Valine 9,696 mg/kg

Altromin Spezialfutter GmbH & Co. KG
Im Seelenkamp 20, 32791 Lage, Germany /’
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Fatty acid
Content Value unit
Arachidic acid C-20:0 179 mg/kg
Eicosanoic acid C-20:1 224 mg/kg
Alpha-Linolenic acid C-18:3 3,393 mg/kg
Linolenic acid C-18:2 24,731 mg/kg
Palmitic acid C-16:0 6,014 mg/kg
Stearic acid C-18:0 1,816 mg/kg
Oleic acid C-18:1 10,442 mg/kg

Altromin Spezialfutter GmbH & Co. KG
Im Seelenkamp 20, 32791 Lage, Germany /’
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Appendix 9 — Research Diets #D12079B Data Sheet (Western Diet)

Open formula purified diets for lab animals
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Description Formula
RD Western Diet

Product # D12079B gm% kecal%
Used in Research
Obesity Protein 20 17
Diabetes Carbohydrate 50 43
Osteoporosis Fat 21 41
Hypertension Total 100
Atherosclerosis kcal/gm 4.7
Metabolic Syndrome

Ingredient gm keal
Packaging
Product is packed in 12.5 kg box. Casein, 80 Mesh 195 780
Each box is identified with the DL-Methionine 3 12
product name, description, lot
number and expiration date. Corn Starch 50 200

Maltodextrin 10 100 400
Lead Time Sucrose 341 1364
5-7 business days.

Cellulose 50 0
Gamma-Irradiation
Yes. Add 10 days to delivery time. Milk Fat, Anhydrous* 200 1800

Corn Oil 10 90
Form
Pellet, Powder, Liquid Mineral Mix S10001 35 0

Calcium Carbonate 4 0
Shelf Life
Most diets require storage in a cool Vitamin Mix V10001 10 40
dry environment. Stored correctly Choline Bitartrate 9) 0
they should last 6 months.

Cholesterol, USP* 155 0
Control Diets Ethoxyquin 0.04 0
Custom diets available on request.

Total 1001.54 4686

*Anhydrous milk fat typically contains approximately 0.3% cholesterol.

On this basis, D12079B contains approximately 0.21% cholesterol.
Formulated by E. A. Ulman, Ph.D., Research Diets, Inc., October 12, 1995.
Diet formulated to match Teklad Western Diet #TD88137, except that 1%
Corn Oil replaces 1% Butter Fat.

RESEARCH Researéh Diets, nc.

N

-

= 20 Jules Lane
[— New Brunswick, NJ 08901 USA
INC.R.. Tel: 732.247.2390

www.ResearchDiets.com Fax: 732.247.2340
info@researchdiets.com

© 2006 Research Diets, Inc. All rights reserved. D12079B—6-12
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Appendix 10 — Mouse Leptin ELISA Kit Data Sheet

MOUSE LEPTIN ELISA KIT
96-Well Plate (Cat.# EZML-82K)

. INTENDED USE

This kit is used for the non-radioactive quantification of leptin in mouse sera. Plasma
samples may also be used but application to samples of other biological fluids may need
validation by the user. One kit is sufficient to measure 37 unknown samples in duplicate.

For Research Use Only. Not for Use in Diagnostic Procedures.
L. PRINCIPLES OF PROCEDURE

This assay is a Sandwich ELISA based, sequentially, on: 1) binding of leptin in the sample by
a pre-titered antiserum and immobilization of the resulting complexes in the wells of a
microtiter plate, 2) after washing purified biotinylated detection antibody is allowed to bind to
the immobilized leptin, 3) binding of horseradish peroxidase to the immobilized biotinylated
antibodies after free detection antibodies are washed off, 4) wash away of free enzyme
conjugates, and 5) quantification of immobilized antibody-enzyme conjugates by monitoring
horseradish peroxidase activities in the presence of the substrate 3,3,5,5'-
tetramethylbenzidine. The enzyme activity is measured spectrophotometrically by the
increased absorbency at 450 nm, corrected from the absorbency at 590nm, after acidification
of formed products. Since the increase in absorbency is directly proportional to the amount
of captured leptin in the unknown sample, the latter can be derived by interpolation from a
reference curve generated in the same assay with reference standards of known
concentrations of mouse leptin.

L. REAGENTS SUPPLIED
Each kit is sufficient to run one 96-well plate and contains the following reagents:

A. Rat/Mouse Leptin Microtiter Plate
Coated with pre-titered capture antibodies
Quantity: 1 plate
Preparation: Ready to use.
Note: Unused strips should be resealed in the foil pouch with the desiccant
provided and stored at 2-8°C.

B. Adhesive Plate Sealer
Quantity: 2 sheets
Preparation: Ready to use.

C. Rat/Mouse Leptin Antiserum
Pre-titered anti-rodent leptin serum

Quantity: 6 mL
Preparation: Ready to use.

EZML-82K, 27-JUL-2015 EMD MILLIPORE 2
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REAGENTS SUPPLIED (continued)

D.

10X HRP Wash Buffer Concentrate

10X concentrate of 50 mM Tris Buffered Saline containing Tween-20.
Quantity: Two bottles containing 50 mL each

Preparation: Dilute 1:10 with distilled or de-ionized water.

. Mouse Leptin ELISA Standard

Mouse leptin in buffer: 30 ng/mL.
Quantity: 0.5 mL/vial
Preparation: Serial dilution is required

Note: The standard(s) in this kit have been calibrated to an International
Reference standard, NIBSC code # 97/626.

Quality Controls 1 and 2

Various peptides including leptin in QC buffer.
Quantity: 0.5 mL/vial

Preparation: Ready to use.

Rat/Mouse Leptin Matrix Solution
Matrix containing 0.08% Sodium Azide
Quantity: 0.5 mL/vial

Preparation: Ready to use.

Assay Buffer

0.05 M phosphosaline, pH 7.4, containing 0.025 M EDTA, 0.08% sodium azide,
0.05% Triton X-100 and 1% BSA.

Quantity: 40 mL/vial

Preparation: Ready to use.

Rat/Mouse Leptin Detection Antibody
Pre-titered biotinylated anti-mouse leptin antibody.
Quantity: 12 mL/vial

Preparation: Ready to use.

. Enzyme Solution

Pre-titered streptavidin-horseradish peroxidase conjugate in buffer.
Quantity: 12 mL/vial
Preparation: Ready to use.

Substrate (Light Sensitive: avoid unnecessary exposure to light)
3, 3',5,5'-tetramethylbenzidine in buffer.

Quantity: 12 mL/vial

Preparation: Ready to use.

. Stop Solution (Caution: Corrosive Solution)

0.3 M HCI
Quantity: 12 mL/vial
Preparation: Ready to use.

EZML-82K, 27-JUL-2015 EMD MILLIPORE 3
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STORAGE AND STABILITY
Recommended storage for kit components is 2 - 8°C.

All components are shipped and stored at 2-8°C. Once opened, liquid standards and
controls can be stored up to 30 days at 2-8°C. Refer to expiration dates on all
reagents prior to use. Do not mix reagents from different kits unless they have the
same lot numbers.

REAGENT PRECAUTIONS
A. Sodium Azide

Sodium Azide has been added to certain reagents as a preservative at a concentration
of 0.08%. Although it is at a minimum concentration, Sodium Azide may react with
lead and copper plumbing to form explosive metal azides. Dispose of unused
contents and waste in accordance with international, federal, state, and local
regulations.

B. Hydrochloric Acid
Hydrochloric Acid is corrosive and can cause eye and skin burns. It is harmful if

swallowed and can cause respiratory and digestive tract burns. Avoid contact with
skin and eye. Do not swallow or ingest.

Note: See Full Labels of Hazardous components on next page.

EZML-82K, 27-JUL-2015 EMD MILLIPORE 4
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Full Labels of Hazardous components:

Ingredient, Cat #

Full Label

Rat Leptin Detection
Antibody

E1083

Warning. Causes serious eye
irritation. IF IN EYES: Rinse cautiously
with water for several minutes. Remove
contact lenses, if present and easy to
do. Continue rinsing.

Mouse Leptin Quality
Control 1 & 2

E6082-K

Warning. Causes serious eye
irritation. IF IN EYES: Rinse cautiously
with water for several minutes. Remove
contact lenses, if present and easy to
do. Continue rinsing.

Mouse Leptin
Standards

E8082-K

Warning. Causes serious eye
irritation. IF IN EYES: Rinse cautiously
with water for several minutes. Remove
contact lenses, if present and easy to
do. Continue rinsing.

Antiserum

EAS83

Warning. Causes serious eye
irritation. IF IN EYES: Rinse cautiously
with water for several minutes. Remove
contact lenses, if present and easy to
do. Continue rinsing.

Wash Buffer
Concentrate

EWB-HRP

Warning. May cause an allergic skin
reaction. Wear protective gloves. IF
ON SKIN: Wash with plenty of soap
and water.

Stop Solution

ET-TMB

QR

Warning. May be corrosive to
metals.

VI. MATERIALS REQUIRED BUT NOT PROVIDED

QN o B =

EZML-82K, 27-JUL-2015
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Pipettes and pipette tips: 10 puL ~ 20 pL and 20 pL ~ 100 pL
Multi-channel Pipettes and pipette tips: 0 ~ 50 uL and 50 ~ 300 uL
Buffer and Reagent Reservoirs
Vortex Mixer
De-ionized Water
Microtiter Plate Reader capable of reading absorbency at 450 nm and 590nm
Orbital Microtiter Plate Shaker
Absorbent Paper or Cloth




Vil. SAMPLE COLLECTION AND STORAGE

1. To prepare serum samples, whole blood is directly drawn into a centrifuge tube that
contains no anti-coagulant. Let blood clot at room temperature for 30 min.

2. Promptly centrifuge the clotted blood at 2,000 to 3,000 x g for 15 minutes at 4 + 2°C.
3. Transfer and store serum samples in separate tubes. Date and identify each sample.

4. Use freshly prepared serum or aliquot and store samples at -20°C for later use. Avoid
multiple (> 3) freeze/thaw cycles.

5. To prepare plasma sample, whole blood should be collected into centrifuge tubes
containing enough KsEDTA to achieve a final concentration of 1.735 mg/mL and
centrifuge immediately after collection. Observe the same precautions in the preparation
of serum samples.

6. If heparin is to be used as anti-coagulant, the effect on the assay outcome at the dose of
heparin used should be pre-determined.

7. Avoid using samples with gross hemolysis or lip.

VIIl. STANDARD PREPARATION
1. Use care in opening the Standard vial.

2. Label seven tubes 1, 2, 3, 4,5, 6 and 7. Add 0.20 mL Assay Buffer to each of
the seven tubes. Prepare serial dilutions by adding 0.20 mL of the 30ng/mL
standard to tube 1, mix well and transfer 0.20 mL of tube 1 to tube 2, mix well
and transfer 0.20 mL of tube 2 to tube 3, mix well and transfer 0.20 mL of tube
3 to tube 4, mix well and transfer 0.20 mL of tube 4 to tube 5, mix well and
transfer 0.20 mL of tube 5 to tube 6, mix well and transfer 0.20 mL of tube 6 to
tube 7 and mix well.

Note: Do not use a Repeater pipette. Change tip for every dilution. Wet tip with
standard before dispensing. Unused portions of standard should be stored at
<-20°C. Avoid multiple freeze/thaw cycles.

Volume of Volume of Standard | Standard
Assay Buffer | to Add Concentration
to Add (ng/mL)

1. 0.5 mL of 30 ng/mL 30.00

2. 0.20 mL 0.2 mL of Tube 1 15.00

3. |10.20mL 0.2 mL of Tube 2 7.50

4. 0.20 mL 0.2 mL of Tube 3 375

5. 0.20 mL 0.2 mL of Tube 4 1.88

6. |0.20mL 0.2 mL of Tube 5 0.94

7. 10.20 mL 0.2 mL of Tube 6 0.47

8. 0.20 mL 0.2 mL of Tube 7 0.23

EZML-82K, 27-JUL-2015 EMD MILLIPORE 6
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IX.

ASSAY PROCEDURE

Pre-warm all reagents to room temperature immediately before setting up the assay.

1.

10.

11.

12.

13.

Dilute the 10X concentrated HRP Wash Buffer 10 fold by mixing the entire contents of
both buffer bottles with 900 mL de-ionized or distilled water.

Remove the required number of strips from the Microtiter Assay Plate. Unused strips
should be resealed in the foil pouch and stored at 2-8°C. Assemble strips in an empty
plate holder and wash each well 3 times with 300 pl of diluted Wash Buffer per wash.
Decant Wash Buffer and remove the residual amount from all wells by inverting the plate
and tapping it smartly onto absorbent towels several times. Do not let wells dry before
proceeding to the next step. If automated machine is used for assay, follow the
manufacturer’s instructions for all washing steps described in this protocol.

Add 30 pL Assay Buffer to Background wells, Standard wells, and QC1 and QC2 wells.
Add 40 pL Assay Buffer to sample wells.

If samples to be assayed are serum or plasma, add 10 puL Matrix Solution to the
Background wells, Standard wells, and QC1 and QC2 wells. If samples are free of
significant serum matrix components, add 10 uL Assay Buffer instead.

Add 10 pL Assay Buffer to the Background wells and add in duplicates 10 uL Mouse
Leptin Standards in the order of ascending concentration to the appropriate wells.

Add 10 uL QC1 and 10 pL QC2 to the appropriate wells.
Add sequentially 10 uL of the unknown samples in duplicate to the remaining wells.

Transfer Antiserum Solution to a reagent reservoir and add 50 pL of this solution to each
well with a multi-channel pipette. Cover the plate with plate sealer and incubate at room
temperature for 2 hours on an orbital microtiter plate shaker set to rotate at moderate
speed, about 400 to 500 rpm.

Remove plate sealer and decant solutions from the plate. Tap as before to remove
residual solutions in well.

Wash wells 3 times with diluted Wash Buffer, 300 ul per well per wash. Decant and tap
after each wash to remove residual buffer.

Add 100 pl Detection Antibody to each well. Cover plate with sealer and incubate with
moderate shaking at room temperature for 1 hour on an orbital microtiter plate shaker set
to rotate at moderate speed, approximately 400-500 rpm.

Remove plate sealer and decant solutions from the plate. Tap as before to remove
residual solutions in well.

Wash wells 3 times with diluted Wash Buffer, 300 uL per well per wash. Decant and tap
after each wash to remove residual buffer.

EZML-82K, 27-JUL-2015 EMD MILLIPORE 7
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IX.

14.

15.

16.

1L

18.

ASSAY PROCEDURE (continued)

Add 100 pL Enzyme Solution to each well. Cover plate with sealer and incubate with
moderate shaking at room temperature for 30 minutes on the micro-titer plate shaker.

Remove plate sealer and decant solutions from the plate. Tap as before to remove
residual solutions in well.

Wash wells 6 times with diluted Wash Buffer, 300 uL per well per wash. Decant and tap
after each wash to remove residual buffer.

Add 100 pL of Substrate solution to each well, cover plate with sealer and shake in the
plate shaker for approximately 5 to 20 minutes. Blue color should be formed in wells of
leptin standards with intensity proportional to increasing concentrations of leptin.

NOTE: Please be aware that the color may develop more quickly or more slowly than
the recommended incubation time depending on the localized room temperature. Please
visually monitor the color development to optimize the incubation time. One can monitor
color development using 370 nm filter, if available on the spectrophotometer. When the
absorbance is between 1.2 and 1.8 at 370 nm, the stop solution can be added to
terminate the color development.

Remove sealer and add 100 pL Stop Solution [CAUTION: CORROSIVE SOLUTION]
and shake plate by hand to ensure complete mixing of solution in all wells. The blue
color should turn into yellow after acidification. Wipe the bottom of the ELISA plate
before reading absorbance at 450 nm and 590 nm in a plate reader. Plate should be
read within 5 minutes to ensure that there are no air bubbles in any well. Record the
difference of absorbance units.

EZML-82K, 27-JUL-2015 EMD MILLIPORE 8
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Assay Procedure for Intact Mouse Leptin ELISA kit (Cat. # EZML-82K)

Step . Step Step Step
Step 1 2 Step 3 Step 4 Step 5-7 Step 8 9-10 Step 11 12-13 Step 14 15-16 Step 17 Step 18
Standards/ ;
Well # Assay Matrix” Controls/ Antiserum Detgctlon o E”ZYF"S Substrate Stop
Buffer Antibody c Solution Solution
Samples £
o
X}
A1, B1 . 40 pL 0ouL | e 50 pL 100 pL 2 100 pL 100 pL 100 pL
] . 5 = ;
5 3 10 pL of £ 8 : 4
q, uL of 0.23 = i 2
ciot | 2 g | oML | 1OML | homlStandard | SOME | Ba o E 2
8 £ 10 pL of 00.47 5 5§ § 3 :
c HL ot 00. = 3 [ o 0
E1, F1 o X § 30 L 1oL ng/mL Standard 5oL g 2 g g E‘ £
2 5 O o = ] =
a £8 10 pL of 0.94 E o o & 5. = S
: ] =]
G1, H1 E RE | SOH 10U | ng/mlL Standard | SOHL - £ g 8 eE £ £
& | &z £a g= ga 2 :
s = 10 pL of 1.88 o< = < - >
A2, B2 £ =% 80 L 1oul ng/mL Standard 50 uL c 8 ] i =8 e 4
s | =% b 33 e ¢ :
2 5] 10 plL of 3.75 24 85 24 2
G2, D2 5 82 30t touL ng/mL Standard 50 uL 3 3 3; E g E E
2 £ § 10 pL of 7.5 ﬁ £ “E’ ] e 2 2
] s s pL of 7. £ ] Q< L <
E2, F2 s Xz 80 L 10wk | hg/mL Standard 50uL § 3 g8 2E = ®
< ° = 3 % S8 © % 2 3
=5 L 10 pL of 15 oo 2= S 5 g
G2, H2 5 o3 souL ol ng/mL Standard SO ﬁ_§ ® E 2 § 3 g
L = - [
2 5 g 55 35 = = @
o S S 10 pL of 30 = °a 2 & a
A3, B3 E = 2 souL oL ng/mL Standard 50 uL 2 3 % I <
£ s 3 35 2 2 3
c3,D3 3 g 30 uL 10 uL 10 uL of QC 1 50 pL K §___> El = o
s | E EE 3 3 3
2 5 =
E3, F3 g n: 30 pL 10 pL 10 uL of QC 2 50 pL g? £
© >
= ]
[=2) Q
G3, H3 40pL | e 10 pL of Sample 50 pL i E
P . )
(2] v y
A4, B4... 40pL | - 10 pL of Sample 50 pL v v
* See Section VIII. Assay Procedure Step 4: If samples are free of significant matrix components, add 10 pL assay buffer instead.
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Xl.  CALCULATIONS

Graph a reference curve by plotting the absorbance unit of 450nm, less unit at 590nm, on the
Y-axis against the concentrations of mouse leptin standard on the X-axis. The dose-
response curve of this assay fits best to a sigmoidal 4- or 5-parameter logistic equation. The
results of unknown samples can be calculated with any computer program having a 4- or 5-
parameter logistic function.

Note: When sample volumes assayed differ from 10 uL, an appropriate mathematical
adjustment must be made to accommodate for the dilution factor (e.g., if 5 pL of sample is
used, then calculated data must be multiplied by 2). When sample volume assayed is less

than 10 pL, compensate the volume deficit with either matrix solution or assay buffer,
whichever is appropriate.

Xl INTERPRETATION

1. If the difference between duplicate results of a sample is >15% CV, repeat the sample.

2. The limit of sensitivity of this assay is 0.05 ng/mL (~3.13 pM) leptin (10 uL sample size).

3. The appropriate range of this assay is 0.23 ng/mL to 30 ng/mL leptin (10 pL sample size).
Any result greater than 30 ng/mL in a 10 pL sample assayed should be repeated on

dilution using either matrix solution or assay buffer, whichever is appropriate, as diluent
until it falls within range.

EZML-82K, 27-JUL-2015 EMD MILLIPORE 11
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Xlll  Graph of Typical Reference Curve

Graph of Typical Reference Curve

B 10.00
]
o
e
(7]
o
a
c 1.00
£
c
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©
% 8 010
-
[=)]
L
E
= 0.01
o 01 1 10
é Mouse Leptin, ng/mL
For Demonstration Only-Do not use for calculations
EZML-82K, 27-JUL-2015 EMD MILLIPORE

150

100

12



XIV  Correlation

Mouse leptin Assays:

Correlation of Results by RIA and ELISA Methods

25
20 - Y = 0.844(X) + 0.236
r=0.987
n=22

ELISA Results, ng/mL

0 Ll 1 1 1
0 5 10 15 20 25

RIA Results, ng/mL

Serum samples from 22 mice were assayed for Leptin using Millipore Mouse
RIA Kit (Cat# ML-82K) and Mouse Leptin ELISA Kit (Cat# EZML-82K).
Correlation of the two kits are derived by linear regression analysis of paired
results from each sample.
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XV. ASSAY CHARACTERISTICS

A. Sensitivity

The lowest level of mouse leptin that can be detected by this assay is 0.05
ng/mL using a 10 pL sample size.

B. Specificity

The specificity (also known as selectivity) of the analytical test is its ability to
selectively measure the analytes in the presence of other like components in the
sample matrix.

Mouse Leptin 100%
Rat Leptin 70%
Human Leptin 9%
Porcine Leptin < 0.05%
Ovine Leptin < 0.05%
Chicken Leptin < 0.05%
Rat Insulin 0%
Rat C-peptide 0%
Human Proinsulin 0%
Bovine Proinsulin 0%
Porcine Proinsulin 0%
Glucagon 0%
Human Ghrelin 0%
C. Precision
Mean Leptin Assay Variation (CV)
Sample Level (ng/mL) | Intra-assay Inter-assay
Number

1 1.66 1.06% 4.59%

2 5.78 1.64% 3.96%

3 17.60 1.76% 3.01%

The assay variations of EMD Millipore Mouse Leptin ELISA kit were studied on three
mouse serum samples with varying concentrations of spiked analyte. The intra-
assay variations are calculated from eight duplicate determinations in an assay. The
inter-assay variations are calculated from results of 6 separate assays with duplicate
samples in each assay.
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XV. ASSAY CHARACTERISTICS (continued)

D. Recovery
Spike and Recovery of Mouse Leptin in Mouse Serum

Serum Mouse Leptin Recovery (%) of
Sample | Added (ng/mL) | Observed (ng/mL) | Spiked Insulin
#
0 1.8 -
Mouse 0.5 1.83 100
Serum 2.0 3.14 91
#1 10.0 10.04 87
0 1.76 -
Mouse 0.5 2.24 96
Serum 2.0 3.49 87
#2 10.0 10.48 87

Mouse leptin at indicated levels was added to two pooled mouse serum samples and the
resulting leptin content of each sample was assayed by ELISA. The % of recovery =
[(observed leptin level after spike - observed leptin level before spike) / spiked level of leptin] x
100%. Mean recovery rate at spiked leptin level of 0.5, 2, and 10 ng/mL is 98%, 89%, and

87%, respectively.

E. Linearity
Effect of Serum Dilution
Leptin Level
Serum | Dilution Observed Expected % Of
Sample | Factor (ng/mL) (ng/mL) Expected
#
- 16.43 100
Mouse 2X 16.42 100
Serum 5x 16.60 16.43 101
#1 10x 17.50 107
20x 17.20 105
- 16.44 100
Mouse 2X 16.56 101
Serum 5x 17.60 16.44 107
#2 10x 17.70 108
20x 18.20 111

Two leptin-spiked pooled mouse serum samples are diluted each with matrix solution to
various degrees as indicated and assayed for leptin levels along with neat samples of each
serum. Measured leptin levels are corrected for dilution factors and reported as observed
leptin level.
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XVI. QUALITY CONTROLS

The ranges for each Quality Control 1 and 2 are provided on the card insert or can be
located at the EMD MILLIPORE website www.emdmillipore.com using the catalog number

as the keyword.

XVIl. TROUBLESHOOTING GUIDE

1. To obtain reliable and reproducible results the operator should carefully read this
manual and fully understand all aspects of each assay step before attempting to

run the assay.

2. Throughout the assay the operator should adhere strictly to the procedures with

good laboratory practice.

3. Have all necessary reagents and equipment ready on hand before starting. Once
the assay has been started all steps should be completed with precise timing and

without interruption.

4. Avoid cross contamination of any reagents or samples to be used in the assay.

5. Make sure that all reagents and samples are added to the bottom of each well.

6. Careful and complete mixing of solutions in the well is critical. Poor assay
precision will result from incomplete mixing or cross well contamination due to

inappropriate mixing.

7. Remove any air bubble formed in the well after acidification of substrate solution
because bubbles interfere with spectrophotometric readings.

8. Do not let the absorbance reading of the highest standard fall beyond the limit of
your microtiterplate reader’s capacity. Adjust the length of substrate incubation

time accordingly.

9. High absorbance in background or blank wells could be due to 1) cross well
contamination by standard solution or sample and 2) inadequate washing of wells

with wash buffer.

XVIIl. REPLACEMENT REAGENTS

Reagents Cat#
Rat/Mouse Leptin Microtiter Plate EP83
Rat/Mouse Leptin Antiserum EAS83
10X HRP Wash Buffer Concentrate EWB-HRP
Mouse Leptin ELISA Standards E8082-K
Quality Controls 1 and 2 E6082-K
Rat/Mouse Leptin Matrix Solution EPS0016
Assay Buffer EAB-PTR
Rat/Mouse Leptin Detection Antibody E1083
Enzyme Solution EHRP-4
Substrate ESS-TMB2
Stop Solution ET-TMB
10-pack of Mouse Leptin ELISA kits EZML-82BK
EZML-82K, 27-JUL-2015 EMD MILLIPORE 16
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Appendix 11 — Mouse Adiponectin ELISA Kit Data Sheet

MOUSE ADIPONECTIN ELISA KIT
96-Well Plate (Cat. # EZMADP-60K)

. INTENDED USE

This Mouse Adiponectin (ACRP30) ELISA kit is used for the non-radioactive
quantification of Mouse Adiponectin in serum, plasma, and adipocyte extracts or cell
culture media samples. This kit has 100% cross reactivity to Mouse Adiponectin. There
is no binding to Mouse Adiponectin globular domain, or to Rat Adiponectin. One kit is
sufficient to measure 38 unknown samples in duplicate. For Research Use Only. Not
for Use in Diagnostic Procedures.

Il. PRINCIPLES OF PROCEDURE

This assay is a Sandwich ELISA based, sequentially, on: 1) concurrent capture of
Mouse Adiponectin molecules from samples to the wells of a microtiter plate coated by
a pre-titered amount of anti- mouse adiponectin monoclonal antibodies, and binding of a
second biotinylated anti- mouse polyclonal antibody to the captured molecules, 2) wash
away of unbound materials from samples, 3) conjugation of horseradish peroxidase to
the immobilized biotinylated antibodies, 4) wash away of free enzyme conjugates, and
5) quantification of immobilized antibody-enzyme conjugates by monitoring horseradish
peroxidase activities in the presence of the substrate 3,3’,5,5’-tetramethylbenzidine.
The enzyme activity is measured spectrophotometrically by the increased absorbency
at 450 nm, corrected from the absorbency at 590nm, after acidification of formed
products. Since the increase in absorbency is directly proportional to the amount of
captured Mouse Adiponectin in the unknown sample, the latter can be derived by
interpolation from a reference curve generated in the same assay with reference
standards of known concentrations of Mouse Adiponectin.

lll. REAGENTS SUPPLIED
Each kit is sufficient to run one 96-well plate and contains the following reagents:

A. Mouse Adiponectin ELISA Plate
Coated with Rat Monoclonal anti-Mouse Adiponectin Antibodies
Quantity: 1 plate
Preparation: Ready to Use
Note: Unused strips should be resealed in the foil pouch with the desiccant provided
and stored at 2-8°C.

B. Adhesive Plate Sealer
Quantity: 1 sheet
Preparation: Ready to Use

EZMADP-60K  18-SEP-2015 EMD Millipore 2
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REAGENTS SUPPLIED (continued)

C. 10X HRP Wash Buffer Concentrate
10X concentrate of 50mM Tris Buffered Saline containing Tween-20.
Quantity: Two bottles containing 50 mL each
Preparation: Dilute 1:10 with distilled or deionized water.

D. Mouse Adiponectin Standard
Mouse Adiponectin, lyophilized.
Quantity: 1mL upon hydration
Preparation: Contents Lyophilized. Reconstitute with 1 mL distilled or deionized
water. The actual concentration of Mouse Adiponectin present in the vial will be lot
dependent. Please refer to the analysis sheet for exact concentration present in a
specific lot.

E. Quality Controls 1 and 2
Purified Recombinant Mouse Adiponectin in Assay Buffer, lyophilized.
Quantity: 1mL/vial upon hydration
Preparation: Contents Lyophilized. Reconstitute with 1 mL distilled or deionized
water.

F. 10X Assay Buffer
Quantity: 50 mL
Preparation: Dilute 1:10 with distilled or deionized water to make 1X assay buffer
(0.05M Phosphosaline containing 0.025M EDTA, 0.08% Sodium Azide, 1% BSA).
Note: Use 1X Assay Buffer to dilute samples (Section VIIl, SAMPLE
PREPARATION) and Standard Curve (SECTION IX, STANDARD AND QUALITY
CONTROL PREPARATION) and in Assay Procedure (SECTION X, ASSAY
PROCEDURE).

G. Mouse Adiponectin Detection Antibody
Pre-titered Biotinylated Goat anti-Mouse Adiponectin Polyclonal Antibody
Quantity: 3.0 mL
Preparation: Ready to Use

H. Enzyme Solution
Pre-titered Streptavidin-Horseradish Peroxidase Conjugate in Buffer
Quantity: 12 mL
Preparation: Ready to Use

I. Substrate (Light sensitive, avoid unnecessary exposure to light)
3, 3, 5, 5'-tetramethylbenzidine in buffer
Quantity: 12 mL
Preparation: Ready to Use.

EZMADP-60K  18-SEP-2015 EMD Millipore 3
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lll. REAGENTS SUPPLIED (continued)

J. Stop Solution (Caution: Corrosive Solution)
0.3 M HCI
Quantity: 12 mL
Preparation: Ready to Use

IV. STORAGE AND STABILITY

Recommended storage for kit components is 2-8°C.

All components are shipped and stored at 2-8°C. Reconstituted standards and
quality controls can be frozen for future use, but repeated freeze thaws should be
avoided. Refer to expiration dates on all reagents prior to use. Do not mix reagents
from different kits unless they have the same lot numbers

V. REAGENT PRECAUTIONS

A. Sodium Azide

Sodium Azide or Proclin has been added to some reagents as a preservative.
Although the concentrations are low, Sodium Azide and Proclin may react with lead
and copper plumbing to form highly explosive metal azides. Dispose of unused
contents and waste in accordance with international, federal, state, and local
regulations

B. Hydrochloric Acid

Hydrochloric Acid is corrosive and can cause eye and skin burns. It is harmful if
swallowed and can cause respiratory and digestive tract burns. Avoid contact with
skin and eyes. Do not swallow or ingest.

Note: See Full Labels of Hazardous components on next page.

EZMADP-60K  18-SEP-2015 EMD Millipore 4
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Full Hazardous Labeling for components in this Kkit:

Ingredient, Cat #

Full Label

Mouse Adiponectin
Quality Controls 1 & 2

E6300-K

Danger. Toxic if swallowed. Toxic to
aquatic life with long lasting effects.
Avoid release to the environment. IF
exposed or concerned: immediately
call a POISON CENTER or doctor/
physician.

Mouse Adiponectin
Standards

E8060-K

Danger. Toxic if swallowed. Toxic to
aquatic life with long lasting effects.
Avoid release to the environment. IF
exposed or concerned: immediately
call a POISON CENTER or doctor/
physician.

Stop Solution

ET-TMB

Warning. May be corrosive to
metals.

10X HRP Wash Buffer
Concentrate

EWB-HRP

QQOPOD

Warning. May cause an allergic skin
reaction. Wear protective gloves. IF
ON SKIN: Wash with plenty of soap
and water.

EZMADP-60K  18-SEP-2015
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VL.

VIL.

MATERIALS REQUIRED BUT NOT PROVIDED

0N GO ke o=

Pipettes and Pipette Tips: 10pL - 20 pL or 20uL - 100 pL
Multi-Channel Pipettes and Pipette Tips: 5 ~ 50 pL and 50 ~ 300 L
Buffer and Reagent Reservoirs

Vortex Mixer

Deionized Water

Microtiter Plate Reader capable of reading absorbency at 450 nm
Orbital Microtiter Plate Shaker

Absorbent Paper or Cloth

SAMPLE COLLECTION AND STORAGE

1.

To prepare serum samples, whole blood is directly drawn into a centrifuge tube
that contains no anti-coagulant. Let blood clot at room temperature for 30 min.

Promptly centrifuge the clotted blood at 2,000 to 3,000 x g for 15 minutes at 4 +
2°C.

Transfer and store serum samples in separate tubes. Date and identify each
sample.

Use freshly prepared serum or aliquot and store samples at <—-20°C for later
use. For long-term storage, keep at -70°C. Avoid freeze/thaw cycles.

. To prepare plasma samples, whole blood should be collected into centrifuge

tubes containing enough KsEDTA to achieve a final concentration of 1.735
mg/mL and centrifuged immediately after collection. Observe the same
precautions in the preparation of serum samples.

If heparin is to be used as an anticoagulant, the effect on the assay outcome at
the dose of heparin used should be pre-determined.

Avoid using samples with gross hemolysis or lipemia.

Vill. SAMPLE PREPARATION

1.

2

Allow all the reagents to come to room temperature.

Dilute serum or plasma samples 1:1000 in 1X Assay Buffer (See Section lll, F).
Cellular extract and culture media dilutions will vary.

a. Make Dilution A by adding 10 pL sample to 990 uL Assay Buffer and vortex.

b. Make Dilution B by adding 100 uL of Dilution A to 900 pL Assay Buffer and
vortexing. Use Dilution B (1:1000) for the assay procedure.

EZMADP-60K  18-SEP-2015 EMD Millipore 6
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IX. STANDARD AND QUALITY CONTROLS PREPARATION

A. Mouse Adiponectin Standard Preparation

1

Use care in opening the lyophilized Standard vial. Using a pipette,
reconstitute the Mouse Adiponectin Standard with 1.0 mL distilled or
deionized water into the vial to give a concentration prescribed in the
analysis sheet. Invert and mix gently, let sit for 5 minutes then mix well.

Label seven tubes 1, 2, 3, 4, 5, 6, and 7. Add 0.5 mL Assay Buffer to
each of the seven tubes. Prepare serial dilutions by adding 0.5 mL of
the reconstituted standard to tube 1, mix well and transfer 0.5 mL of tube
1 to tube 2, mix well and transfer 0.5 mL of tube 2 to tube 3, mix well and
transfer 0.5 mL of tube 3 to tube 4, mix well and transfer 0.5 mL of tube
4 to tube 5, mix well and transfer 0.5 mL of tube 5 to tube 6, mix well and
transfer 0.5 mL of tube 6 to tube 7 and mix well.

Note: Do not use a Repeater pipette. Change tip for every dilution. Wet tip
with Standard before dispensing. Unused portions of reconstituted standard
should be stored at <-20°C. Avoid multiple freeze/thaw cycles.

Volume of Volume of Standard to Standard
Deionized Water Add Concentration ng/mL
to Add
1 mL 0 X

(Refer to analysis
sheet for exact

concentration)
Volume of Assay | Volume of Standard to Standard
Tube # Buffer to Add Add Concentration ng/mL
] 05 mL 0.5 mL of reconstituted X/2
standard
2 0.5 mL 0.5 mL of tube 1 X/4
3 0.5 mL 0.5 mL of tube 2 X/8
4 0.5 mL 0.5 mL of tube 3 X/16
5 0.5 mL 0.5 mL of tube 4 X/32
6 0.5mL 0.5 mL of tube 5 X/64
i 0.5mL 0.5 mL of tube 6 X/128

B. Mouse Adiponectin Quality Control 1 and 2 Preparation

1.

EZMADP-60K

Use care in opening the lyophilized Quality Control vials. Using a pipette,
reconstitute each of the Mouse Adiponectin Quality Control 1 and Quality
Control 2 with 1 mL distilled or deionized water into the vials. Invert and
mix gently, let sit for 5 minutes then mix well.

18-SEP-2015 EMD Millipore 7
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X. ASSAY PROCEDURE
Pre-warm all reagents to room temperature prior to setting up the assay.

Note: Since the standard concentration may vary from lot to lot, please
make sure to change the standard concentration in the template while
reading absorbance in the spectrophotometer.

1. Dilute the 10X Wash Buffer concentrate 10 fold by mixing the entire content of
each bottle of Wash Buffer with 450 mL deionized water (dilute both bottles
with 900 mL deionized water).

2.  Remove the required number of strips from the Microtiter Assay Plate.
Unused strips should be resealed in the foil pouch and stored at 2-8°C.
Assemble the strips in an empty plate holder and wash each well 3 times with
300 pL of diluted Wash Buffer per wash. Decant Wash Buffer and remove
the residual amount from all wells by inverting the plate and tapping it smartly
onto absorbent towels several times. Do not let wells dry before
proceeding to the next step. If an automated machine is used for the
assay, use a gentle wash program for all washing steps described in
this protocol.

3. Add 60 puL Assay Buffer to all wells.
4. Add in duplicate 20 uL Assay Buffer to the blank wells.

5. Add in duplicate 20 uL Mouse Adiponectin Standards in the order of
ascending concentration to the appropriate wells. Add in duplicate 20 pL
QC1 and 20 uL QC2 to the appropriate wells. Add sequentially 20 uL of the
unknown samples in duplicate to the remaining wells

6. Add 20 pL Detection Antibody to all wells. For best result all additions
should be completed within one hour. Cover the plate with plate sealer
and incubate at room temperature for 2 hours on an orbital microtiter plate
shaker set to rotate at moderate speed, approximately 400 to 500 rpm.

7. Remove plate sealer and decant solutions from the plate. Tap as before to
remove residual solutions in the wells.

8. Wash wells 5 times with diluted Wash Buffer, 300 uL per well per wash.
Decant and tap firmly after each wash to remove residual buffer.

9. Add 100 pL Enzyme Solution to each well. Cover plate with sealer and
incubate with moderate shaking at room temperature for 30 minutes on the
microtiter plate shaker.

10. Remove sealer, decant solutions from the plate, and tap plate to remove the
residual fluid.

EZMADP-60K  18-SEP-2015 EMD Millipore 8
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X. ASSAY PROCEDURE (continued)

11.

12.

13.

Wash wells 5 times with diluted Wash Buffer, 300 pl per well per wash.
Decant and tap firmly after each wash to remove residual buffer.

Add 100 pL of Substrate Solution to each well, cover plate with sealer and
shake on the plate shaker for approximately 5 to 20 minutes. Blue color
should be formed in wells of Adiponectin standards with intensity proportional
to increasing concentrations of Adiponectin.

NOTE: Please be aware that the color may develop more quickly or more
slowly than the recommended incubation time depending on the localized
room temperature. Please visually monitor the color development to optimize
the incubation time. One can monitor color development using 370 nm filter,
if available on the spectrophotometer. When the absorbance is between 1.2
and 1.8 at 370 nm, the stop solution can be added to terminate the color
development.

Remove sealer and add 100 pl Stop Solution [CAUTION: CORROSIVE
SOLUTION] and shake plate by hand to ensure complete mixing of solution
in all wells. The blue color should turn to yellow after acidification. Wipe the
bottom of the microtiter plate to remove any residue prior to reading on plate
reader. Read absorbance at 450 nm and 590nm in a plate reader within 5
minutes and ensure that there are no air bubbles in any well. Record the
difference of absorbance units. The absorbance of highest Adiponectin
standard should be approximately 2.2-2.8 or not to exceed the capability of
the plate reader used.

EZMADP-60K  18-SEP-2015 EMD Millipore 9
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Assay Procedure for Mouse Adiponectin ELISA kit (Cat. # EZMADP-60K)

Step 1 Step 2 | Step 34 Step 5 Step6 | Step6-8 | Step9 | Step 10-11 | Step 12 S:ezp Step 13 Step 13
Standards/ ;
Assay Detectio Enzyme
Well # Controls/ : Stop
Buffer Samples n Ab Solution Substrate Solution
A1, B 5 ¥ 80 pL 20 L 100 pL 100 pL 100 pL
: | 3 - g
G101 B 2 | eopL | 20pLofTube? g = 2
N : - o
E1, Fi § E 8 5 g
) .g 5 5 60 pL 20 pL of Tube 6 g E. 5
(=] - -
G1, H1 = . 58 k3 £ g
) E 2 £ 60 pL 20 L of Tube 5 'Eg 5 S E
o om
A2, B2 3 §2 < g < = ]
: £ =L 60 plL 20 L of Tube 4 «c g =8 b o
s 3 E ®s w> Qo =
C2, D2 3 o 0 J o4 5 .
’ £ = 2 60 pL 20 L of Tube 3 3 g 2 g E E
@ £5 = ] €8 S §
E2, F2 e = £ | eouL 20 pL of Tube 2 P - 5 =
n
= @2 82 25 o g
G2, He 3 & | e0uL | 20pLof Tube 1 g 21ia g g
- a3 =a 25 3 £
A3, B3 o S5 g3 =2 = s
’ 2 2s 60 uL 20 L of QC | © I P 2
= ° 'S © -
C3,D3 3 g 2 < 5 g H]
, = 2 60 pL 20 uLof QC Il s < 9 P
& g 2 ) - =
E3,F3 a 2 @ 3 3
, 2 £ 60 uL 20 pL of Sample o« 3
= o
(=]
G3, H3 60uL | 20 pL of Sample
A4, B4
1 60 pL 20 pL of Sample il il v v
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XIl. CALCULATIONS

The dose-response curve of this assay fits best to a sigmoidal 4- or 5-parameter logistic
equation. The results of unknown samples can be calculated with any computer
program having a 4- or 5-parameter logistic function. Final results should be multiplied
by a 1000 dilution factor.

Note: When sample volumes assayed differ from 20 uL, an appropriate mathematical
adjustment must be made to accommodate for the dilution factor (e.g., if 10 uL of
sample is used, then calculated data must be multiplied by 2). When sample volume
assayed is less than 20 pL, compensate the volume deficit with assay buffer.

XIll. INTERPRETATION - Acceptance Criteria

1. The assay will be considered accepted when all Quality Control values fall
within the calculated Quality Control Range. If any QC'’s fall outside the
control range, review results with a supervisor.

2. If the difference between duplicate results of a sample is >15% CV, repeat the
sample.

3. The limit of sensitivity of this assay is 0.2 ng/mL mouse Adiponectin (20 pL
sample size).

4. The approximate dynamic range of this assay is 1 - 50 ng/mL mouse
Adiponectin (20 ul sample size). Any result greater than 50 ng/mL in a 20 pL
sample should be diluted using 1X assay buffer, and the assay repeated until
the results fall within range.

EZMADP-60K 18-SEP-2015 EMD Millipore 12
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XIV. STANDARD CURVE

Mouse Adiponectin ELISA

Absorbance ,q, s90nm

Mouse Adiponectin (ng/mL)

Typical Standard Curve, not to be used to calculate results.

EZMADP-60K 18-SEP-2015 EMD Millipore
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XV. ASSAY CHARACTERISTICS

A. Sensitivity

The lowest level of Adiponectin that can be detected by this assay is 0.2
ng/mL when using a 20 pL sample size.

B. Specificity

The antibody pair used in this assay is specific to mouse adiponectin and
does not significantly cross-react with human adiponectin, globular domain of
mouse adiponectin, and other cytokine or hormone molecules tested, as
shown in the following table.

Analyte Max. Conc. Cross Reactivity

Human Adiponectin 200ng/mL < 2%
Mouse gAcrp 1000ng/mL n.d.
Mouse Endocrines:

Insulin 10nM n.d.
Amylin 10nM n.d.
Leptin 10nM n.d.
Glucagon 10nM Nl
GLP-1 10nM n.d.
Mouse Cytokines:

IL-183 10nM n.d.
IL-2 10nM n.d.
IL-4 10nM el
IL-5 10nM n.d.
IL-6 10nM n.d.
IL-9 10nM n.d.
IL-10 10nM n.d.
IL-12 10nM n.d.
IL-13 10nM n.d.
IFN-y 10nM n.d.
TNF-a 10nM n.d.
GMCSF 10nM n.d.
MIP-1a 10nM n.d.
KC 10nM n.d.
RANTES 10nM n.d.
MCP-1 10nM n.d.

n.d. = not detectable
No cross reactivity to rat serum or plasma samples.
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XV. ASSAY CHARACTERISTICS (continued)

C. Precision

Within and Between Assay Variation

Sample No. Mean Adiponectin ~ Within% CV  Between% CV
Levels (ng/mL)
1 9.18 3.8 6.8
2 13.74 5.4 1.4
3 6.89 8.2 4.9
4 7.23 5.6 10.8

The assay variations of EMD Millipore Mouse Adiponectin ELISA kits were studied
on four mouse serum samples with varying concentrations of endogenous
Adiponectin. The mean within variation was calculated from results of six duplicate
determinations in each assay of the indicated samples. The mean between
variations of each sample was calculated from results of four separate assays with
duplicate samples in each assay.

D. Recovery

Spike & Recovery of Mouse Adiponectin in Serum

Sample Adiponectin  Expected Observed % of
No. Added (ng/mL) (ng/mL) Recovery
(ng/mL)
1 0 7.1 7.1 100
5 12.1 12.6 104
10 17.1 17 99
20 27 26.7 99
2 0 12 7.2 100
5 12.2 13.7 112
10 17.5 17.8 103
20 27.2 28.9 106
3 0 10.49 10.49 100
5 15.49 15.76 102
10 20.49 2217 108
20 30.49 31.07 102

Varying amounts of mouse Adiponectin were added to three mouse serum samples
and the Adiponectin content was determined in three separate assays. The % of

recovery = observed Adiponectin concentrations/expected Adiponectin

concentrations x 100%.

EZMADP-60K 18-SEP-2015
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XV. ASSAY CHARACTERISTICS (continued)

E. Linearity

Effect of Serum Dilution

Sample Volume Expected Observed % Of
No. Sampled (ng/mL) (ng/mL) Expected

(uL)

1 20 14.3 14.3 100

10 7.15 7.3 102

5 3.6 4.1 114

3.33 2.4 2.9 121

2 20 14.99 14.99 100

10 7.49 723 96

5 3.75 4.37 116

3.33 2.5 2.81 112

3 20 14.43 14.43 100

10 7.2 717 99

5 3.61 416 115

3.33 2.41 2.58 107

Three mouse serum samples with the indicated sample volumes were assayed in
three separate experiments. Required amounts of assay buffer were added to
compensate for lost volumes below 20 uL. The resulting dilution factors of 1.0, 2.0,
4.0, and 6.0 representing 20 uL, 10 pL, 5 pL, and 3.3 pL sample volumes assayed,
respectively, were applied in the calculation of observed Adiponectin

concentrations. % expected = observed/expected x 100%.
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XVL. CORRELATION GRAPH

Adiponectin Correlation
RIA vs. ELISA in Mouse Serum Samples

Mouse Adiponectin (ug/mL) measured by ELISA

5 T T T T
0 5 10 15 20 25

Mouse Adiponectin (ug/mL) measured by RIA

Serum samples obtained from 39 mouse subjects were assayed for
Adiponectin content using both EMD Millipore Mouse Adiponectin RIA Kit
(Catalogue #MADP-60HK) and Mouse Adiponectin ELISA Kit (Catalogue
EZMADP-60K). Correlation of the two kits is derived by linear regression
analysis of paired results from each sample.

XVII. QUALITY CONTROLS

The ranges for Quality Control 1 and 2 are provided on the card insert or can be
located at the EMD MILLIPORE website www.emdmillipore.com using the catalog
number as the keyword.

EZMADP-60K 18-SEP-2015 EMD Millipore 17
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XVIIl. TROUBLESHOOTING GUIDE

XIX.

EZMADP-60K 18-SEP-2015

To obtain reliable and reproducible results the operator should carefully read
this manual and fully understand all aspects of each assay step before
attempting to run the assay.

Throughout the assay the operator should adhere strictly to the procedures
with good laboratory practice.

Have all necessary reagents and equipment ready on hand before starting.
Once the assay has been started all steps should be completed with precise
timing and without interruption.

Avoid cross contamination of any reagents or samples to be used in the
assay.

Make sure all reagents and samples are added to the bottom of each well.

Careful and complete mixing of solutions in the well is critical. Poor assay
precision will result from incomplete mixing or cross well contamination due
to inappropriate mixing.

Remove any air bubble formed in the well after acidification of substrate
solution because bubbles interfere with spectrophotometric readings.

Do not let the absorbency reading of the highest standard reach 3.0 units or
higher after acidification.

High absorbance in background or blank wells could be due to 1) cross well
contamination by standard solution or sample or 2) inadequate washing of
wells with HRP Wash Buffer or 3) overexposure to light after substrate has

been added.

REPLACEMENT REAGENTS

Reagents Cat. #
Mouse Adiponectin ELISA Plate EP60

10X HRP Wash Buffer Concentrate (50 mL) EWB-HRP
Mouse Adiponectin Standards E8060-K
Quality Controls 1 and 2 E6300-K
Assay Buffer (10X) EAB-10XP
Mouse Adiponectin Detection Antibody E1060
Enzyme Solution EHRP-3
Substrate ESS-TMB
Stop Solution ET-TMB

10-pack of Mouse Adiponectin (ACRP30)

ELISA kits

EMD Millipore
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Appendix 12 — Mouse Insulin ELISA Data Sheet

Rat / Mouse Insulin ELISA Kit
96-Well Plate (Cat. # EZRMI-13K)

. INTENDED USE

This Rat / Mouse Insulin ELISA kit is used for the non-radioactive quantification of insulin in
mouse and rat sera. Plasma samples may also be used but application to samples of other
biological fluids may need validation by the user. One kit is sufficient to measure 39 unknown
samples in duplicate. This kit is for Research Use Only. Not for Use in Diagnostic
Procedures.

. PRINCIPLES OF PROCEDURE

This assay is a Sandwich ELISA based, sequentially, on: 1) capture of insulin molecules from
samples to the wells of a microtiter plate coated by pre-titered amount of a monoclonal
mouse anti-rat insulin antibodies and the binding of biotinylated polyclonal antibodies to the
captured insulin, 2) wash away of unbound materials from samples, 3) binding of horseradish
peroxidase to the immobilized biotinylated antibodies, 4) wash away of free enzyme
conjugates, and 5) quantification of immobilized antibody-enzyme conjugates by monitoring
horseradish peroxidase activities in the presence of the substrate 3,3',5,5’-
tetramethylbenzidine. The enzyme activity is measured spectrophotometrically by the
increased absorbency at 450 nm, corrected from the absorbency at 590 nm, after
acidification of formed products. Since the increase in absorbency is directly proportional to
the amount of captured insulin in the unknown sample, the latter can be derived by
interpolation from a reference curve generated in the same assay with reference standards of
known concentrations of rat insulin.

L. REAGENTS SUPPLIED

Each kit is sufficient to run one 96-well plate including, in duplicates, background, 6 rat insulin
standards, 2 quality controls and 39 unknown samples.

A. Rat/Mouse Insulin ELISA Plate
Coated with mouse monoclonal anti-rat insulin antibodies.
Quantity: 1 plate
Preparation: Ready to use.
Note: Unused strips should be resealed in the foil pouch with the desiccant provided and
stored at 2-8°C.

B. Adhesive Plate Sealer
Quantity: 1 sheet
Preparation: Ready to use.

C. 10X HRP Wash Buffer Concentrate
10X concentrate of 50 mM Tris Buffered Saline containing Tween-20.

Quantity: Two bottles containing 50 mL each
Preparation: Dilute 10 times with de-ionized water.

EZRMI-13K - Rev. 31-JUL-2015 EMD Millipore 2
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REAGENTS SUPPLIED (continued)

Rat/Mouse Insulin Standards

Rat insulin in Assay Buffer: 0.2, 0.5, 1, 2, 5 and 10 ng/mL.
Quantity: 0.25 mL/vial

Preparation: Ready to use.

Rat/Mouse Insulin Quality Controls 1 and 2
Rat insulin in QC buffer.

Quantity: 0.25 mL/vial

Preparation: Ready to use.

Matrix Solution

Charcoal stripped pooled mouse serum
Quantity: 0.5 mL

Preparation: Ready to use.

Assay Buffer

0.05 M phosphosaline, pH 7.4, containing 0.025 M EDTA, 0.08% sodium azide,
and 1% BSA.

Quantity: 20 mL

Preparation: Ready to use.

Rat/Mouse Insulin Detection Antibody
Pre-titered biotinylated anti-insulin antibody.
Quantity: 10 mL

Preparation: Ready to use.

Enzyme Solution

Pre-titered streptavidin-horseradish peroxidase conjugate in buffer.
Quantity: 12 mL

Preparation: Ready to use.

Substrate (Light sensitive, avoid unnecessary exposure to light)
3, 3, 5, §'-tetramethylbenzidine in buffer.

Quantity: 12 mL

Preparation: Ready to use.

Stop Solution

0.3 M HCI

Quantity: 12 mL
Preparation: Ready to use.

EZRMI-13K - Rev. 31-JUL-2015 EMD Millipore
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Iv.

STORAGE AND STABILITY

e Recommended storage for kit components is 2-8°C.

e All components are shipped and stored at 2-8°C. Reconstituted standards and
controls can be frozen for future use but repeated freeze/thaw cycles should be
avoided. Refer to expiration dates on all reagents prior to use. Do not mix
reagents from different kits unless they have the same lot numbers.

REAGENT PRECAUTIONS

A. Sodium Azide

Sodium Azide or Proclin has been added to some reagents as a preservative.
Although the concentrations are low, Sodium Azide and Proclin may react with lead
and copper plumbing to form highly explosive metal azides. Dispose of unused
contents and waste in accordance with international, federal, state, and local

regulations.

B. Hydrochloric Acid

Hydrochloric Acid is corrosive and can cause eye and skin burns. It is harmful if
swallowed and can cause respiratory and digestive tract burns. Avoid contact with

skin and eye. Do not swallow or ingest.

Full Hazardous Component Labels:

Ingredient, Cat # Full Label
Rat/Mouse Insulin EP13 Warning. Causes skin irritation. May cause
ELISA Plate an allergic skin reaction. Causes serious eye
irritation. Harmful to aquatic life with long
lasting effects. Avoid release to the
environment. Wear protective gloves. IF ON
SKIN: Wash with plenty of soap and water.
IF IN EYES: Rinse cautiously with water for
several minutes. Remove contact lenses, if
present and easy to do. Continue rinsing.
Get medical advice/ attention. .
Stop Solution ET-TMB Warning. May be corrosive to metals.
gy
10X HRP Wash Buffer | EWB-HRP Warning. May cause an allergic skin
Concentrate reaction. Wear protective gloves. |IF ON
SKIN: Wash with plenty of soap and water.
EZRMI-13K - Rev. 31-JUL-2015 EMD Millipore 4
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VI. MATERIALS REQUIRED BUT NOT PROVIDED

1. Pipette with tips, 10 uL - 100 pL.

2. Multi-channel Pipette: 50 uL ~ 300 pL

3. Reagent Reservoirs

4. Vortex Mixer

5. Refrigerator

6. De-ionized Water

7. Microtiter Plate Reader capable of reading absorbency at 450 nm and 590 nm

8. Orbital Microtiter Plate Shaker

9. Absorbent Paper or Cloth

Vil. SAMPLE COLLECTION AND STORAGE

A. To prepare serum, whole blood is directly drawn into a centrifuge tube that contains
no anti-coagulant. Let blood clot at room temperature for 30 min.

B. Promptly centrifuge the clotted blood at 2,000 to 3,000 x g for 15 minutes at 4 +
2°C.

C. Transfer and store serum samples in separate tubes. Date and identify each
sample.

D. Use freshly prepared serum or aliquot and store samples at —20 + 5°C for later use.
For long-term storage, keep at -70 °C. Avoid freeze/thaw cycles.

E. To prepare plasma sample, whole blood should be collected into centrifuge tubes
containing enough KsEDTA to achieve a final concentration of 1.735 mg/mL and
centrifuged immediately after collection. Observe same precautions in the
preparation of serum samples.

F. If heparin is to be used as anti-coagulant, the effect on the assay outcome at the
dose of heparin used should be pre-determined.

G. Avoid using samples with gross hemolysis or lipemia.

Vill. ASSAY PROCEDURE

Pre-warm all reagents to room temperature prior to setting up assay.

1. Dilute the 10X Wash Buffer concentrate 10 fold by mixing the entire content of each
bottle of Wash Buffer with 450mL de-ionized water. (dilute both bottles with 900 mL
deionized water)

2. Remove the required number of strips from the Microtiter Assay Plate. Unused strips
should be resealed in the foil pouch and stored at 2-8°C. Assemble strips in an empty
plate holder and wash each well 3 times with 300 pL of diluted Wash Buffer per wash.
Decant Wash Buffer and remove the residual amount from all wells by inverting the
plate and tapping it smartly onto absorbent towels several times. Do not let wells dry
before proceeding to the next step. If automated machine is used for assay, follow
the manufacturer’s instructions for all washing steps described in this protocol.

3. Add 10 pL Assay Buffer to each of the Blank and sample wells. Refer to Section IX for
suggested well orientations.

EZRMI-13K - Rev. 31-JUL-2015 EMD Millipore 5
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VIil.

ASSAY PROCEDURE (continued)

If samples to be assayed are serum or plasma, add 10 uL Matrix Solution to the Blank,
Standard and Control wells (Option A). If samples are free of significant serum matrix
components, add 10 uL Assay Buffer instead (Option B).

Add in duplicate 10 uL Rat Insulin Standards in the order of ascending concentration
to the appropriate wells.

Add 10 uL QC1 and 10 puL QC2 to the appropriate wells.

Add sequentially 10 uL samples of the unknown samples in duplicates to the
remaining wells.

Add 80 pL Detection Antibody to all wells. For best result all additions should be
completed within one hour. Cover the plate with plate sealer and incubate at room
temperature for 2 hours on a orbital microtiter plate shaker set to rotate at moderate
speed, about 400 to 500 rpm.

Remove plate sealer and decant solutions from the plate. Tap as before to remove
residual solutions in well.

10. Wash wells 3 times with diluted Wash Buffer, 300 pL per well per wash. Decant and

tap after each wash to remove residual buffer.

11. Add 100 pL Enzyme Solution to each well. Cover plate with sealer and incubate with

moderate shaking at room temperature for 30 min on the microtiter plate shaker.

12. Remove sealer, decant solutions from the plate and tap plate to remove the residual

fluid.

13.Wash wells 6 times with diluted Wash Buffer, 300 pL per well per wash. Decant and

tap after each wash to remove residual buffer.

14.Add 100 pL of Substrate Solution to each well, cover plate with sealer and shake in the

plate shaker for approximately 5 to 20 minutes. Blue color should be formed in wells
of Insulin Standards with intensity proportional to increasing concentrations of insulin.

NOTE: Please be aware that the color may develop more quickly or more slowly than the
recommended incubation time depending on the localized room temperature. Please
visually monitor the color development to optimize the incubation time. One can measure
the color development using 370 nm filter, if available on the spectrophotometer. When
absorbance is between 1.2 and 1.8 at 370 nm, the stop solution can be added to
terminate color development.

15.Remove sealer and add 100 uL Stop Solution [CAUTION: CORROSIVE SOLUTION]

and shake plate by hand to ensure complete mixing of solution in all wells. The blue
color should turn into yellow after acidification. Wipe the bottom of the microtiter plate
to remove any residue prior to reading on plate reader. Read absorbance at 450 nm
and 590 nm in a plate reader within 5 minutes and ensure that there is no air bubbles
in any well. Record the difference of absorbance units.
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Assay Procedure for Rat / Mouse Insulin ELISA kit (Cat. # EZRMI-13K)

Option A: For Samples with significant Serum Matrix Effect

Step1 | Step2 Step3 | Step 4 Step 5-7 Step 8 g’fg Step 11 Ste1p311- Step 14 S:ip Step 15 ?
Standards/
Assay Matrix Controls/ Detection Enzyme Stop
icll-& Buffer | Solution Samples Ab Solution Substate Solution
Az Bl 5 2 | qopL | 10pL | e 80 L 100 uL 100 L 100 L
S H ] ]
C1, D1 E ,‘?, 10 pL of 0.2 g é é
) @ e | : = o o
8 § 10uL |l Stanard | 8O ML 2 100 pL g 100 pL g 100 pL
H 26 g -y a2
E1, F1 8 £3 10 L of 0.5 £ g 5
s (=] 59 | pL of 0. o -3 [ &
S 2e 10Ul |l Standard | 80HL @ g 100 pL L 100 pL = foouL | g
E £ 0o £Ed °m <] Py
2 8> S < P < 4
G1. Hi 3 E 5 || 1oL | 10 “SLtsr’](]arr‘g/m" 80 pL T3 100 pL =8 100 pL = 100uL | @
ES 23 £ &= o= o &
= S o e+ 24 2 £
A2,B2 | @ e8| 10 L of 2 ng/mL 35 25 2 c
i S 10 uL Stordon] 80 L 28 100 L £8 100 pL = oouL | o
S N e o c 10 <
E Xz 10 L of 5 ng/mL 5% P ° 8
C2, D2 © ) uL of 5 ng/m 2 2 ®
S s | = 10 uL Siadar] 80 pL S x 100 pL 5 x 100 pL g foouL | 8
x SE e 3 3 ]
= S 32 =5 G 2 2
E2, F2 P 2 | 10 pL of 10 g8 =5 = S
2 kS 10Ul | |t Standard | 80 ML 5= 100 pL $= 100 pL P 10pL | @
9 =3 = s & <
2 @ < =S =) k]
G2, H2 S e — < < o
8 i — 10 uL 10 uLof QC | 80 pL ] 100 L = 100 pL = toouL | &
o 3 L o Q
5 £ n »n
A3, B3 = o
a8 [ [— fouL | 1opLofQC I 80 pL 100 L 100 pL 100 L
C3LD3 STV — 10 uL of Sample | 80 L 100 uL 100 pL 100 L
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Option B: For Samples without significant Serum Matrix Effect

Assay Procedure for Rat / Mouse Insulin ELISA kit (Cat. # EZRMI-13K)

Step " Step Step Step
Step 1 Step 2 34 Step 5-7 Step 8 8-10 Step 11 11-13 Step 14 14 Step 15 | Step 15
Standards/
Assay Controls/ Detection Enzyme Stop
Well # Buffer Samples Ab Solution SUbBYES Solution
o 100 pL 100 pL
A1, Bl g § 1| I R— 80 L 100 pL
= | 2 :
C1. D1 § z oL 10 uL of 02 80 pL g 100 pL 2 100 pL 3 100 pL
‘e 2 W ng/mL Standard e 2 e
o = O -4 £ £
[ L 0
E1, F1 2 £33 10 pL 10 L of 05 80 L Ey 100 pL 8 s 100 pL & 100 pL ¢
< Q ng/mL Standard g £5 £ c
& g2 Ea g 8 S
G1, H1 E gg 10 uL 10 uL of 1 ng/mL 80 uL §'§ 100 pL E:aé 100 pL ; 100 pL :
£ - E Standard E E @ E @ S
I (=3 b4 - - £
A2, B2 g S E’ 10 uL 10 uL of 2 ng/mL 80 uL 3 ;. 100 pL g g. 100 pL :Ea 100 uL £
> £ g Standard <3 [ £ 3
< 28 PE- SE a =
C2, D2 % x 2 10 pL — 80 pL §3 100 pL 95 100 pL 2 100 pL &
= 25 Standard 3 % 8% S 2
x S E € = 3 3 ©
o 3 - 3] Q e
E2, F2 T :f 10 uL 10 uL of 10 ng/mL 80 uL dg 100 pL %g 100 pL % 100 pL 5
= R Standard s e g5 I 2
8 =3 =) ] s <
G2 H2 - @ 10 pL 80 L < 100 L ) 100 pL ) 100 pL K
' S 2 10 L of QC | 5 < ! &
3 g @ I =
]
P ° o o
A3 B3 5 £ 10 uL 80 L 100 L o 100 pL ] 100 pL
J = & 10 uL of QC I
10 pL 80 uL 100 pL 100 pL 100 pL
&8, ba 10 pL of Sample
)
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X. CALCULATIONS

The dose-response curve of this assay fits best to a sigmoidal 4- or 5-parameter logistic
equation. The results of unknown samples can be calculated with any computer
program having a 4- or 5-parameter logistic function. Graph the reference curve for
sample interpretation by plotting the absorbance unit of 450 nm, less that of 590 nm, on
the Y-axis against the concentration of rat insulin standards on the X-axis.

Note: When sample volumes assayed differ from 10 pL, an appropriate mathematical
adjustment must be made to accommodate for the dilution factor (e.g., if 5 uL of sample
is used, then calculated data must be multiplied by 2). When sample volume assayed is
less than 10 pL, compensate the volume deficit with either matrix solution or assay
buffer, whichever is appropriate.

Xl.  INTERPRETATION

A. Acceptance Criteria
1. The assay will be considered accepted when all Quality Control values fall within
the calculated Quality Control Range. If any QC's fall outside the control range,
review results with a supervisor.

2. If the difference between duplicate results of a sample is >15% CV, repeat the
sample.

3. The limit of sensitivity of this assay is 0.1 ng/mL (17.5 pM) insulin (10 uL sample
size).

4. The appropriate range of this assay is 0.1 ng/mL to 10 ng/mL insulin (10 pL
sample size). Any result greater than 10 ng/mL in a 10 uL sample assayed

should be repeated on dilution using either matrix solution or assay buffer,
whichever is appropriate, as diluent until it falls within range.
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Xll. ASSAY CHARACTERISTICS

A. Sensitivity

The lowest level of Insulin that can be detected by this assay is 0.1 ng/mL (17.5
pM) insulin when using a 10 uL sample size.

B. Specificity

The specificity (also known as selectivity) of the analytical test is its ability to
selectively measure the analytes in the presence of other like components in the
sample matrix.

Rat Insulin 100% [ED(50) = 1.57 nM]
Porcine Insulin 102%

Bovine Insulin 78%

Ovine Insulin 106%

Human Insulin 106%

Human Proinsulin 52%

Des(64,65) Human Proinsulin - 101%
Des(31,32) Human Proinsulin  69%

Porcine Proinsulin 57%
Bovine Proinsulin 56%
Human IGF-I h.d.*
Human IGF-II n.d.*
Porcine Glucagon n.d.”
Human C-peptide n.d.*
Rat C-peptide n.d.”
Rat Leptin n.d.*
Mouse Leptin n.d.*

n.d.*: not detectable at concentrations up to 120 nM

C. Precision:
Mean Insulin Mean Assay Variation (% CV)

Sample Number Level (ng/mL) Intra-assay Inter-assay
Mouse serum #1 0.32 8.35 17.9
Mouse serum #2 1.69 0.92 6.03
Mouse serum #3 3.45 1.92 7.64

Rat serum #1 1.15 3.22 6.95

Rat serum #2 2.32 1.33 6.71

Rat serum #3 3.65 1147 9.23

The assay variations of EMD Millipore Mouse/Rat Insulin ELISA kit were studied
on three mouse and three rat serum samples with varying concentrations of
endogenous analyte. The intra-assay variations are calculated from six duplicate
determinations in an assay. The inter-assay variations are calculated from
results of 5 separate assays with duplicate samples in each assay.
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Xill. ASSAY CHARACTERISTICS (continued)

D. Dilutional Linearity:

Insulin Level
Serum | Dilution | Observed Expected % Of
Sample | Factor (ng/mL) (ng/mL) Expected
#
-- 2.06 100
Mouse 2X 1.84 89
Serum 4x 2.20 107
#1 8x 3.12 2.06 162
-- 2.98 100
Mouse 2% 2.84 95
Serum 4x 3.08 103
#2 8x 3.76 2.98 126
-- 2.95 100
Mouse 2X 2.94 100
Serum 4x 3.08 104
#3 8x 3.92 2.95 133
- 4.22 100
Rat 2X 3.80 90
Serum 5x 3.55 84
#1 10x 4.70 4.22 111
-- 3.78 100
Rat 2X 3.16 84
Serum 5x 3.00 79
#2 10x 3.40 3.78 90
-- 3.42 100
Rat 2% 3.12 91
Serum 5x 3.15 92
#3 10X 3.90 3.42 114

Three mouse and three rat serum samples are diluted each with matrix solution
to various degrees as indicated and assayed for insulin levels along with neat
samples of each serum. Measured insulin levels are corrected for dilution factors
and reported as observed insulin level.
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Xll. ASSAY CHARACTERISTICS (continued)

E. Recovery
Spike and Recovery of Insulin in Serum Samples:

Serum Rat Insulin Recovery (%) of
Sample | Added (ng/mL) | Observed (ng/mL) | Spiked Insulin
#
0 0.33 --
Mouse 0.5 0.83 100
Serum 2 2.15 91
#1 5 5.07 95
0 1.78 --
Mouse 0.5 2.20 84
Serum 2 3.43 83
#2 5 6.16 88
0 1.01 --
Mouse 0.5 1.49 96
Serum 2 2.91 95
#3 5 5.95 99
0 1.06 --
Rat 0.5 187 102
Serum 2 2.86 90
#1 5 5.88 96
0 1.07 --
Rat 0.5 1.53 92
Serum 2 2.95 94
#2 5 6.01 99
0 0.99 --
Rat 0.5 1.45 92
Serum 2 2.69 85
#3 5 5.40 88

Rat insulin at indicated levels was added to three mouse and three rat serum
samples and the resulting insulin content of each sample was assayed by ELISA.
The % of recovery = [(observed insulin level after spike - observed insulin level
before spike) / spiked level of insulin] x 100%. Mean + S.D. of recovery rate at
spiked insulin level of 0.5, 2, and 5 ng/mL is 93 + 8%, 90 + 6% and 94 + 6% in
mouse serum and 95 + 6%, 90 + 5% and 94 + 7% in rat serum, respectively.
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CORRELATION GRAPH

XIll.

Mouse Serum Insulin Assays:
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CORRELATION GRAPH (continued)

XIil.

Rat Serum Insulin Assays:
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XIV. QUALITY CONTROLS

The ranges for Quality Control 1 and 2 are provided on the card insert or can be
located at the EMD MILLIPORE website www.emdmillipore.com using the catalog
number as the keyword.

XV.

XVL

EZRMI-13K - Rev. 31-JUL-2015

TROUBLE SHOOTING GUIDE

1. To obtain reliable and reproducible results the operator should carefully read
this manual and fully understand all aspects of each assay step before

attempting to run the assay.

2. Throughout the assay the operator should adhere strictly to the procedures

with good laboratory practice.

3. Have all necessary reagents and equipment ready on hand before starting.
Once the assay has been started all steps should be completed with precise

timing and without interruption.

4. Avoid cross contamination of any reagents or samples to be used in the

assay.

5. Make sure that all reagents and samples are added to the bottom of each

well.

6. Careful and complete mixing of solutions in the well is critical. Poor assay
precision will result from incomplete mixing or cross well contamination due to

inappropriate mixing.

7. Remove any air bubble formed in the well after acidification of substrate
solution because bubbles interfere with spectrophotometric readings.

8. High absorbance in background or blank wells could be due to 1) cross well
contamination by standard solution or sample or 2) inadequate washing of

wells with TBS.

REPLACEMENT REAGENTS

REAGENTS

Rat/Mouse Insulin ELISA Plate

10X HRP Wash Buffer Concentrate (50 mL)
Rat/Mouse Insulin Standards

Rat/Mouse Insulin Quality Controls 1 and 2
Matrix Solution

Assay Buffer

Rat/Mouse Insulin Detection Antibody
Enzyme Solution

Substrate

Stop Solution

EMD Millipore
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EWB-HRP
E8013-K
E6013-K
EMTX-RMI
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E1013
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Appendix 13 — Biovision HDL and LDL Quantitation Kit Data Sheet

BioVision

.=

~

HDL and LDL/VLDL Quantification
Colorimetric/Fluorometric Kit

(Catalog # K613-100; 100 assays; Store at -20°C)

Introduction:
F ion of HDL (high-density and LDL (low-density
cholesterol plays a central role in various disease developments. tis wel known that low
levels of HDL and high level of LDL are with an risk of
events. BioVision's HDL and LDL/VLDL Cholesterol Quantification Kit provides a simple
quantification method of HDL and LDL/VLDL after a convenient separation of HDL from LDL
and VLDL (very Iowdensny lipoprotein) in serum samples. In the assay, cholesterol oxidase

ree ar products which react with probe to
generate color (i = 570 nm) and fluorescence (EX/Em = 538/587 nm). Cholesterol esterase
hydrolyzes cholesteryl ester into free cholesterol, therefore, cholesterol ester and free
cholesterol can be detected separately in the presence and absence of cholesterol esterase
in the reactions.

Kit Contents:

Components Volume | Cap Code Part No.
Cholesterol Assay Buffer 25ml wM K613-100-1
2X LDL/VLDL Precipitation Buffer 10ml NM K613-100-2
Cholesterol Probe (in DMSO, anhydrous) 200 pl Red K613-100-3A
Enzyme Mix (Lyophilized) 1 vial Green K613-100-5
Cholesterol Esterase (Lyophilized) 1 vial Blue K613-100-6
Cholesterol Standard (2 pg/pl) 100 pl Yellow K613-100-7

Reagent Preparation:

Cholesterol Probe: Ready to use as supplied. Warm to room temperature to thaw the
DMSO solution. Store at —~20°C, protect from light. Use within two months.

Cholesterol Esterase: Dissolve in 220 pl Cholesterol Assay Buffer prior to use. Aliquot and
store at ~20°C. Use within two months.

Enzyme Mix: Dissolve in 220 pl Cholesterol Assay Buffer prior to use. Aliquot and store at —
20°C. Use within two months.

Cholesterol Assay Protocol:

Separation of HDL and LDL/VLDL: Mix 100 pl of 2X Precipitation Buffer with 100 pl of
serum sample in microcentrifuge tubes. Incubate 10 min at room temperature, centrifuge at
2000 x g (5000 rpm on bench-top microcentrifuge) for 10 min. Transfer the supernatant into
new labeled tubes. This is the HDL fraction. The precipitates are the LDL/VLDL fraction. If
you want to measure the LDL/VLDL level, the precipitate should be spun again, and the
trace amount of HDL supernatant carefully removed. Resuspend the precipitate in 200 pl
PBS (not provided). This is the LDL/VLDL fraction.

Note A: If the supernatant is cloudy, the sample should be re-centrifuged. If the sample
remains cloudy, dilute the sample 1:1 with PBS, and repeat the separation procedure.
Multiply final results by two (2) due to the dilution with the 2X Precipitation Buffer.

Note B: Precipitation time and temperature do not affect the results significantly.

Standard Curve and Sample Dilute the Ci to 0.25 pg/ul
by adding 20 l of the Cholesterol Standard to 140 pl of Cholesterol Assay Buffer, mix well.
Add 0, 4, 8, 12, 16, 20 pl into a series of wells in a 96-well plate. Adjust volume to 50 pl/well
with Cholesterol Assay Buffer to generate 0, 1, 2, 3, 4, 5 ug/well of the Cholesterol Standard.
(Note: Fluorometric assay is ~10 times more sensitive than the colorimetric assay, the
cholesterol standards should be diluted 10 times further if using fluorometric assay).

BioVision Incorporated
155 S. Milpitas Boulevard, Milpitas, CA 95035 USA
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For sample testing, using 1 to 20 pl of the HDL or LDL/VLDL fraction, adjust the total
volume to 50 pl/well with Cholesterol Assay Buffer. For unknown samples, we suggest
testing different volumes of sample to ensure the readings are within the linear portion
of the standard curve.
Reaction Mix Preparation: Mix enough reagent for the number of assays performed.
For each assay, prepare a total 50 pl Reaction Mix containing:
44 pl Cholesterol Assay Buffer

2l Cholesterol Probe’

2yl Enzyme Mix

2 pl Cholesterol Esterase®®

*Notes: 1. If using fluorometric assay, use 0.4 ul of Cholesterol Probe per reaction to
reduce fluorescence background.

2. Cholesterol Esterase hydrolyzes cholesteryl ester to free cholesterol. If you want to
detect free cholesterol only, omit the Cholesterol Esterase in the reaction, and
substitute with 2 pl of Assay Buffer. With the addition of Cholesterol Esterase, the assay
detects total cholesterol (cholesterol and cholesteryl esters). If you want to detect
cholesteryl esters only, subtract the value of free cholesterol from the value of total
cholesterol.

Cholesterol Esterase must be added to the reaction for standard curve to convert
all the cholesterol in the standard solution.

Add 50 pl of the Reaction Mix to each well
samples, mix well.

Incubate the reaction for 60 min at 37°C, protect from light. Measure O.D. at 570 nm or
fluorescence at Ex’Em 538/587 nm in a micro-titer plate reader.

Calculations: Subtract 0 standard reading from readings. Plot the standard curve.
Apply the sample readings to the standard curve to determine sample cholesterol
amount in the reaction well. Sample cholesterol concentrations:

C = AV (pg/ul)

the Cl

or test

Where:  Ais the sample cholesterol amount from the standard curve (in pg).
V is original sample volume added to the sample reaction well (in pl).
Cholesterol Molecular Weight: 386.6; 1 pg/ul = 100 mg/dL.
@ . (b)
s miotal
o £3 alBimo
g o £3 oLl
£ §
bal __o#* i2
S
« o y=0.2145%+ 0.0703 g s
%0 : : o3 2 0.48
Cholesterol Standard (ug/well) S n:b:zf
o
© Human Serum Rabbit Serum Mouse Serum
_, 250 | =HDL (mg/dL)
8 200 {®LDLV mg/dL) Flgure (a) Cholesterol Standard Curve. (b)
53‘50 of total HDL,
R LDL/VLDL from serum samples. cholesterol
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Wor P‘“‘“ pate performed according to the kits protocol.
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Problems Cause

Solution

Assay not working + Use of ice-cold assay buffer
+ Omission of a step in the protocol
* Plate read at incorrect wavelength

« Use of a different 96-well plate

+ Assay buffer must be at room temperature
+ Refer and follow the data sheet precisely

* Check the wavelength in the data sheet and the filter settings of the instrument
+ Fluorescence: Black plates (clear bottoms) ; Luminescence: White plates ; Colorimeters:
Clear plates

Samples with erratic readings « Use of an incompatible sample type
« Samples prepared in a different buffer

+ Samples were not

(if indicated in

+ Celll tissue samples were not completely homogenized
« Samples used after multiple free-thaw cycles

« Presence of interfering substance in the sample

+ Use of old or inappropriately stored samples

* Refer data sheet for details about incompatible samples
* Use the assay buffer provided in the kit or refer data sheet for instructions

* Use the 10 kDa spin cut-off filter or PCA precipitation as indicated

* Use Dounce homogenizer (increase the number of strokes); observe for lysis under
microscope

« Aliquot and freeze samples if needed to use multiple times
« Troubleshoot if needed, deproteinize samples

+ Use fresh samples or store at correct temperatures till use

Lower/ Higher readings in Samples

and Standards * Improperly thawed components

* Use of expired kit or improperly stored reagents
* Allowing the reagents to sit for extended times on ice
= Incorrect incubation times or temperatures

* Incorrect volumes used

+ Thaw all components completely and mix gently before use

* Always check the expiry date and store the components appropriately
= Always thaw and prepare fresh reaction mix before use

= Refer datasheet & verify correct incubation times and temperatures

* Use calibrated pipettes and aliquot correctly

Readings do not follow a linear

pattern for Standard curve + Use of partially thawed components

« Pipetting errors in the standard

« Pipetting errors in the reaction mix

= Air bubbles formed in well

« Standard stock is at an incorrect concentration
« Calculation errors

* Substituting reagents from older kits/ lots

* Thaw and resuspend all components before preparing the reaction mix
+ Avoid pipetting small volumes

« Prepare a master reaction mix whenever possible

= Pipette gently against the wall of the tubes

= Always refer the dilutions in the data sheet

« Recheck calculations after referring the data sheet

* Use fresh components from the same kit

Unanticipated results = Measured at incorrect wavelength
= Samples contain interfering substances

+ Use of incompatible sample type

+ Sample readings above/below the linear range

= Check the equipment and the filter setting
= Troubleshoot if it interferes with the kit
« Refer data sheet to check if sample is compatible with the kit or optimization is needed

+ Concentrate/ Dilute sample so as to be in the linear range

Note: The most probable list of causes is under each problem section. Causes/ Solutions may overlap with other problems.

BioVision Incorporated
155 S. Milpitas Boulevard, Milpitas, CA 95035 USA

185

Tel: 408-493-1800 | Fax: 408-493-1801

www.blovision.com | tech@biovision.com Page 2 of 2



Appendix 14 — Biovision Free Fatty Acid Quantitation Kit Data Sheet

BioVision

Free Fatty Acid Quantification Colorimetric/Fluorometric Kit

]

(Catalog #K612-100; 100 assays; Store at -20°C)
Introduction:

Fatty Acids play very important roles in normal metabolism and many disease
They are pl to a number of bioactive classes of compounds such
as prostaglandins, leucotrienes and others, and have been implicated in diverse functions
such as autism, immune system and inflammation response. BioVision's Free Fatty Acid
Quantification Kit provides a i sensitive yme-based method for ing the
long-chain free fatty acids in various biological samples, such as serum, plasma and other
body fluids, food, growth media, etc. In the assay, Fatty Acids are converted to their CoA
ivati which are oxidized with the concomitant generation of color or
fluorescence. C-8 (octanoate) and longer fatty acids can then be easily quantified by either
colorimetric (spectrophotometry at i = 570 nm) or fluorometric (at EXEm = 535/587 nm)

methods with detection limit 2 uM free fatty acid in variety samples.

Kit Contents:
Components 100 Assays | Cap Cod Part Number
Fatty Acid Assay Buffer 25ml WM K612-100-1
Fatty Acid Probe (in DMSO) 200 pl Red K612-100-2A
ACS Reagent 1 vial Blue K612-100-4
Enzyme Mix 1 vial Green K612-100-5
Enhancer 200 pl Purple K612-100-6
Palmitic Acid Standard (1nmol/pl) 300 pi Yellow K612-100-7

Storage and Handling:

Store kit at —20°C, protect from light. Allow Fatty Acid Assay Buffer warm to room

temperature before use.

Reagent Preparation:

« Probe: Ready to use as supplied. Warm to room temperature prior to use to melt frozen
DMSO. Store at —20°C, protect from light and moisture. Use within two months.

«Enzymes: Dissolve ACS (Acyl-CoA Synthetase) Reagent and Enzyme Mix individually
with 220 pl Assay Buffer each by pipetting up and down. Store at —20°C. Use within two
months.

+Palmitic Acid Standard: Frozen storage may cause the Palmitic Acid Standard to
separate from the aqueous phase. To re-dissolve, keep the cap tightly closed, place in a
hot water bath (~80-100°C) for 1 min. or until the standard looks cloudy, vortex for 30 sec.,
the standard should become clear. Repeat the heat and vortex one more time. The
Palmitic Acid Standard is now completely in solution, and ready to use.

Free Fatty Acid Assay Protocol:

The following protocol describes assays in 100 pl per microplate well.

. Standard Curve Preparation:

For the colorimetric assay, add 0, 2, 4, 6, 8, 10 pl Palmitic Acid Standard into 96-well plate
individually. Adjust volume to 50 pl/well with Assay Buffer to generate 0, 2, 4, 6, 8, 10
nmoliwell of the Fatty Acid Standard.

For the fluorometric assay, dilute the Palmitic Acid Standard to 0.1 nmol/ul by adding 10 pl
of the Standard to 90 pl of Assay Buffer, mix well. Add 0, 2, 4, 6, 8, 10 yl into each well
individually. Adjust volume to 50 ul/well with Assay Buffer to generate 0, 0.2, 0.4, 0.6, 0.8,
1.0 nmol/well of the Fatty Acid Standard.

Sample Preparation: For testing liquid samples, different volume of samples can be
directly added to each well in a 96-well plate, then bring up the volume to 50 pl/well with
Assay Buffer. For unknown samples, we suggest using different doses to ensure the
readings are within the standard curve range.

rev. 3/15

For research use only

For testing cell or tissue samples, 10° cells or 10 mg tissue samples can be extracted
by homogenization with 200 pl of chloroform-Triton X-100 (1% Triton X-100 in pure
in a mi izer. Then spin the extract 5-10 minutes at top speed
in a microcentrifuge. Collect organic phase (lower phase), air dry at 50°C to remove
chloroform. Vacuum dry 30 min to remove trace chloroform. Dissolve the dried lipids
(in Triton X-100) in 200 i of Fatty Acid Assay Buffer by vortexing extensively for 5
mins (Note: The solution may be slightly turbid or opalescent, but this does not affect
the assay). The extraction procedure can be proportionally scaled up if larger amount
of sample is desired. Use 1- 50 pl of the extracted sample per assay.
Acyl-CoA Synthesis: Add 2 pl ACS Reagent into all the standard and sample wells.
Mix well; incubate the reaction at 37°C for 30 min.
Reaction Mix Preparation: Mix enough reagents for the number of assays and
standard performed: For each well, prepare a total 50 ul Reaction Mix containing:
44 pl Assay Buffer
2 yl Fatty Acid Probe
2 pl Enzyme Mix
2 pl Enhancer
Mix well. Add 50 pl of the Reaction Mix to each well containing the Standard or test
samples. Incubate the reaction for 30 min at 37°C, protect from light.
Measure O.D. 570 nm for colorimetric assay or fluorescence at EXEm = 535/590 nm
in a micro-plate reader.
Calculation: Subtract background value (the 0 Control) from all standard and sample
readings. Plot standard curve nmol/well vs. OD570nm or fluorescence readings. Then
apply the sample readings to the standard curve to obtain Fatty Acid amount in the
sample wells.
Fatty Acid Concentration = Fa/Sv (nmol/ul or mM)
Fais the Fatty Acid amount (nmol) in the well obtained from standard curve.
Sv is the sample volume (pl) added to the sample well.
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Figure: Palmitic Acid Curve: C ic (a), F ic (b). Q itation of
free fatty acid in pooled human serum (10 pl) (c) and rat liver lysate (50 ug) (d). Assays
were performed following the kit protocol.
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Problems Cause Solution

Assay not working * Use of ice-cold assay buffer
+ Omission of a step in the protocol
« Plate read at incorrect wavelength

+ Use of a different 96-well plate

+ Assay buffer must be at room temperature
+ Refer and follow the data sheet precisely

+ Check the wavelength in the data sheet and the filter settings of the instrument

* Fluorescence: Black plates (clear bottoms) ; Luminescence: White plates ; Colorimeters:
Clear plates

Samples with erratic readings * Use of an incompatible sample type

+ Samples prepared in a different buffer

* Samples were not (if indicated in

- Samples used after multiple free-thaw cycles

« Use of old or inappropriately stored samples

« Presence of interfering substance in the sample

« Celll tissue samples were not completely homogenized

* Refer data sheet for details about incompatible samples
+ Use the assay buffer provided in the kit or refer data sheet for instructions

* Use the 10 kDa spin cut-off filter or PCA precipitation as indicated

« Use Dounce homogenizer (increase the number of strokes); observe for lysis under
microscope

* Aliquot and freeze samples if needed to use multiple times
= Troubleshoot if needed, deproteinize samples
« Use fresh samples or store at correct temperatures till use

Lower/ Higher readings in Samples

and Standards « Improperly thawed components

« Incorrect incubation times or temperatures

* Incorrect volumes used

« Use of expired kit or improperly stored reagents

* Allowing the reagents to sit for extended times on ice

* Thaw all components completely and mix gently before use

* Always check the expiry date and store the components appropriately
« Always thaw and prepare fresh reaction mix before use

= Refer datasheet & verify correct incubation times and temperatures

» Use calibrated pipettes and aliquot correctly

Readings do not follow a linear

pattern for Standard curve + Use of partially thawed components

« Pipetting errors in the standard

« Pipetting errors in the reaction mix

* Air bubbles formed in well

« Standard stock is at an incorrect concentration
+ Calculation errors

* Substituting reagents from older kits/ lots

« Thaw and resuspend all components before preparing the reaction mix
+ Avoid pipetting small volumes

« Prepare a master reaction mix whenever possible

« Pipette gently against the wall of the tubes

= Always refer the dilutions in the data sheet

+ Recheck calculations after referring the data sheet

* Use fresh components from the same kit

Unanticipated results - Measured at incorrect wavelength
= Samples contain interfering substances

+ Use of incompatible sample type

+ Sample readings above/below the linear range

- Check the equipment and the filter setting
= Troubleshoot if it interferes with the kit
* Refer data sheet to check if sample is compatible with the kit or optimization is needed

+ Concentrate/ Dilute sample so as to be in the linear range

Note: The most probable list of causes is under each problem section. Causes/ Solutions may overlap with other problems,

BioVision Incorporated
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Appendix 15 — Biovision Triglyceride Quantitation Kit Data Sheet

VL.

VIl

VIIL.

BioVision

FOR RESEARCH USE ONLY!

Triglyceride Quantification Colorimetric/Fluorometric Kit .. s

(Catalog # K622-100; 100 assays; Store at -20°C)

Introduction:

Triglycerides (TG) are the main constituent of vegetable oil, animal fat, LDL and VLDL, and play an important role as transporters of
fatty acids as well as serving as an energy source. TG are broken down into fatty acids and glycerol, after which both can serve as
substrates for energy producing and metabolic pathways. High blood levels of TG are implicated in atherosclerosis, heart disease and
stroke as well as in pancreatitis. The Triglyceride Quantification Kit provides a sensitive, easy assay to measure TG concentration in a
variety of samples. In the assay, TG are converted to free fatty acids and glycerol. The glycerol is then oxidized to generate a product
which reacts with the probe to generate color (spectrophotometry at A = 570 nm) and fluorescence (EX’Em = 535/587 nm). The kit can
detect 2 pmol-10nmol (or 2-10000uM range) of triglyceride in various samples. The kit also detects monoglycerides and diglycerides.

Application:

* Measurement of triglycerides in various tissues, cells & other biological fluids
e Mechanistic study of cardiovascular diseases

e Analysis of lipid metabolism

Sample Type:

* Animal tissues: Liver, pancreas, heart etc.
* Cell culture: adipocytes etc.

* Biological fluids: serum, plasma etc..

Kit Contents:
Components K622-100 Cap Code Part Number
Triglyceride Assay Buffer 25ml WM K622-100-1
Triglyceride Probe (in DMSO, anhydrous) 200 pl Red K622-100-2A
Lipase 1 vial Blue K622-100-4
Triglyceride Enzyme Mix (lyophilized) 1 vial Green K622-100-5
Triglyceride Standard (1 mM) 0.3 ml Yellow K622-100-6

User Supplied Reagents and Equipment:
« 96-well white plate (fluorometric) or clear plate (colorimetric)
* Multi-well spectrophotometer (Absorbance/Fluorescence reader)

Storage and Handling:

Store kit at —20°C, protect from light. Warm Triglyceride Assay Buffer to room temperature before use. Briefly centrifuge small vials prior
to opening.

Reagent Preparation and Storage Conditions:

« Triglyceride Standard: Frozen storage may cause the Triglyceride Standard to separate from the aqueous phase. To re-dissolve,
keep the cap tightly closed, place in a hot water bath (~80-100°C) for 1 min or until the standard looks cloudy, vortex for 30 sec., the
standard should become clear. Repeat the heat and vortex one more time. The Triglyceride Standard is now completely in solution,
and ready to use.

Triglyceride Probe: Ready to use as supplied. Warm by placing in a 37°C bath for 1-5 min to thaw the DMSO solution before use.
(Note: DMSO tends to be a solid after -20°C storage, even when left at room temperature- so need to melt for a few min. at 37°C).
Store at —20°C, protect from light. Use within two months.

« Triglyceride Enzyme Mix: Dissolve in 220 pl Triglyceride Assay Buffer. Aliquot and store at -20 °C. Use within two months.

e Lipase: Dissolve in 220 pl Triglyceride Assay Buffer. Aliquot and store at -20 °C. Use within two months.

Triglyceride Assay Protocol:

1. Sample Preparation: Add 2-50 pl test samples to a 96-well plate. Adjust the volume to 50 pl/well with Triglyceride Assay Buffer. We

suggest using different volumes of sample to ensure readings are within the Standard Curve range. A background control should be
performed by replacing 2 pl Lipase with 2 pl Triglyceride Assay Buffer (see section 3). The background should be subtracted from all
readings. Endogenous compounds in the sample may interfere with the assay, so it is suggested to spike samples with a known
amount of Standard (4 nmol) to ensure accurate determinations of Triglyceride in your sample.
Note: Serum contains 0.1-6 mM triglyceride, which can be tested directly. For tissue (~100 mg), cells (~10 million) or other non-
aqueous samples, homogenize in 1 ml solution containing 5 % NP-40 in water, slowly heat the samples to 80-100 °C in a water bath
for 2-5 min. or until the NP-40 becomes cloudy, then cool down to room temperature. Repeat the heating one more time to solubilize
all triglyceride. Centrifuge for 2 min. (top speed using a microcentrifuge) to remove any insoluble material. Dilute 10 fold with dH,O
before the assay.

2. Standard Curve Preparation: For the colorimetric assay, Dilute 40 pl of the 1 mM Triglyceride into 160 pl Triglyceride Assay Buffer,
mix to generate 0.2 mM Triglyceride Standard. Add 0, 10, 20, 30, 40, 50 pl of the 0.2 mM Triglyceride Standard into a series of wells.
Adjust volume to 50 pl/well with Triglyceride Assay Buffer to generate 0, 2, 4, 6, 8, 10 nmol/well of Triglyceride Standard.

For the fluorometric assay, dilute the Triglyceride Standard to 0.02 mM with the Triglyceride Assay Buffer (Detection sensitivity is 10-
100 fold higher for a fluorometric than a colorimetric assay). Follow the procedure as the colorimetric assay.
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3. Lipase: Add 2 pl of Lipase to each Standard and sample well. Mix and incubate 20 min. at room temperature to convert triglyceride
to glycerol and fatty acid.

Note: If samples contain glycerol, do a sample background control, omit the Lipase to determine glycerol background only, not

triglyceride.
4. Triglyceride Reaction Mix: Mix enough reagent for the number of assays to be performed: For each well, prepare a total 50 pl
Reaction Mix:
Reaction Mix
Triglyceride Assay Buffer 46 pl
Triglyceride Probe* 2l
Triglyceride Enzyme Mix 2l

Add 50 pl of the Reaction Mix to each well containing the Triglyceride Standard, samples and background control(s). Mix well.
Incubate at room temperature for 30-60 min. (60 min. gives slightly better result) protect from light.

*Note: For the fluorometric assay, use 0.4 pl/well of the Probe to decrease the background readings, therefore increase detection
sensitivity.

5. Measurement: Measure absorbance at 570 nm for colorimetric assay or fluorescence at EXEm = 535/590 nm for fluorometric assay
in a microtiter plate reader. The reaction is stable for at least two hr.

6. Calculations: Subtract 0 Standard reading from all readings. If sample background control reading is significant then subtract the
sample background control reading from sample reading. Plot the TG Standard Curve. For unspiked samples, apply the corrected
OD to the TG Standard Curve to get B nmol of TG in the sample well.

Sample TG concentration (C) = B/V X D nmol/pl or mM

Where: B is the amount of TG from Standard Curve (nmol)
V is the sample volume added into the reaction well (pl)
D is the sample dilution factor

Note: For spiked samples, correct for any sample interference by subtracting the sample reading from spiked sample reading.

. ) (ODsample (corrected))
For spiked samples, TG amount in sample well (B) = ((ODsample + TG Std(corrected)) \ODsamplelcorrec:edu) TG Spike (nmol)

Triglyceride molecular weight: 885.4 g/mol
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Figure: (a) Triglyceride Standard Curve. (b) Determination of Triglyceride in pooled normal human serum. Serum sample (3 pl) was
spiked with a known amount of Triglyceride as internal Standard (4 nmol ) and assayed according to the kit protocol. Calculated
concentration of triglyceride: 0.79 + 0.1 mM; (70 + 8.8 mg/dl).

RELATED PRODUCTS:

PicoProbe™ Triglyceride Quantification Kit (K614) Cholesterol/Cholesteryl Ester Quantitation Assay Kit Il (K623)
Cholesterol/Cholesteryl Ester Quantitation Kit (K603) HDL and LDL/VLDL Quantification Kit (K613)

CETP Activity Fluorometric Assay Kit (K601) CETP Inhibitor Drug Screening Kit (Fluorometric) (K602)
PLTP Activity Fluorometric Assay Kit (K604) PLTP Inhibitor Drug Screening Kit (Fluorometric) (K605)

FOR RESEARCH USE ONLY! Not to be used on humans.
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Summary

The cis(c)9, trans(t)-11 (c9,t11) and t10,c12 isomers of
conjugated linoleic acid (CLA) have been reported as agonists of
peroxisome proliferator-activated receptor (PPAR) and beneficial
in lipidemia and glycemia. However, it is unclear whether
CLA isomers enhance or antagonize effects of conventional drugs
targeting PPAR. Male Sprague-Dawley rats were fed high fat diet
(HFD) for 8 weeks and treated without or with CLA, rosiglitazone
or both for 4 weeks. Oral glucose tolerance and surrogate
markers of insulin resistance were not significantly different for
all treatments compared to untreated normal diet (ND) or
HFD group, except lipoprotein levels. The combination of
CLA and rosiglitazone had suppressed levels of low and high
density lipoproteins (46 % and 25 %, respectively), compared to
HFD-alone. Conversely, the atherogenic co-efficient of the
animals received HFD or HFD+rosiglitazone+CLA was 2-folds
higher than ND, HFD+rosiglitazone or HFD+CLA. Isolated aortic
rings from the combined CLA and rosiglitazone treated animals
were less sensitive to isoprenaline-induced relaxation among
endothelium-denuded aortas with a decreased efficacy and
potency  (Rrax=53%4.7 %; pEC50=6+0.2) compared to
endothelium-intact aortas (R;»x=100%£9.9 %); pEC50=7+0.2). Our
findings illustrate that the combination of CLA and rosiglitazone
precede the atherogenic state with impaired endothelium-
before  the onset of

independent  vasodilatation

HFD-induced insulin resistance.
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Introduction

Type 2 diabetes mellitus (T2DM) is one of the
major global health burdens and have reached worldwide
epidemic. T2DM is accompanied by major hallmarks
such as atherogenic dyslipidemia and endothelial
dysfunction (Mooradian 2009, Bakker et al. 2009).
Together, these hallmarks predispose T2DM patients to
cardiovascular diseases. The current options available for
treatment and management of T2DM are relatively
limited, having problems with non-negligible side effects,
and/or often require multiple combinations of drugs that
mostly potentiate the adverse effects.

Thiazolidinediones (TZD) or glitazones are oral
anti-hyperglycemic drugs commonly referred as “insulin
sensitizers”. The use of these glitazones, including
rosiglitazone, have been cautioned for increased risk of
cardiovascular diseases in T2DM patients (Hiatt ef al.
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2013, Nissen and Wolski 2007, Nissen and Wolski 2010).
This prompts the search for alternative drugs with a better
clinical safety profile or suitable supplements to combat
the adverse effects of TZD without altering its insulin
sensitizing potential.

Conjugated linoleic acids (CLA) refer to a group
of positional and geometric isomers of octadecadienoate
(C18:2) with conjugated double bonds. Specifically two
isomers of CLA, cis-9, trans-11 (c9t11) and trans-10,
cis-12 (t10,c12) isomers exist in abundance in dairy
products and ruminant meats (Pariza et al. 1999) and
gamered immense interest for their biological activity
(Dilzer and Park 2012, Mohankumar et al 2011,
Shokryzadan et al. 2017, Taylor and Zahradka 2004).
Unlike TZDs, dietary supplementation of CLA has been
shown to promote weight loss in obese animals and
weight gain in lean animals, prevent cardiac hypertrophy
and Dblood pressure elevation in spontaneously
hypertensive rats (Alibin et al. 2008, DeClercq et al.
2012b), and decrease LDL
insulinresistant rats and healthy human subjects
(Derakhshande-Rishehri et al. 2015, Noone et al. 2002,
Wanders et al. 2010). These distinct properties of CLA
compared to TZDs suggest that there is a possibility that
CLA may be used as an alternative supplement or
substitute to combat the adverse effects of TZD.

In regards, a previous study conducted in mice

cholesterol in obese

fed a high fat diet demonstrated that supplementation
with CLA prevented weight gain in rosiglitazone-treated
mice without affecting the insulin sensitizing effects of
rosiglitazone (Liu et al. 2007). However, it is not clear
whether or not co-administration of CLA and TZD alter
lipoproteins level and vascular functions. The present
study therefore examined the effects of CLA isomers and
rosiglitazone either alone or in combination on surrogate
markers of insulin resistance, including lipoproteins, and
on vascular contractility in rats fed high fat diet.

Methods

Chemicals

Rosiglitazone was purchased from LKT
Laboratories (R5773), USA. Conjugated linoleic acid
(1:1 ratio of ¢9,t11 and t10,c12) was purchased from Nu
Chek Prep (UC-59-AX), USA. (R)-(-)-Phenylephrine
hydrochloride =~ and  isoproterenol  hydrochloride
(isoprenaline) were purchased from Tocris Bioscience,
UK.

191

Animals and diet

Thirty male Sprague-Dawley (SD) rats (6 weeks
old) were received (Monash University Malaysia
Campus, Malaysia) and acclimatized with normal rodent
chow diet (Altromin, 1324, Germany) for two weeks. We
selectively used male rats as they are known to be more
susceptible to metabolic disorder than female rats and to
cycle
metabolic parameters in female rats. The experimental
protocol was approved by the Faculty of Medicine
Institutional Animal Care and Use Committee, University
of Malaya (Approval number: 2014-03-05/PHAR/R/
DDM) and the Animal Welfare and Ethical Review
Body, University of Nottingham. Food and water were
provided ad libitum.

The rats were divided into groups fed with
normal diet (ND; 4.10 % total energy from fat; 6 rats) and
high fat diet (24 rats; 60 % total energy from fat;
Research Diets, D12492, USA). After completion of
8 weeks of HFD feeding, rats were divided into the
following groups and treated for 4 weeks: HFD control
(HFD), HFD treated with rosiglitazone (HFD+RGZ),
HFD treated with CLA (HFD+CLA) and HFD treated
with rosiglitazone and CLA (HFD+RGZ+CLA).
CLA was dissolved in 5% w/w fat free milk and
administered at 0.2 g per animal per day by oral gavage.

avoid the estrous mediated interference on

The dose of CLA is based on the human consumption
equivalent, which amounts to 1-2 % of dietary weight per
day. On average, a rat consumes 20 g of food per day.
With this assumption, we calculate that each rat should be
given 0.2 g of CLA per day. The control rats received
only 5% w/w fat free milk. Rosiglitazone was
administered daily by intraperitoneal injection at 2 mg/kg
body weight and control rats received only saline
injection. The dose of rosiglitazone is based on the
previously published study (Zhao et al. 2012).

Body weight, feed intake and blood glucose
(Accu-Check blood glucose monitor) were recorded
weekly, except terminal blood glucose. A week before
the sacrifice, rats were fasted overnight and undergone
oral glucose tolerance test (OGTT) as previously
described (Noto ef al. 2006). At the end of the study, all
rats were fasted overnight, asphyxiated with CO, and
their blood and organs were collected. The blood samples
were centrifuged at 2,000 rpm for 10 min and the serum
separated were stored at -80 °C until further analyses.
The thoracic aortas were isolated for vascular
contractility studies.
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Serum biochemical analysis

Terminal fasting blood samples were analyzed
for glucose (Cayman, 10009582, Ann Arbor, MI, USA),
total cholesterol (Cayman, 10007640, USA), total
triglycerides (Zen-Bio, STG-1-NC, USA), high density
lipoprotein (HDL) and LDL/VLDL (Bio Vision, K613-100,
Milpitas, CA, USA) and levels (Alpco
Diagnostics, 80-INSRT-E01, Salem, NH, USA)
manufacturer’s  instructions.  The

insulin

according to
colorimetric and fluorimetric end points were measured
in Varioskan Flash Multimode Reader (Thermo
Scientific, USA).

In vitro organ bath experiments

This procedure was performed as previously
described (Loong et al. 2015). Briefly, thoracic aortae
were immediately excised and transferred into cold
Krebs-Ringer upon
In an aerated tissue bath, the aortic rings (4 mm) were left

bicarbonate solution sacrifice.

in the bath for 30 min to equilibrate before the application
of 2 g weight tension. Endothelium denuded rings were
prepared by gently rubbing the intimal surface using the
blunt tip of stainless steel forceps. Successful denudation
was confirmed if the tissue produced less than 30 %
relaxation in the presence of 1x10° M carbachol in the
pre-constricted rings. All aortic rings were pre-contracted
to at least 70 % of maximal contraction with 0.1 uM
phenylephrine before the addition of isoprenaline
(1x10'10 - 3x10'5M). Maximal relaxation (R.c) and
pECS50 values were calculated using Prism version 6.0
(GraphPad Software, USA) in which ECs, is the
concentration of isoprenaline that produces 50 % of
maximal relaxation and pECs, is taken as the negative
common logarithm of ECsj.

Calculations
Weekly energy intake was calculated with the
following formula:

Metabolisable energy per gram of food (K] g~') X Average food consumed per rat (g)

Energy intake (K] g~1) =

Homeostatic model assessment-insulin  resistance
(HOMA-IR) was calculated by taking the product of
blood glucose in mg/dl and serum insulin in mU/l,
divided by 405, as described previously (Mohankumar et
al. 2013).

Lipoprotein ratios were obtained by using serum
total, LDL and HDL cholesterol readings in mmol/l.
Non-HDL cholesterol was calculated by subtracting
HDL-cholesterol from total cholesterol (Martirosyan et
al. 2007). Ratios of LDL:HDL, total
(TC):HDL and non-HDL:HDL were obtained.

cholesterol

Statistics

Results are shown as means + standard error of
the mean for the number of rats tested. Statistical
analyses were performed using unpaired Student’s t-test
to compare two groups and one-way ANOVA with
Tukey’s post hoc tests to compare three or more groups.
Repeated measure one-way ANOVA was performed for
concentration-responses and time responses. Analyses
were done on SPSS version 22 (IBM, USA) and graphics
prepared using Prism version 6.0 (GraphPad Software,
USA). A probability of less than 0.05 (p<0.05) was
considered to be statistically significant. Diet specific
differences were compared with ND and treatment
specific differences were compared with HFD.

Average body weight per rat (g)

Results

Physical characteristics and energy intake

First, we analyzed the effect of diet and
treatment on body weight, organ weight and food intake.
From week 4 onwards, all groups fed high fat diet (HFD,
HFD+RGZ, HFD+CLA, HFD+RGZ+CLA) were ~20 %
heavier than normal diet (ND) (Fig. 1A). Organ weights
were similar in all groups except fat pads including
epididymal, perirenal and mesenteric fats, the weight of
groups fed high fat diet were 1.3 to 2.7 folds higher than
normal diet (Table 1). However, no treatment specific
difference was observed (p>0.05). Energy intakes, in
kilojoules measured weekly, were similar across all

groups (Fig. 1B).

Blood glucose and insulin

Since hyperglycemia and insulin resistance are
major hallmarks of T2DM and metabolic syndrome (Kaur
2014), we measured the fasting blood glucose and insulin
levels to determine the effect of the diet and/or treatment
of glycemia.

The fasting blood glucose levels were found to
be similar across all groups (Fig. 2A). All rats were found
to have similar glucose clearance with respect to OGTT
(Fig. 2B). In addition,

whilst rats belonging to

192



732 Chaiet al.

Vol. 67

HFD+RGZ, HFD+CLA and HFD+CLA+RGZ groups
geared towards improved insulin sensitivity as shown by
homeostatic model assessment of insulin resistance

(HOMA-IR) index (Fig. 2C), they were not statistically
different from ND or HFD control groups.

Table 1. Effects of diet and treatment on organ weights.

ND HFD HFD+RGZ HFD+CLA  HFD+RGZ+CLA
Heart (g) 1.28 £0.07 1.47+0.05 1.52+0.10 1.51+0.04 1.43+£0.04
Liver (g) 10.67 + 0.06 10.33+0.46 11.00+0.11 11.19+0.35 10.00 + 0.66
Fat pads
Epididymal fat (g) 4.24 +£0.45 8.15 £+ 0.96* 7.90+ 0.14* 9.06 + 0.99* 7.50+ 0.97*
Perirenal fat (g) 3.8+046 8.64+14%* 9.81+1.16* 10.54 + 0.89* 8.87+1.20%
Mesenteric fat (g) 2.14£0.26 3.39+045* 3.78+ 0.32* 3.60+ 0.23* 2,92+ 0.48*
Pancreas 1.03+0.14 145+0.18 1.30+0.18 1.61+0.15 1.50+0.18
Kidneys
Right kidney (g) 1.46 £0.11 1.54+0.08 1.62+0.13 1.69+0.08 1.60 £ 0.06
Left kidney (g) 1.44+0.11 1.50+0.08 1.56 £0.14 1.67+0.04 1.57 £0.08
Gastrocnemius muscle (g) 2.23 £0.36 233+0.18 3.00 £0.50 2.21+£0.10 2.16£0.16
Soleus muscle (g) 0.16 +£0.01 0.20+0.02 0.19+0.01 0.20+ 0.07 0.20 £0.02
Data were presented as mean + SEM, n=6 for each group. * p<0.05 compared to ND.
HED+ B0k < ND 4 HFD + CLA
< ND v # T~
o HED + HFD+RGZ+CLA & 50| *HP *- HFD + CLA+ RGZ
aas B e « HFD + RGZ
o - HFD + RGZ (=)
= ¥ 15
3 400 g
(T 1 ©
2 £ 1.0
> | >
B 300 g 0.5
m 200! Before treatment ﬁ 0.0

0 2 4 6 8
Week

10

12

Week

10 12

Fig. 1. Effect of diet and treatments on body weight and energy intake. (A) Body weight of Sprague-Dawley rats throughout the study.
(B) Average energy intake of Sprague-Dawley rats throughout the study. Data is presented as mean * SEM, n=6 in all groups.

#p<0.05 compared to ND.

Serum lipoprotein levels and ratios

HFD+RGZ and HFD+CLA

have

shown 1.3 folds

Atherogenic dyslipidemia is one of the critical
metabolic characteristic of T2DM (Mooradian 2009),
hence various serum lipid markers of dyslipidemia were
measured. As depicted in Figures 3A and 3D, neither diet
nor treatments have altered the serum TC and triglyceride
levels. The serum LDL level was 46 % reduced in
HFD+CLA+RGZ group in comparison to HFD alone
(p<0.05, Fig. 3B). Conversely, animals from HFD,
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elevated levels of HDL compared to ND (p<0.05),
whereas HFD+RGZ+CLA have 25 % suppressed serum
HDL than HFD group and the level was similar to the
level measured in ND group (Fig. 3C). A plethora of
published studies reported that cholesterol ratios,
especially LDL:HDL, TC:HDL and non-HDL:HDL
ratios have been recognized as the critical markers of
and widely used to assess

atherogenicity are
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cardiovascular risk (van Deventer et al. 2011, Hermans et
al. 2007, Lu et al. 2003). As shown in Figures 4A and

4B, the TC:HDL and non-HDL:HDL ratios

in the
animals received HFD or HFD+RGZ+CLA was 2-folds

higher than ND (p<0.05), whereas no significant changes
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observed for HFD+RGZ and HFD+CLA. Although the
LDL:HDL ratio was lower in treatment groups (Fig. 4C),
they were not significantly different compared to ND and
HFD, respectively (p>0.05).

Fig. 2. Effect of diet and treatment
on glycemia (A) Measurement of
blood glucose level. Blood glucose
on week 5 and week 8 measured
using tail prick method; terminal
blood glucose on week 13 measured
using glucose assay kit. Data is
presented as mean + SEM, n=6 in
all groups. (B) Oral glucose
tolerance test (OGTT). A day before
the 12 week, rats were fasted
overnight before undergoing oral
glucose tolerance test. (C) HOMA-IR
of rats at termination. Data were
presented as mean + SEM, n=6 in
all groups.

Fig. 3. Effect of diet and treatments
on lipid profiles. (A) Total
cholesterol. (B) LDL-cholesterol.
(C) HDL-cholesterol. (D) Triglyce-
rides. Data were presented as
mean + SEM, n=6 in all groups.
* p<0.05 compared to ND. *p<0.05
compared to HFD.
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Isoprenaline-induced vasorelaxation

A set of preliminary experiments were
conducted to optimize the experimental conditions for
isoprenaline-induced relaxation (data not shown). The
degree of initial contraction induced by 0.1 uM
phenylephrine for both control and treatment groups

A _ B

TC:HDL
Non-HDL:HDL

LDL: HDL

The effect of diet and treatment on isoprenaline-
induced vascular relaxation in isolated aortic rings
excised from the rats was examined. The endothelial
layer was removed on some of the aortic rings to check if
the endothelium has been affected by the various
treatments.  All isolated aortic exhibited
concentration-dependent vasodilatation in response to

rings

isoprenaline as the vasodilator.
analysis  indicated that the
vasorelaxation was significantly different between ND,
HFD and HFD+RGZ+CLA regardless of endothelial
presence (Figs SB and 5C).

Among endothelium intact rings (Fig. 5B), all

Repeated measures
isoprenaline-induced

rings fed HFD, regardless of treatments were more
responsive than ND. HFD+RGZ+CLA was the most
responsive to isoprenaline. This was followed by HFD.
The responsiveness of HFD+RGZ is intermediate of HFD
and HFD+RGZ+CLA, while HFD+CLA is intermediate
of HFD and ND. All groups exhibited similar pEC50 and
R, (Table 2 and Fig. 5B). However, the trend was
reversed in endothelium denuded rings (Table2 and
Fig. 5C). worsened the

Removal of endothelium
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either without or with endothelium were not
statistically significant (p>0.05; data not shown).
A representative  trace  of  isoprenaline-induced
relaxation in aortic rings excised from SD rats fed

normal rodent chow diet is shown in Figure 5A.

Fig. 4. Effect of diet and treatments on
lipoprotein ratios. (A) TC:HDL ratio.
(B) non-HDL:HDL ratio. (C) LDL:HDL
ratio. Data were presented as
mean + SEM, n=6 for each group.
*p<0.05 compared to ND.

isoprenaline-induced vasorelaxation in all HFD and
treatment groups. The relaxation was severely affected in
aortic rings obtained from HFD+RGZ+CLA treated
animals (pEC50=6+0.2, R,;,,x=53.6+4.7 %) compared to
ND (pEC50=7+0.2, R,.=113£22 %). Likewise, aortic
rings from both HFD and HFD+CLA had diminished
response to  isoprenaline  compared to ND
(PEC50=6.6+0.1, R,,,,=93+24.2 % and pEC50=6.4+0.4,
Ryax=77.70+22.8 %, respectively). Notably, the efficacy
and potency of isoprenaline was significantly reduced in
endothelium denuded aortic rings in comparison to
endothelium intact aortic rings of HFD+RGZ+CLA

treated rats (Endothelium intact: pEC50=7+0.2,
R,,:=100+9.9 % VS. endothelium denuded:
pEC50=6+0.2, R,;=53#4.7%) (Figs5B and 5C),

indicating the critical role of endothelium in protecting
the PPAR agonists-mediated atherogenic risks.

Discussion

Our key findings of this study were that the
co-administration of CLA and rosiglitazone to SD rats
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fed HFD (60 % energy from fat) had elevated TC:HDL
and non HDL:HDL
HDL level, and a marked decrease in endothelium-
independent aortic relaxation, suggesting that CLA and
rosiglitazone precede the atherogenic state and impaired
endothelium-independent vasodilatation despite the
reduction of HFD-induced insulin resistance.

ratio, suppressed LDL and

There have been previous efforts to examine
feeding rosiglitazone and CLA alone in rodent models
fed with HFD. Dietary supplementation with CLA for
seven weeks, regardless of isomer composition, led to
an improvement in glucose tolerance, insulin resistance
and serum triglycerides (Choi et al. 2004). Likewise,
treatment with rosiglitazone improved insulin sensitivity
with a side effect of increasing serum LDL (Zhao et al.

A

ik

PE -10 95 -9 -85 -8 -75 -7 65 -6
(0.1uM)

Isoprenaline (log M)

ov)

Tissue relaxation
(% PE 1x107M-induced tone)
(3]
(=]

1004

-10 8 6 4

g}
S

(3,
o
1

100+

Tissue relaxation
(% PE 1x10"'M-induced tone)

10 8 5 4
Isoprenaline (log M)

196

2012). It is noteworthy that in this study SD rats were
treated for four weeks to induce acute, instead of chronic
effects as showed previously (Lessard et al. 2007, Murthy
et al. 2005, Umrani et al. 2002). The onset of insulin
resistance in animals can be influenced by a number of
factors such as feeding period, type of fat in the diet and
genotype of animals. We observed neither change in
tolerance nor obvious insulin resistance
following 12 weeks of HFD. We reason that the rats used

in our study possibly mimic the obesity resistant

glucose

phenotype, since we did not observe significant
impairments in glucose tolerance following HFD
supplementation for 12 weeks, whilst rats gained

marginal rise in body and fat pad weights compared to
their normal diet counterparts (Dake and Oltman 2015).

Fig. 5. Effect of diet and treatments
on isoprenaline-induced aortic ring
relaxation. (A) Representative trace of
isoprenaline-induced  aortic ring
relaxaton of normal SD rats.
(B) Relaxation of endothelium-intact
aortic rings. (C) Relaxaton of
endothelium-denuded aortic  rings.
Data were presented as mean + SEM,
n=4-6 for endothelium intact and n=3
for endothelium denuded. For B and
C, statistical significance is indicated
by letters next to the legends, groups
having the same letter(s) are not
significant from each other.
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Table 2. pEC50 and maximal relaxation (R.sy) of aortic rings isolated from rats.

ND HFD HFD+RGZ HFD+CLA HFD+RGZACLA
PEC50E+ 7414+£0236 7.271+0.239 7979+ 0453 7.128+0.2414 7.453 +(0.2088
PECS50E- 7.105+0.176 6.600+0.127 6.583 +0.375* 6.398+0.3754 6.133 £0.231*
Ry« E+ (% PE induced tone) 89.75+6.95 102.50+13.18 91.00+12.02 8593 +6.16 100.2 £9.92
Ry E- (% PE induced tone) 113.4+22.45 93.19+£2415 90.60+£29.71 77.70+22.81 53.58 + 4.68*

Data were presented as mean + SEM. *p<0.05 compared to E+.

Alternatively, as observed in earlier studies (Pranprawit
et al. 2013, Stark et al. 2000, Xu et al. 2010), the period
of less than 12 weeks is too short to induce metabolic
changes in obesity resistant rats. In contrast, Huang et al.
(2004) reported reduction in glucose tolerance after
8 weeks of high fat diet feeding. It is apparent that no
standardization of diet-induced obesity exists in literature
despite using the common strain of SD rats. In a study
that report the body weight reduction in SD rats with
dietary supplementation of CLA, the animals have been
fed with CLA from the beginning of the study together
with HFD; moreover CLA elicits isomer-specific effects
(Choi et al. 2004). Conversely, in another study dietary
supplementation of CLA mixture for 6 weeks in rats
showed no change in body weight (Moya-Camarena et al.
1999). Thus, our observation that the absence of weight
reduction following oral administration of CLA mixture
(0.2 g/day) for 4 weeks in SD rats pre fed with HFD for
8 weeks could be explained by the duration of CLA
supplementation and isomer composition of CLA
mixture.

Dyslipidemia is linked to vascular dysfunction in
T2DM (Dixon et al. 1999). Generally,
circulating concentration of HDL is associated with
lowered risk HDL are
lipoprotein particles that mediate reverse cholesterol
transport (RCT) with apolipoprotein A as the major
protein component. Beyond its role in RCT, HDL binds
to scavenger receptor (SR)-B1 and SR-B2 and directly
exerts vasoprotective effects on the endothelium
(Calabresi 2003). As demonstrated previously by Hayek
et al. (1993), the increase in HDL is typical in rodents fed
HFD. Thus, the HDL rise in our study is possibly
an adaptive response to maintain vascular tone to
compensate the increased atherogenicity brought by HFD.

CLA are known to be weak PPARo agonists
(Moya-Camarena et al. 1999). While
rosiglitazone and CLA are difficult to come by, our
observation of HDL reduction in HFD+CLA+RGZ

increased

of cardiovascular disease.

studies of

197

treated rats is in agreement with the previous
observations in case reports (Im ef al. 2010, Normen et
al. 2004, Schwing et al. 2010) and a clinical trial (Linz et
al. 2014) in which rosiglitazone and fenofibrate,
acommonly prescribed PPARo  agonist,
simultaneously administered to human patients. Whilst
the biological actions of CLA on HDL and insulin
sensitivity were complicated by isomer and composition
dependence, our observation that a 1:1 mixture of ¢9.t11
and t10,c12-CLA increases HDL level is similar to
arecent published study conducted in Wistar rats fed
HFD (de Almeida et al. 2015). We have noted that
HFD+RGZ+CLA brought about suppression of LDL and
HDL without significant reduction in LDL:HDL ratio.
Since fractions outside LDL and HDL are also involved

were

in atherogenesis, we make use of the non-HDL:HDL
ratio, also known as the atherogenic coefficient, that has
been proposed to be better predictors of cardiovascular
risks (Hermans et al. 2007, Kim et al. 2013). Another
ratio, TC:HDL, is linked to non-HDL:HDL by a linear
relationship.  Both  ratios  were
HFD+RGZ+CLA group despite having
HDL level with ND suggesting increased atherogenicity,
that is corroborated with the decreased ability of aortic
rings to respond to isoprenaline-mediated vasodilatation
in HFD+RGZ+CLA treatment group.

It is well established that the changes in vascular
function when fed an atherogenic diet precede the onset
of insulin resistance and cardiovascular diseases. In
agreement with these studies (Garcia-Prieto et al. 2015,
Stark et al. 2000), we observed diminished endothelium-
independent vasodilatation without significant changes in
glycemia. The vascular endothelium forms the inner
lining of blood vessels and plays important role in
maintaining vessel physiology (Deanfield et al. 2007,
Hadi ef al. 2005). Under physiological conditions, blood
vessels are kept quiescent and dilated by endothelial
secretion such as nitric oxide (NO). However, endothelial
denudation due to apoptotic loss of endothelium is known

increased  in
similar
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to occur under the diabetic and insulin resistant state
(Avogaro et al. 2011, Sena et al. 2013). The increased
responsiveness in HFD-fed endothelium intact rings may
be an acute adaptive response to high circulating
lipoproteins. Similar observations were recorded in obese
spontaneously hypertensive rats (Kagota et al. 2004).

Isoprenaline-induced vascular relaxation is
dependent on B-adrenergic receptors present on both
endothelium and vascular smooth muscle (VSM)
(Akimoto et al. 2002). Endothelium independent
relaxation of VSM is mediated by NO produced in situ
(Bembhardt et al. 1991). Our observation of vascular
impairment in rosiglitazone fed endothelium denuded
rings agrees with a previous finding, which stemmed
from the improvement in endothelial production of NO
but impaired response of VSM in rats (Onuta et al. 2008).
The decreased responsiveness of endothelium denuded
rings can be explained by rosiglitazone, via PPARY,
induced upregulation of CD36 in the VSM (Ballesteros et
al. 2014, Kleinhenz et al. 2015), as CD36 is responsive to
LDL and lead to inhibition of ¢cGMP synthesis in the
VSM (Isenberg et al. 2009). Conversely, it has been
reported that t10,c12-CLA increases NO formation in
human endothelium (DeClercq et al. 2012a), nonetheless
our observations warrant further studies to elucidate
the precise mechanisms by which CLA modulate
endothelium-independent relaxation.

The ability of aorta to constrict in obesity has
been shown to be impaired due to many factors, including
overnutrition of dietary fats (Stapleton et al. 2008). It has
been previously reported that under certain environmental
stressors, including HFD, the VSM cells tends to lose its
contractile ability due to the remodeling of VSM into
synthetic phenotype (Beamish et al. 2010). Watts et al.
(2012)
phenylephrine-mediated contraction in aorta excised from

have demonstrated the impairments in
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Abstract Dysregulated hepatic gluconeogenesis is a hall-
mark of insulin resistance and type 2 diabetes mellitus
(T2DM). Although existing drugs have been proven to
improve gluconeogenesis, achieving this objective with
functional food is of interest, especially using conjugated
linoleic acid (CLA) found in dairy products. Both cis-9,
trans-11 (c9,t11) and trans-10, cis-12 (t10,c12) isomers of
CLA were tested in human (HepG2) and rat (H41IIE) hepa-
tocytes for their potential effects on gluconeogenesis. The
hepatocytes exposed for 24 h with 20 pM of ¢9,t11-CLA
had attenuated the gluconeogenesis in both HepG2 and
H4IIE by 62.5% and 80.1%, respectively. In contrast,
t10,c12-CLA had no effect. Of note, in HepG2 cells, the
exposure of ¢9,t11-CLA decreased the transcription of
gluconeogenic enzymes, cytosolic phosphoenolpyruvate
carboxykinase (PCKI) by 87.7%, and glucose-
6-phosphatase catalytic subunit (G6PC) by 38.0%, while
t10,c12-CLA increased the expression of G6PC, suggesting
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the isomer-specific effects of CLA on hepatic glucose pro-
duction. In HepG2, the peroxisome proliferator-activated
receptor (PPAR) agonist, rosiglitazone, reduced the glucose
production by 72.9%. However, co-administration of
c9,t11-CLA and rosiglitazone neither exacerbated nor
attenuated the efficacy of rosiglitazone to inhibit glucose
production; meanwhile, t10,c12-CLA abrogated the effi-
cacy of rosiglitazone. Paradoxically, PPARy antagonist
GW 9662 also led to 70.2% reduction of glucose produc-
tion and near undetectable PCK/ expression by abrogating
CLA actions. Together, while the precise mechanisms by
which CLA isomers modulate hepatic gluconeogenesis
directly or via PPAR warrant further investigation, our find-
ings establish that ¢9,t11-CLA suppresses gluconeogenesis
by decreasing PEPCK on hepatocytes.

Keywords Conjugated linoleic acid - Gluconeogenesis -
Glucose-6-phosphatase - Phosphoenolpyruvate

carboxykinase - Rosiglitazone
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Abbreviations

ATCC  American Type Culture Collection

CLA conjugated linoleic acid

DMEM  Dulbecco’s modified Eagle’s medium

DMSO  dimethyl sulfoxide

G6PC  glucose-6-phosphatase catalytic

HGP hepatic glucose production

LDL low density lipoprotein

LNA linoleic acid

MTT 3-[4-5-dimethylthiazol-2-yl]-2-5-diphenyl tetra-
zolium bromide

PBS phosphate buffer saline
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PCKI cytosolic phosphoenolpyruvate carboxykinase
PEPCK phosphoenolpyruvate carboxykinase
PPAR  peroxisome proliferator-activated receptor

RT- reverse-transcription  quantitative polymerase

qPCR chain reaction

SEM standard error of mean
T2DM  type 2 diabetes mellitus
Introduction

Milk and dairy products are generally regarded worldwide as
the key sources of vital nutrients for maintaining health
(Givens, 2018). Regular consumption of dairy products has
been demonstrated to lower the incidence of many chronic
diseases including metabolic and vascular diseases (Rice,
2014; Shin et al., 2017). Consequently, there is spurring inter-
est in unleashing the nutritional value and molecular mecha-
nism by which the constituents of dairy food elicit health
benefits. In this regard, one of the nutrients in the dairy prod-
uct that have gained enormous attention for its beneficial
effects on metabolic and vascular diseases is conjugated lin-
oleic acid (CLA) (Benjamin and Spener, 2009; Dilzer and
Park, 2012; Fuke and Nornberg, 2017; Kim et al., 2016).

CLA are conjugated octadecadienoate (18:2, n-7) with
conjugated double bonds. CLA is synthesized by the action
of A% desaturase in ruminants (Griinari et al., 2000; Kay
et al., 2004) and can be enriched in milk by increasing the
amount of linoleic acid (LNA) in animal feed (Kelly et al.,
1998). The cis-9, trans-11 (c9,t11) is the isomer with the
highest natural abundance (Bhattacharya et al., 2006;
Churruca et al, 2008), whereas the trans-10, cis-12
(t10,c12) isomer occurs in low amounts (Bhattacharya
et al., 2006; Dilzer and Park, 2012). Commercial prepara-
tions of CLA result in equal amounts of ¢9,t11 and t10,c12
isomers (Kramer et al., 2004), which are known as CLA
mixture or 50:50 CLA.

CLA treatment has been shown to promote weight loss
in obese animals (Houseknecht et al., 1998), prevent car-
diac hypertrophy and blood pressure elevation in spontane-
ously hypertensive rats (Alibin et al., 2008), and decrease
low-density lipoprotein (LDL) cholesterol in obese insulin-
resistant rats (Noto et al., 2006) and healthy human subjects
(Noone et al., 2002). These distinct properties of CLA sug-
gest that CLA exert insulin-like effects and could modulate
the central regulation glucose and lipid homeostasis.
Despite the compelling evidence that indicates CLA
mimics the properties of insulin in a number of tissues
involved in glucose and lipid metabolism including skeletal
muscle (Mohankumar et al., 2012, 2013) and adipose tissue
(DeClercq et al., 2012), there is insufficient information to
delineate the molecular mechanism of CLA in liver.
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The liver plays a central role in blood glucose homeosta-
sis by regulating glycogenolysis, breakdown of glycogen
into glucose and gluconeogenesis, and endogenous synthe-
sis of glucose from substrates including lactate, pyruvate,
glycerol, and alanine.

Gluconeogenesis is strictly regulated by insulin. The rise
in glucose levels triggers an insulin response to control the
blood glucose levels in the 4-10 mmol/L range. Insulin
inhibits the transcription of the gene-encoding phospho-
enolpyruvate carboxykinase (PEPCK), the rate-limiting
step of gluconeogenesis (Girard, 2006a). In addition, insu-
lin decreases the transcription of gene-encoding glucose-
6-phosphatase (G6P/G6PC) but increases transcription of
glycolytic enzymes such as glucokinase and pyruvate
kinase (Dentin et al., 2007).

In type 2 diabetes mellitus (T2DM), the rate of gluconeo-
genesis is substantially elevated, which results in an excess
production of glucose in liver leading to hyperglycemia
(Boden et al., 2001). Currently, it is unclear whether the
uncontrolled increase in hepatic glucose production (HGP) is
due to the direct or indirect effects of insulin. The direct effect
is caused by the interaction of hepatic sinusoidal insulin with
the hepatocyte insulin receptor (Gupta, 2006), while the indi-
rect effect is due to the insulin action on muscle and adipose
tissue to decrease the availability of glucogenic precursors
(Girard, 2006b). Given the hyperglycemia due to elevated
glycogenolysis is negligible compared to gluconeogenesis in
T2DM (Girard, 2006a; Hundal et al., 2000), therapeutic
approaches focused on combating dysregulated gluconeogen-
esis in T2DM could have a potential role in future treatment
and management of metabolic diseases (Giralt et al., 2018).
Thus, it will be of great nutritional value if we could use the
components from dairy food to modulate the gluconeogenesis
process. Of note, published studies using CLA mixtures have
shown the effectiveness in reducing hepatic gluconeogenesis
(Cantwell et al., 1999; Conde-Aguilera et al., 2012). How-
ever, to our knowledge, no study has reported the direct
effects and molecular dynamics of pure isomers of CLA on
gluconeogenesis in hepatocytes. In this study, we tested the
cellular effects of two common CLA isomers, ¢9,t11-CLA
and t10.,c12-CLA, on gluconeogenesis by hepatocytes.

Materials and Methods
Cell Culture and Treatments

The following liver cells, HepG2 (ATCC® HB 8065™)
and H4IIE (ATCC®CRL1548™), were obtained from the
American Type Culture Collection (ATCC, Manassas, VA
20110, USA). Cells were cultured in «-MEM (Nacalai Tes-
que, #21445-95, Japan) supplemented with 10% fetal
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bovine serum (Sigma, SIG#F7524, USA) and 100 U/mL
Penicillin-Streptomycin ~ (Nacalai Tesque, #26253-84,
Japan). The cells were grown in a 75 mL flask (SPL Life
Sciences, SPL#70075, South Korea) and maintained in the
incubator at 37°C, 5% CO, (ESCO, CCL-170B-8, Singa-
pore). The growth media were refreshed every 2-3 days.
Upon reaching 80-90% confluence, the cells were pas-
saged. Briefly, the cultured cells were washed with 2 mL of
phosphate buffer saline to remove the dead cells and serum.
The cells were then incubated for 5-10 min with 2 mL of
0.5% Trypsin-EDTA (Nacalai Tesque, #35554-64, Japan).
Following this, 8 mL of media was added and centrifuged
at 3000 rpm for 5 min at 4°C. The harvested cells were
then rinsed with phosphate buffer saline (PBS) and homog-
enized with growth media. The cells were counted in hemo-
cytometer (Hirschmann Laborgerate, EM Techcolor,
Germany) before subculturing or seeding experimental
plates. All experiments were carried out with cells at 5-15
passage unless otherwise mentioned.

Source of the treatment agents was: Insulin (Eli Lilly,
Humulin R U-100, USA), LNA (Cayman Chemicals, #90150,
USA, purity: 99%), Rosiglitazone (Cayman Chemicals,
#71740, USA, purity: >98%), GW 9662 (Tocris Bioscience,
#GZ-1508, USA, purity: >98%), c9,t11-CLA (Cayman
Chemicals, #90140, USA, purity: >98%), and t10,c12-CLA
(Cayman Chemicals, #90145, USA, purity: >98%). Fatty
acid-based treatments such as LNA, ¢9.t11-CLA,
t10,c12-CLA, and insulin were prepared in 100% ethanol.
Rosiglitazone and GW 9662 were dissolved in dimethyl sulf-
oxide (DMSO; Sigma, USA). Final concentrations of the sol-
vents in cell culture treatments were 0.084% for insulin,
0.33% for c9,t11-CLA, 0.33% for t10,c12-CLA, 0.20% for
LNA, 0.1% for rosiglitazone, and 0.1% for GW9662.

Cell Viability Assay

HepG2 and H4IIE were seeded at 1 x 10* cells per well
and left to incubate for 24 h. Cells were exposed to concen-
trations of ¢9,t11-CLA and t10,c12-CLA at 0, 5, 15, 20,
30, 50, 70, and 100 pM in serum-free media for 24 h. Cell
viability =~ was  determined using the  3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay (Ehrich and Sharova, 2001).

In vitro Glucose Production Assay

The glucose production assay was conducted based on a
published protocol (Matsumoto and Sakai, 2012). Briefly,
the cells were seeded at 2.8 x 10° per well for HepG2 and
2.0x% 10° per well for H4IIE, in a 12-well plate and incu-
bated for 48 h. Cells were serum starved for 8 h, then glu-
cose starved for 1 h. The cells were then incubated in
500 pL glucose production medium, consisting of glucose
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and phenol red-free Dulbecco’s modified Eagle’s medium
(DMEM) (Thermo Scientific, #A14430-01, USA) with
20 mM sodium lactate, 2 mM sodium pyruvate (Nacalai
Tesque, #06977-34, Japan), 2 mM L-glutamine (Nacalai
Tesque, #16948-04, Japan), and 15 mM HEPES (Nacalai
Tesque, #17557-94, Japan) for 24 h. Treatments were
added to their final concentrations in the glucose produc-
tion medium and incubated for 24 h.

A volume of 50 pL of the glucose production medium was
assayed with the Amplex Red Glucose/Glucose Oxidase Assay
Kit (Thermo Scientific, #A22189, USA). Glucose concentra-
tion in the glucose production media was tabulated in pM.
Cells remaining in each plate well were lyzed with NP-40
(NP-40 Cell Lysis Buffer, 2007) to obtain respective protein
concentration using the Bradford assay (Sigma-Aldrich,
#B6916, USA) (Kruger, 2002). The glucose concentration
obtained from each well was normalized with respective pro-
tein concentration and presented as pM glucose per pg protein.

Reverse-Transcription Quantitative Polymerase Chain
Reaction

The treatment steps for reverse-transcription quantitative
polymerase chain reaction (RT-qPCR) were identical to
those of in vitro glucose production assay, except that assay
was done in 1 mL of glucose production media in a 6 well
plate (Yoon et al., 2001). At the end of the treatment, RNA
was extracted with the RNeasy Mini Kit (Qiagen, #74104,
USA). ¢cDNA was synthesized with the Bioline Tetro
c¢DNA Synthesis Kit (Bioline, #65043, UK) according to
manufacturer’s instructions. Quantitative PCR was per-
formed with KAPA SYBR Fast qPCR Master Mix (KAPA
Biosystems, KAPA-KK4600, USA) and lllumina Eco Real
Time PCR System (Illumina, ECI01-1001, USA)
according to the manufacturer’s protocol. Target gene
expression was normalized against the acidic ribosomal
phosphoprotein PO, also known as 36B4 (Akamine et al.,
2007). Results were analyzed using the comparative thresh-
old cycle method (Schmittgen and Livak, 2008).

Primer sequences used for RT-qPCR were as follows
(Integrated DNA Technologies, Singapore): PPARG for-
ward: CGTGGCCGCAGATTTGAA; PPARG reverse: CT
TCCATTACGGAGAGATCCAC; PCK! forward: AAGA
GACACAGTGCCCATCC; PCKI reverse: ACGTAGGGT
GAATCCGTCAG; G6PC forward: GAGACTGGCTCAA
CCTCGTC; G6PC reverse: CCTGGTCCAGTCTCACAG
GT; RPLPO forward: CCGTGATGCCCAGGGAAGACA
G; RPLPO reverse: TTAGTCGAAGAGACCGAATCCC.

Statistical Analysis

All data were presented as mean + standard error of mean
(SEM). Statistical tests were performed using one-way
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analysis of variance with the Tukey’s post-hoc test using  to elucidate any structure-specific or isomer-specific

GraphPad Prism version 7.03 (GraphPad Software, USA). effects.

For multiple comparisons, a significance level of less than As shown in Fig. 2a, the HepG2 cells exposed to

0.05 (p < 0.05) is considered significant. For gene expres- 100 nM insulin for 24 h had reduced glucose production as

sion, a fold change of more than 2 accompanied by a sig-  expected. Administration of 20pM of ¢9,t11-CLA

nificance level of less than 0.05 is considered significant. decreased glucose production by 62.5% compared to
untreated cells (p < 0.001, Fig. 2a). Conversely, the expo-
sure of HepG2 cells with 20 pM of t10,c12-CLA rendered

Results no change in glucose production (p > 0.05). Of note,
administering both CLA isomers (10 pM of c9t11-CLA
Cell Viability Assay and 10 pM of t10c12-CLA) reduced the glucose production

by 42.6% (p <0.05, Fig. 2a). Administering 20 pM of

HepG2 and HAIIE cells were treated with increasing con- ~ LINA rendered no change of glucose production in both

centrations of ¢9,t11-CLA and t10,c12-CLA in serum-free ~ HePG2 and H4IIE (Fig. 2a, b).

medium to assess their cytotoxic effects on cells as well as To further validate the results obtained from HepG2,
to determine a suitable concentration for subsequent experi- human hepatocarcinoma cells, the effects of CLA isomers
ments. Generally, cell viability decreased with increasing on glucose production were tested in H411E, rat hepatoma
concentrations. In HepG2, ICso was 37 uM for ¢9,t1 1-CLA cells.

and 50 uM for t10,c12-CLA (Fig. 1a). For H4IIE, ICso was In H4IIE cells (Fig. 2b), it was found that administration
76.6 uM for ¢9,t11-CLA and 71 pM for t10,c12-CLA of 100 nM insulin, 20 uM of ¢9,t11-CLA, and 1:1 mixture
. y of CLA isomers has significantly reduced the glucose pro-

duction by 69.9%, 80.1%, and 65.7%, respectively, com-
pared to control (p < 0.01). Similar to the observations in
HepG2 cells, administration of 20 pM of t10,c12-CLA led
to no change in glucose production in H4IIE cells.
Together, these results were comparable to the results
obtained from HepG2 cells.

(Fig. 1b). From this assay, 20 pM was chosen for both
CLA isomers in subsequent assays, as this concentration
showed efficacy without compromising cell viability.

Effect of Isomers of CLA on HGP

To determine whether isomers of CLA directly act on hepa-
tocytes to modulate gluconeogenesis, both human and rat
hepatoma cells were separately exposed to 20puM  Effect of CLA Isomers on the Expression of PCKI and
¢9,t11-CLA and t10,c12-CLA. As insulin has been well G6PC in HepG2

demonstrated to suppress the gluconeogenesis (Hatting

et al., 2018), insulin (100 nM) was used as a positive To elucidate whether the effects of CLA isomers on HGP
control in all experiments. Also, 20 uM linoleic acid  are linked with the downregulation of hepatic
(LNA)C18:2 n-6) was tested in parallel with CLA isomers  gluconeogenic enzymes, the HepG2 cells exposed to CLA

(@) (b)
ol - c9,t11-CLA 1554 e cOt11-CLA
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1
2> 100 3
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Fig. 1 Cell viability of HepG2 and H4IIE when treated with ¢9,t1 1-CLA and t10,c12-CLA. (A) HepG2 (B) H4IIE. Cells grown in 96 well plates
were treated with increasing concentration of ¢9,t1 1-CLA and t10,c12-CLA in serum-freemedium for 24 h. The percentage of cell viability was
determined using the MTT assay. Data were presented as mean £+ SEM (standard error of mean)

WILEY AOCS& Lipids (2019)

205



Lipids

(@) ~ (b)
— 8 i

Et g
= a =
=21 T 2 -
c a c 64 5
g T g =
£ a ab S
g T bc - S 44
Q -~ e b
c 14 b g 5 T
0 o b
;, T @ B- T b - =
S 8 T
5 3
w 0 1 1 1 L 1 o 0 1] T 1 1] 1 LI

O e O > RS O

R & N N F 5 R ¢ N N N 5
N o (&) 2 N < &
N) o 'S o N % g o
] ‘{\Q‘ N < p@‘ &
WV ) WV

Fig. 2 Glucose production by HepG2 and H4IIE cells exposed with conjugated linoleic acid (CLA) isomers. (A) HepG2 or (B) H41IE cells
grown in 24 well plates were serum and glucose starved. They were then incubated for 24 h with the treatments including: 10 pL of PBS
(untreated control), 100 nM of insulin, 20 pM of ¢9, t11-CLA, t10c12-CLA. or CLA mix: c9.t11 10 pM + t10,c12 10 pM, respectively, and
20 pM linoleic acid. A volume of 50 pL of media from each well was assayed to quantify the glucose content with the Amplex Red
Glucose/Glucose Oxidase Assay Kit. The glucose concentration obtained from each well was normalized with respective protein concentration
and presented as pM glucose per pg protein. Data were mean £+ SEM (standard error of mean), n = 6 independent experiments. Groups with dif-
ferent letters on top of bar indicate statistical significance

isomers were analyzed for the mRNA expression of
PEPCK, specifically cytosolic phosphoenolpyruvate car-
boxykinase (PCK!) and glucose-6-phosphatase catalytic
subunit (G6PC) in HepG2 cells and compared with
untreated control.

The HepG2 cells exposed to 100 nM insulin led to
82.47% reduction of PCKI expression (p < 0.05, Fig. 3a)
but not G6PC (Fig. 3b) compared to control. Likewise, the
reduction of gluconeogenesis in ¢9,t11-CLA administration
was accompanied by 87.7% reduction in PCK/ expression
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Fig. 3 HepG2 mRNA expression of gluconeogenic genes when treated with conjugated linoleic acid (CLA). Serum-deprived and glucose-
deprived HepG2 cells were cultured in 24 well plates and incubated for 24 h with the treatments including, 10 pL of PBS (untreated control),
100 nM of insulin, 20 pM of ¢9, t11-CLA, t10c12-CLA, or CLA mix: 10 pM of ¢9,t11+ 10 pM of t10,c12, respectively, and 20 pM linoleic acid.
The RNA was isolated from respective treatment wells, cDNA was synthesized and the quantitative polymerase chain reaction (qPCR) was per-
formed. Target gene expression (A) PCK/ and (B) G6PC was normalized with RPLPO as the reference gene. Results were analyzed using the
comparative threshold cycle method. All data were mean 4 SEM (standard error of mean), n = 6 independent experiments. A fold change of
more than 2 accompanied by different letters on top of bar indicates statistical significance.
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(p < 0.05, Fig. 3a) and but no significant reduction in G6PC
(Fig. 3b). Conversely, the null effect of t10,c12-CLA is
accompanied by no change in PCKI expression (Fig. 3a)
and a nonsignificant 2.1 fold increase in G6PC expression
(Fig. 3b). Of note, the combined administration of CLA iso-
mers led to 90.6% reduction in PCK/ (p < 0.05, Fig. 3a) but
no change in G6PC (Fig. 3b). The effect of 20 pM of LNA
on both PCK1 and G6PC was found to be insignificant.

Effect of PPAR Agonist or Antagonist on HGP in CLA
Isomer-Treated HepG2

CLA isomers have been shown to be agonists of PPARYy in
adipocytes (Belury et al., 2002; Benjamin et al., 2005). To
understand whether the PPARYy activation or inhibition has
any influence on the effects of CLA isomers on hepatic glu-
coneogenesis, the effect of conventional PPAR agonist or
antagonist in the presence or absence of CLA isomers was
examined. In this regard, we first ensured PPARy (PPARG)
is expressed in HepG2 cells by RT-PCR (Fig. SI,
Supporting Information).

The exposure of HepG2 cells with 10 pM rosiglitazone,
a conventional PPARy agonist led to 72.9% reduction of
glucose production (p <0.05, Fig. 4a). However,
rosiglitazone combined with CLA isomers either individu-
ally or mix had mixed responses. HGP in the combined
¢9,t11-CLA and rosiglitazone had 75% reduced compared
to control (p < 0.05, Fig. 4a). Conversely, the presence of
t10,12-CLA or CLA mix had abrogated the suppressive
effects of rosiglitazone on hepatic gluconeogenesis
(Fig. 4a). The administration of GW 9662 at 10 pM [30], a
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PPARYy antagonist, had 70.2% reduction in hepatic gluco-
neogenesis, compared to control (p < 0.005, Fig. 4b). GW
9662 was found to further decrease HGP when combined
with either individual CLA isomers ¢9,t11 (80.9% reduc-
tion), t10,¢c12 (85.2% reduction) or CLA mix (87.4% reduc-
tion) (p < 0.0001, Fig. 4b).

Effect of PPAR Agonist or Antagonist on PCKI and
G6PC Expression in CLA Isomer-Treated HepG2 Cells

The expression of PCK1 was reduced by 95.0% upon expo-
sure to rosiglitazone alone (p < 0.0001, Fig. 5a). The com-
bination of ¢9,t1 1-CLA, t10,c12-CLA, or CLA mix with
rosiglitazone had 89.8% (p < 0.0001), 92.0% (p < 0.0001),
and 94.% (p <0.0001) lowered expression of PCKI,
respectively (Fig. 5a). In contrast, the expression of G6PC
had changed neither with rosiglitazone alone nor in combi-
nation with individual CLA isomers or CLA mix (Fig. 5b).
As shown in Fig. 5c, the administration of 10 pM GW
9662 led to near undetectable expression of PCK/ either in
the presence or absence of CLA, compared to untreated
control (p < 0.0001). The G6PC mRNA level was found to
be 86% decreased with cotreatment of GW 9662 and
t10,c12-CLA (p <0.05, Fig. 5d); 80.1% decreased with
cotreatment of GW 9662 and CLA mix (p < 0.05, Fig. 5d).

Discussion

Our findings establish that ¢9,t11-CLA is able to act
directly on liver cells to reduce gluconeogenesis by

(b)

—

Glucose concentration (uM/ug)

1 -
i b
|.-.| 2 b b
0 I 1 ] I I
& N Ul P
2 & N & &
& 060 ' § Q.x \\ o\y.
o < x
gl &

Fig. 4 PPAR agonist or antagonist on hepatic glucose production (HGP) in conjugated linoleic acid (CLA) isomer-treated HepG2 cells. Cells
grown in 24-well plates were serum and glucose starved. They were incubated with 10 pM rosiglitazone (A) or 10 pM GW 9662 (B) or cotreated
with CLA isomers for 24 h. Fifty microliters of media were assayed for glucose content with Amplex red glucose/glucose oxidase kit. Data were
mean £ SEM (standard error of mean), n = 6 independent experiments. Different letters on top of bar indicate statistical significance
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Fig. 5 Rosiglitazone or GW 9662 on PCK] and G6PC expression in
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conjugated linoleic acid (CLA) isomers-treated HepG2 cells. Cells grown

in 6-well plates were serum and glucose starved. They were incubated with 10 pM rosiglitazone (A, B) or 10 pM GW 9662 (C, D) or cotreated
with CLA isomers for 24 h. For gene expression, RNA was extracted, cDNA was synthesized and quantitative polymerase chain reaction (qPCR)
was performed. The mRNA expression levels of PCK1 (A, C) and G6PC (B, D) were normalized with RPLPO as the reference gene. Data were

mean + SEM (standard error of mean), n = 6 independent experiment:
bar indicates significance

suppressing the PCKI and this effect was comparable to
rosiglitazone, a PPAR agonist. However, the exposure of
t10,c12 CLA on liver cells have modulated neither the
HGP nor the levels of gluconeogenic enzymes. Of note,
t10,c12 CLA abrogated the effects of rosiglitazone on
HGP. Taken together, our findings suggest the isomer-
specific effects of CLA and the possibilities of dairy food
constituents interacting with PPAR activation or inhibition
to bring about health benefits, which fall into the category
of functional foods. Functional food is defined as “any food
or food ingredient that provides health benefit beyond its
traditional nutritional value” by Institute of Medicine Food
and Nutrition Board (Institute of Medicine, 1994). Unfortu-
nately, recent clinical studies on the effect of CLA in
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glucose homeostasis has been inconsistent and beneficial
effects may not be apparent in low dose and short term
(<16 weeks), but well tolerated across subjects in terms of
safety (Kim et al., 2016).

In T2DM, the increase in hepatic gluconeogenesis is due
to elevated basal gluconeogenesis (Erion et al., 2009).
Hepatic gluconeogenesis contributes to 75% of hepatic glu-
cose output in T2DM, with the rest contributed by glyco-
genolysis and glycogen cycling (Hundal et al., 2000). It
was established that hepatic gluconeogenesis is less sensi-
tive to inhibition by insulin compared to glycogenolysis
(Girard, 2006a). Basal gluconeogenesis is unaffected by
insulin because it is transcriptionally controlled by p300, a
CREB-like protein not regulated by phosphorylation
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(He et al., 2012, 2013). The primacy of gluconeogenesis in
T2DM is demonstrated by the overexpression of PEPCK in
animal models, which developed T2DM-like state with
selective hepatic insulin resistance (Sun et al., 2002; Valera
et al, 1994). Alternatively, persistent activation
gluconeogenic transcription factors lead to hepatic insulin
resistance (Hogan et al., 2015). Although hepatic gluconeo-
genesis may not be the primary contributor to hyperglyce-
mia, it is thought to contribute to a feedback loop that
worsens insulin resistance over time. The improvement of
the metabolic profile in diabetic rats can be achieved by
knocking down PCK! (Goémez-Valadés et al., 2006).
Therefore, inhibition of hepatic gluconeogenesis is a viable
strategy to alleviate hyperglycemia and other symptoms of
T2DM. Because insulin is unable to reduce basal gluconeo-
genesis, compounds able to exert reduction in basal gluco-
neogenesis will be of interest, taken that CLA is able to
reduce the activity of gluconeogenic enzymes at the tran-
scriptional level. Although the precise mechanism is
unknown, it is suggested that CLA reduces gluconeogenesis
by disrupting membrane integrity of hepatocytes, judging
from the observation of increased lactate dehydrogenase
release in vitro at high CLA concentrations (Cantwell et al.,
1999). It is worth noting that the lowest concentration of
CLA used in a previous study (Cantwell et al, 1999) is
equivalent to 17.8 pM, but the authors had only observed a
significant effect at the equivalent of 71 pM; while we man-
aged to show the efficacy of CLA at 20 pM. Besides that,
the modulation of p300 by CLA and its dependence of
PPAR shall be the subject of future investigations.

Rosiglitazone is an antidiabetic drug belonging to a class
of insulin sensitizers known as thiazolidinediones. Adminis-
tration of rosiglitazone has been shown to inhibit hepatic glu-
coneogenesis (Gastaldelli et al., 2006). Our experimental
results demonstrated that the reduction in the rate of hepatic
gluconeogenesis when the cells were treated with
rosiglitazone and CLA corresponded to the expression level
of PCKI and G6PC mRNA, except for the combination of
rosiglitazone and c¢9,t11-CLA. Our observation for
rosiglitazone is at odds with a previous observation that
reported no change in PCKI mRNA levels in rats (Davies
et al., 2001). PEPCK activity is controlled by abundance of
PEPCK protein in the liver, as the enzyme is neither regu-
lated by allosteric binding nor phosphorylation/dephosphory-
lation (Scott et al., 1998). Our main caveat was that we were
only measuring gene expression at the mRNA but not at the
protein level.

It has been reviewed that PPARYy activity has an inverted
U-shaped relationship with gluconeogenesis (Picard and
Auwerx, 2002). PPAR response element (PPARE) is pre-
sent in the enhancer region of cytosolic PEPCK (PEPCK-C)
gene, which is bound by PPARy, and it has been shown in
mice that PPARE is indispensable for PEPCK-C expression
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in adipose tissue (Olswang et al., 2002; Tontonoz et al.,
2015). In nonadipose cells, forced expression of PPARY is
able to activate the PEPCK-C enhancer of the said cells
(Tontonoz et al., 2015). PPARy antagonist GW 9662 has
been shown to inhibit PEPCK expression in vivo (Kim et al.,
2017). GW 9662 binds to PPARy at an ICsy of 3.3 nM
(Leesnitzer et al., 2002), therefore, we reasoned that the
reduction of HGP in the presence of GW 9662 is attributed
to inhibition of PPARy binding to PPARE instead of CLA
activation.

In spite of our result that centered on the dependence of
PPARY, the long held paradigm of activating PPAR as the
key to treating metabolic diseases has been challenged by
recent discoveries. Rosiglitazone has traditionally been reg-
arded as a potent and specific agonist for PPARy
(Edvardsson et al., 1999), whereas CLA has been regarded
as a weaker agonist with an ICs, difference between
940-2176- fold (Belury et al., 2002). Emerging evidence is
pointing to thiazolidinediones exerting an insulin-
sensitizing effect independent of the PPARy pathway
(Davies et al., 2001; Derlacz et al., 2008), which is further
proven by reports of glitazone mimetics improving insulin
sensitivity despite a lack of PPAR agonist activity (Bolten
et al., 2007). It is essential to take note that this PPAR inde-
pendence may involve no change in basal PPAR receptor
activity. Instead, the authors proposed that modulation of
mitochondrial biogenesis as well as direct modulation of
mitochondrial metabolism contribute to the pharmacology
of thiazolidinediones. There is emerging evidence that
points to mitochondrial targets for insulin-sensitizing drugs.
Thiazolidinediones have been shown to target the pyruvate
carrier complexes of the mitochondria (Colca et al., 2013;
Divakaruni et al., 2013; Wright et al., 2014). Metformin
has been identified as an inhibitor of mitochondrial
glycerophosphate dehydrogenase to suppress gluconeogen-
esis (Madiraju et al., 2014). It is suggested that these
insulin-sensitizing drugs, rather than acting through a linear
pathway of activating downstream targets, they lead to a
change in the energy state by binding to mitochondrial pro-
teins (Colca et al., 2014). The change in the mitochondrial
energy state led to a cellular response of increasing sensi-
tivity to insulin. Based on our observations, it will be useful
to determine PPAR independence action of CLA.

The ¢9.,t11 isomer is the most abundant CLA isomer in
nature. Hence, the single administration of ¢9,t11 is highly
applicable to the consumption of CLA from dietary sources.
The t10,c12 isomer is present in low natural abundance, but
high amounts in artificial preparations of CLA mixtures sold
commercially. The consumption of t10,c12-CLA in high
amounts is relevant in CLA supplements, as these supple-
ments are made from artificial CLA preparations.

A myriad of studies has shown that actions of CLA are
isomer dependent. While the ¢9,t11 isomer is associated
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with increase of insulin sensitivity (Bissonauth et al., 2006;
Choi et al., 2004, 2007; de Almeida et al., 2014; Kelley
et al., 2004; Moloney et al., 2007), the sole consumption of
the t10,c12 isomer is associated with adverse effects such
as insulin resistance (Risérus et al., 2002), lipoatrophy,
hepatic steatosis and hyperinsulinemia (Clément et al.,
2002; Kennedy et al., 2010; Poirier et al., 2005), and adi-
pose tissue inflammation (Poirier et al., 2006). In vivo, con-
sumption of a mixture of ¢9,t11-CLA and t10,c12-CLA
increased serum high-density lipoprotein (HDL) choles-
terol, but led to insulin resistance in Wistar rats, leading to
authors’ suggestion that CLA supplement should be
approached with caution for weight management
(de Almeida et al., 2015). Likewise, we have shown that
combination of CLA mixture and rosiglitazone decreased
insulin resistance but increased atherogenicity by virtue of
the serum non-HDL to HDL ratio in Sprague-Dawley rats
(Chai et al., 2018). In vitro, 1:1 CLA has been shown to
inhibit glucose uptake in cultured primary rat adipocytes
(Pérez-Matute et al., 2007). To account for our observations,
t10,c12-CLA must either inhibit the ability of ¢9,t11-CLA
and thiazolidinediones to bind to their mitochondrial targets,
or antagonize the activity of PPARy. While there is no publi-
cation describing the effect of t10,c12-CLA in modulating
mitochondrial metabolism, evidence is emerging for
t10,c12-CLA antagonism of activated PPARy activity
(Granlund et al., 2003; Yeganeh et al., 2016). Because
¢9.t11-CLA and t10,c12-CLA are equally efficient in activat-
ing PPARy (Granlund et al., 2003), the outcome cannot be
attributed to binding of CLA isomers to PPARy per se, but
alternative pathways activated by CLA (Clément et al.,
2002). The pathways leading to direct suppression of hepatic
gluconeogenesis are a subject of future investigation.

In summary, we have demonstrated that ¢9,t11-CLA is
able to exert an insulin-like effect directly on the liver to
bring about reduction in hepatic gluconeogenesis, that is
mediated by reduction in PCK/ and G6PC expression. In
contrast, t10,c12-CLA increases hepatic gluconeogenesis
by increasing G6PC expression at the transcriptional level.
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