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ABSTRACT

CHARACTERIZATION OF SKELETAL MUSCLE LIPIDS IN OBESE MICE
LINES

ARAS, Ebru

M.Sc., Department of Biology
Supervisor: Prof. Dr. Feride SEVERCAN

July 2012, 100 pages

Obesity becomes an epidemic health problem in developing and developed countries,
which arises due to stable life style and increase in the consumption of high fat diets.
Obesity is generally accompanied with various clinical disorders, such as insulin

resistance, type Il diabetes, hypertension, dyslipidemia and cardiovascular diseases.

This study aims to characterize and quantify different lipid classes in longissimus
dorsi (LD) and quadriceps (Q) skeletal muscles of control (DBA/2J), obese Berlin
fat mouse inbred (BFMI) and Berlin muscle mouse inbred (BMMI) lines, which
display high fat and high muscle content, respectively. These mouse lines were
special due to their phenotypes, especially BFMI lines, which displayed spontaneous
and strong obesity. These lines, more specifically BFMI1860 and BFMI861, were also
special due to their possibility of being an animal model of cardiovascular diseases
and metabolic syndrome, since they also displayed insulin resistance. For separation,

iv



identification and quantification of various lipids of these lines, a novel method was
developed which gives better separation of main lipid classes via using high
performance liquid chromatography (HPLC) coupled to an evaporative light
scattering detector (ELSD). Addition of triethylamine (TEA) to the solvents being
used, and altering the parameters of HPLC and ELSD instruments, and also the

gradient elution, provided a better separation with an enhanced resolution.

This method has been applied to the lipid extracts obtained from longissimus dorsi
(LD) and quadriceps (Q) skeletal muscles of control (DBA/2J), obese Berlin fat
mouse inbred (BFMI) and Berlin muscle mouse inbred (BMMI). In this method, a
binary gradient elution composed of n-Hexane, isopropanol, methanol, acetic acid
and triethylamine was applied to the samples. All interested lipid classes, namely
triglyceride (TG), cholesteryl ester (CO), cholesterol (C), 1-oleoyl-rac-glycerol
(MG), phosphatidylcholine (PC) and cardiolipin (CLPN), all of which have been
known to have a role in obesity, insulin resistance, and cardiovascular diseases, were
separated, identified and quantified via this novel method. According to the results,
among BFMI lines, BFMI860 and BFMI861 lines and BMMI806, among BMMI
lines, are worth to study obesity. Especially, the former ones may also become

animal models for cardiovascular diseases and metabolic syndrome.

Keywords: Method development, HPLC-ELSD, Obesity, Muscle tissues, BFMI,
BMMI.



0z

OBEZ FARE IRKLARINDA ISKELET KAS YAGLARININ
KARAKTERIZASYONU

ARAS, Ebru

Yiiksek Lisans, Biyoloji Bolimii

Tez Yoneticisi: Prof. Dr. Feride Severcan

Temmuz 2012, 100 sayfa

Obezite gelismis ve gelismekte olan iilkelerde duragan hayat tarzi ve ozellikle
yiiksek yag igerikli beslenme aligkanligindan &tiirii ortaya cikmistir. Epidemik bir hal
alan obezite, genellikle insiilin direnci, tip Il diyabet, hipertansiyon, dislipidemi ve

kardiovaskiiler hastaliklar gibi patolojik durumlarla beraber goziikmektedir.

Bu c¢alismada, 6zel olarak iiretilen kontrol (DBA/2J), yiiksek yag igerigine sahip
Berlin lipit inbred (BFMI) ve yiiksek kas igerigine sahip olan Berlin kas inbred
(BMMI) fare modellerinin longissimus dorsi (LD) ve kuadriceps (Q) iskelet kas
dokularindaki lipit profillerinin nitel ve nicel olarak belirlenmesi amaglanmistir. Bu
fareler, ozellikle BFMI860 ve BFMI861 fare hatlari, spontan obezite gostermeleri
acisindan ozeldirler. Bu amag¢ dogrultusunda, evaporatif 1sik sacilimli dedektoriin

(ELSD) baghi oldugu yiiksek performanshi sivi  kromatografisi (HPLC)
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kullanilmistir. Literatiirde bulunan ve denenen metotlarin ilgilenilen lipitlerin
bulunmasinda yeterli olmamasindan dolayi, yeni bir metot gelistirilmistir. Bu
metotta, trietilaminin (TEA) eklenmesi, ELS dedektoriiniin ve HPLC instriimaninin
parametlerinin degistirilmesi ve yeni bir gradiyent uygulanmasiyla, ilgilenilen

lipitlerin acik¢a ayristigi gorilmiustiir.

Gelistirilen bu metot, kontrol (DBA/2J), yiiksek yag icerigine sahip Berlin lipit
inbred (BFMI) ve yiiksek kas icerigine sahip olan Berlin kas inbred (BMMI) fare
modellerinin longissimus dorsi (LD) ve kuadriceps (Q) iskelet kas dokularina
uygulanmustir. n-Hekzan, isopropanol, metanol, asetik asit ve trietilaminden olusan
ikili bir gradyan akisi kullanilarak, obezite, insiilin direnci ve kardiyovaskiiler
hastaliklarinda etkileri oldugu bilinen kolesteril ester (CO), trigliserit (TG), 1-
oleoil-rak-gliserol (MG), kolesterol (C), fosfatidilkolin (PC) ve Kkardiyolipin
(CLPN) lipitleri, bu metotla basariyla ayrismistir. Elde edilen sonuglara gore,
BFMI1860, BFMI861 ve BMMIB06 fare hatlarinin obezite ¢aligmalarina uygun
oldugu goriilmiistiir. Ozellikle BFMI860 ve BFMI861 fare hatlarmin sadece obezite
caligmalar1 i¢in degil, kardiyovaskiiler hastaliklar ve metabolik sendromu

calismalarinda da model olabilecekleri anlasiimistir.

Anahtar Kelimeler: Metot gelistirme, HPLC-ELSD, Obezite, iskelet kasi, BEMI,
BMMI
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CHAPTER 1

INTRODUCTION

1.1 Skeletal Muscle Tissue

Skeletal muscle tissue has acquired its name because it is bound to the skeleton by
tendons, and makes the skeleton move. It is also called striated muscle, since series
of light and dark bands, or striations are observed, when observing the fiber under
light microscope. Skeletal muscles are voluntarily controlled, and can generate great
power (Greisheimer & Wiedeman, 1972). This specific muscle tissue functions in the
movement, posture and also heat production, due to its contractions (Carola et al,
1992; Ono et al, 1995).

1.1.1 Cellular Structure and Organization of Skeletal Muscle Tissue

Skeletal striated muscle tissues are composed of special cells called muscle fibers,
which have long cylindrical shape and numerous nuclei. Plasma membrane and
cytoplasm of muscle fibers are called sarcolemma and sarcoplasm, respectively.
Within sarcoplasm, many parallel-found myofibrils which composed of thin and
thick myofilaments and numerous mitochondria organelles are found to satisfy their
continuous energy need. While thick myofilaments are almost composed of only
myaosin, thin myofilaments are composed of actin, troponin and tropomyosin proteins
(Vander et al, 1998) (Figure 1.1).
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Figure 1.1. Structural organization of a striated muscle (http://www.s-cool.co.uk/a-

level/biology/movement-and-support-in-animals/revise-it/muscles-and-movement).

A sarcomere, which is the fundamental unit of muscle contraction, is made up of a
specific section of a muscle fiber that is from one Z line to the other Z line. There are
different zones on a sacromere. Overlapping of thick myofilaments and thin
myofilaments produces A bands which appear as dark bands. Within A band, there
are H zone and M line, H zone is only composed of thick filaments and M line
connects these thick filaments. Only thin myofilaments are present within | band
(Carola et al, 1992; Vander et al, 1998) (Figure 1.2).
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Figure 1.2. Structure of a sarcomere. Where A bands appear dark strands, | bands

appear as light (http://en.wikipedia.org/wiki/File:Sarcomere.qgif#file).

Molecular mechanism of contraction is based on sarcomeres. A mechanism called
sliding-filament mechanism explained the cross-bridge movement of actin and
myosin proteins during contraction. Generation of force induces shortening of a
skeletal muscle fiber, therefore overlapping actin and myosin myofilaments in each
sarcomere move past each other, propelled by movements of the cross bridges. There
is no change in the lengths of thin and thick myofilaments during shortening process,
while they are sliding. During contraction, conformational changes occur within
sarcomere except A bands: | bands and H band get smaller, Z bands are pulled
towards the center of sarcomere (Carola et al, 1992; Scott et al, 2001; Shier et al,

2010; Vander et al, 1998).




1.1.2 Types of skeletal muscle

Skeletal muscle types differ according to their functions, according to their location,
according to their enzyme activity and according to their energy metabolism.

1.1.2.1 Type | Fibers

Type | fibers are red, oxidative and slow-contractile fibers which function in slow
and sustained activities. The dark or red appearance of type | fiber is due to high
amounts of myoglobin and richness in its capillary content, which contribute to the
fiber’s oxidative energy metabolism (Scott et al, 2001). This oxidative fiber type is
able to maintain continuous activity, and energy is derived from lipid oxidation
(Collins, 1997). Slow-twitch fiber also differs from enzyme activity, where myosin
ATPase activity is found to be slow when compared to fast-twitch muscle fibers.
Activity of this enzyme was found to be related to the speed of muscle shortening,
where low myosin ATPase activity is an indicator of slow muscle shortening
(Barany, 1967; Scott et al, 2001).

1.1.2.2 Type Il Fibers

Type 1l fibers can be described as fast-twitch muscle fibers, which can generate short
bursts of speed and strength, but exhaust more quickly when compared to type I
fibers. Another difference between these two fibers is that, type Il fibers use mostly
glycogen as energy source. Myosin ATPase activity is higher in fast-twitch muscle
fibers, which indicates their faster rate of shortening during contraction. Type Il
fibers are subdivided into as Type Ila and Type Ilb muscle fibers. Former one can be
described as red, fast-twitch and oxidative, and the latter one as white, fast-twitch
and glycolytic (Barany, 1967; Carola et al, 1992; Collins, 1997; Scott et al, 2001).



Longissimus dorsi (LD) is the main back muscle, which functions as maintaining
posture (Hamelin et al, 2007; Ono et al, 1995). Quadriceps (Q) is the large muscle
group found in front of thigh (Carola et al, 1992; Vander et al, 1998). Each
individual muscle within the body is composed of all three fiber types; according to

the need, the most suitable one starts to contract.

1.2 Obesity

Overweight and obesity are becoming major health problems and epidemic in
developed and developing countries. According to 2008 report of World Health
Organization (WHO), there are 1.4 billion overweight adult individuals worldwide
of whom 500 million are obese (WHO Report, 2008).

Overweight and obesity are described as abnormal or excessive fat accumulation
within the body that presents health risk. Having a body mass index (BMI), which
calculated by dividing a person’s weight in kilograms by the square of individual’s
height in meters, higher than 25 kg/m? and 30 kg/m? is considered to be overweight

and obese, respectively.

The growing prevalence of obesity, or overweight, is related to various factors.
These factors such as excessive consumption of nutrient poor, more energy-dense,
high sugar, high calorie and high saturated fat contentful food, stationary life-style,
and genetic inheritance contribute in developing obesity. Although, genes themselves
are pretty important in an individual’s tendency to gain weight, energy balance,

therefore being obese or lean, depends on energy intake and expenditure.

What makes obesity so dangerous and worth to study is the obesity-induced or
obesity-accompanied diseases. There are various pathological states which are

related to obesity, and present health risks, and even death.



1.2.1 Obesity Related Diseases and Disease States

According to reports of WHO, obese and overweight individuals display higher risk
factors for other diseases and disease states, including insulin resistance, type Il

diabetes, cardiovascular diseases, and even metabolic syndrome.

Insulin resistance is defined as the incapability of insulin hormone to reduce the
blood glucose level, due to dysfunctioning or unresponsiveness of insulin receptors
on the target tissues, like fat and muscle tissues (Kelley & Goodpaster, 2001). It was
found that obesity is one of the major causes for insulin resistance due to
accumulation of excess lipids, especially within skeletal muscle tissues, which is the
main tissue of insulin action (Bogardus et al, 1985; DeFronzo et al, 1981,
Goodpaster et al, 2000). Also incidence of type Il diabetes mellitus has been known
to engage with the incidence of obesity, due to insulin resistance. A study performed
by Stevens and his colleagues showed that 90% of subjects with type Il diabetes
were also overweight or obese (Stevens et al, 2001). Diabetes risk increases if the
individual was a juvenile obese (Haslam & James, 2005; Wannamethee & Shaper,
1999).

Cardiovascular diseases, as the name implies, is a class of diseases that appear in the
heart or in blood vessels. Increase in BMI values, as mentioned above, is an indicator
of being overweight or obese. As an individual’s BMI increases, excess
accumulation of lipids, which is called dyslipidemia, arises (Haslam & James, 2005).
In dyslipidemic and obese subjects, which accompanied with diabetes and
hypertension, incidence of cardiovascular disease increases (Caccamo et al, 2010;
Haslam & James, 2005; Khaodhiar et al, 1999; Lean, 2000; Reaven et al, 2004).

Metabolic syndrome is defined as the combination of various diseases, like insulin
resistance, obesity, type 1l diabetes, hypertension, hyperlipidemia and cardiovascular
diseases. Obesity and increments in both circulating and abdominal lipid content

6



induce insulin resistance, and therefore diabetes and also cardiovascular diseases. All
these states are associated with metabolic syndrome, and combination of even two of
them makes an individual more predisposed to have metabolic syndrome (Khaodhiar
et al, 1999; Lottenberg et al, 2012; Reaven, 2011).

1.2.2 Experimental Models of Obesity

The need to understand the mechanisms and to find a treatment of obesity and its
related diseases is a must due to their growing epidemic. For these purposes, animal
model studies are necessary and priceless. There are many rodent models for obesity;
some have monogenic mutations which induces alterations in energy metabolism
through absence of a specific hormone, like leptin deficient ob/ob mice or through a
null mutation; some display obesity due to polygenic mutation; and some have
obesity through diet induction (Kanasaki & Koya, 2011; Reed, 2008; Speakman et
al, 2008). Except special examples of obesity based on deficiency of a specific
protein, like leptin-deficient adults in the study conducted by Licinio and co-workers
(Licinio et al, 2004), human obesity is generally due to complex genetic background,

and such animal models are actually more relevant to human obesity.

1.2.2.1 Berlin Mouse Inbred Lines

In this study, the examined animal models were DBA/2J, Berlin Fat Mouse Inbred
(BFMI) and Berlin Muscle Mouse Inbred (BMMI). The founder pet of BFMI and
BMMI mice were obtained from a random pet shop of Berlin.

Mice were chosen first according to their low muscle/protein content, and afterwards
high fat content. No mutations were presented in the founder of this line, or in other
generations. After 58 generations, those mice were named as BFMI, since they
displayed obesity (Wagener et al, 2006). Since obesity of BFMI lines (BFMI1852,
BFMI856, BFMI1860 and BFMI861) was not induced by any monogenic mutations,
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or even diet, these lines were chosen to investigate the complex genetic background

of human obesity.

Afterwards so-called BMMI mice were chosen according to their high
muscle/protein content, low fat content, but high body weight. Among BMMI lines,
while BMMINNSO06 line was wild-type in myostatin, Mstn” myostatin mutation
was introduced to BMMICC826 and BMMICC866 lines (Karst et al, 2011).
Therefore, the latter two did have unlimited muscle growth since myostatin is a

growth limiting factor in muscle development (Slack, 1997).

Although, the forefathers of DBA/2J and Berlin inbred mouse lines were not the
same, DBA/2J mouse line was used as a control. In the current study, use of DBA/2J
line as a control was plausible, since it is one of the commercially available inbred
line that is widely used as reference in different studies (Kanasaki & Koya, 2011;
Speakman et al, 2008; Toye et al, 2005), and since it is susceptible to generate
obesity with the induction of high-fat diet (HFD), among 43 inbred mouse lines
(Svenson et al, 2007). In the current study, characterization and quantification of the
lipid profiles of different skeletal muscle tissues from 10 week-old BFMI and BMMI
mice was aimed. In order to obtain reliable results from a characterization study, a
control group has to be used. The use of DBA/2J was plausible in order to observe
the quantitative alterations of the lipid contents of special-bred mouse lines, and to
conclude the most suitable line which generated more remarkable obesity-induced
changes in comparison to a control line which is more susceotible to generate

obesity.
1.3 Lipids

Lipids are naturally-occurring compounds including simple lipids, steroids,
phospholipids, waxes and sphingolipids, which are distinguished from other
naturally-occurring molecules by their solubility in apolar solvents (Christie, 1987).
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Every lipid class is essential for maintaining biological functions, like cell energy
storage, cell signaling, membrane functionality, and even survival and apoptosis
(Christie, 1987; Hannun & Linardic, 1993; Joshi et al, 2009). Among various types

of lipids, only studied ones will be mentioned here

1.3.1 Triglyceride

Triglyceride, or triacylglycerol, is composed of one molecule of glycerol and three
molecules of fatty acids, as its name implies (Figure 1.3). It is one of the most known
simple lipids, which synthesized via enzyme systems. It has been known that,
triglycerides are involved in some pathological states, like obesity, insulin resistance
and therefore, indirectly type 11 diabetes mellitus. For these reasons, this molecule is

studied in most detailed among lipids.

Figure 1.3. A triglyceride molecule. Left part is glycerol and right part is fatty acids
(http://en.wikipedia.org/wiki/File:Fat_triglyceride_shorthand_formula.PNG).



1.3.2 Cholesterol

Cholesterol is another abundant lipid member which is classified in steroid group
(Christie, 1987) (Figure 1.4). This lipid is synthesized within a cell, since it has
crucial roles in maintaining membrane fluidity, and being a precursor molecule of
steroid hormones, like cortisol, aldesteron, estrogen, testosterone, and progesterone
(Christie, 1987; Hu et al, 2010; Simons & Ehehalt, 2002). Cholesterol level and
metabolism are known to be altered in some pre-pathologic states, like insulin
resistance and atherosclerosis (Barter et al, 2003; Gustavsson et al, 1999; Pike, 2003;
Vainio et al, 2002). Therefore, cholesterol, likewise triglyceride, is one of the most

studied lipids.

HO

Figure 1.4. A cholesterol molecule. It has a tetracyclic ring structure which one of

them has a double bond (http://en.wikipedia.org/wiki/File:Cholesterol.svg).

1.3.3 Cholesteryl Ester

Cholesteryl ester, as its name implies, is the esterified form of cholesterol, which is

catalyzed by an enzyme called lecithin cholesterol acyltransferase (LCAT) (Christie,
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1987; Li et al, 2011). Instead of cholesterol’s hydroxyl group, cholesteryl ester has
an ester group bound to the tetracyclic ring structure (Figure 1.5). Enzymes, LCAT
and cholesteryl ester transport protein (CETP) which shuttles cholesteryl ester and
triglycerides between lipoproteins (Fielding & Fielding, 1995; Tall, 1993), related to
cholesteryl ester lipid, are involved in atherosclerosis and obesity (Arai et al, 1994;
Chapman et al, 2010; Hayashibe et al, 1997; MacLean et al, 2003; Magkos et al,
2009). Therefore, analysis of this lipid is very important to reveal a part of the

mechanisms of these diseases.

O
I
R-C-0

Figure 1.5. A cholesteryl ester molecule. Instead of hydroxyl group of cholesterol,
ester group is present
(http://www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb2/part1/lipoprot.htm).

1.3.4 Monoglyceride

Monoglyceride, or monoacylglycerol, is composed of one molecule fatty acid and
one molecule of glycerol (Figure 1.6). This lipid is found to be present in trace
amounts in fresh animal and plant tissues (Christie, 1987). Monoglyceride is formed
via the hydrolysis of triglyceride by lipase enzymes (Khoo et al, 1974; Saadeh et al,
2012; Schittmayer & Birner-Gruenberger, 2009; Wang & Eckel, 2009).
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Figure 1.6. A monoglyceride molecule. Left part is the glycerol molecule, and right

part is the fatty acid (http://www.cyberlipid.org/glycer/glyc0002.htm).

1.3.5 Phosphatidylcholine

Phosphatidylcholine, also known as 1,2-Diacyl-sn-glycero-3-phosphrylcholine or as
its commercial name lecithin, is one of the most studied phospholipids in biological
and chemical studies (Christie, 1987). As its name indicates, it is composed of a
choline head group, a phosphate group, a glycerol and two fatty acids (Figure 1.7).
Being one of the most abundant components of cellular membranes of animal
tissues, and playing important roles in cell signaling, synthesis of many molecules,
and membrane integrity, this phospolipid has attracted attention from a long time
(Christoffersen et al, 2003; Clore et al, 2000; Goto-Inoue et al, 2012; Grimm et al,
2011; Kent & Carman, 1999; Rauch & Loughna, 2005).
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1.3.6 Cardiolipin

Figure 1.7. Molecular structure of phosphatidylcholine. It is composed of a choline
head group, a phosphate group, a molecule of glycerol and two fatty acids
(http://lwww.columbia.edu/cu/biology/courses/c2005/purves6/figure03-21.jpg).

Another glycerophospholipid type investigated in this study is cardiolipin, which is
also known as diphosphatidylgycerol. As can be seen in Figure 1.8, lipid is
composed of two phosphate groups, two glycerol molecules and four fatty acids.
This lipid is almost found only in the inner membranes of mitochondria organelles of
all living things (Christie, 1987; Joshi et al, 2009). Cardiolipin is an essential
phopholipid and worth to analyze deeply due to its functions in mitochondrial energy

metabolism, protein transport, aging, senescence and apoptosis (Claypool, 2009;

Joshi et al, 2009; McMillin & Dowhan, 2002).
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Figure 1.8. Structure of a cardiolipin molecule, which composed of two

phosphatidylglycerol molecules (Kiebish et al, 2008).

Analysis of lipids and lipid metabolism has become a growing and improving field in
recent years, since any disturbances or alterations in lipid metabolism are known to
be both causative and outcome agents of diseases. Therefore, efficient and rapid
methods to analyze these molecules have been of great importance. However,
analyzing lipids is not easy due to their characteristic diversity. To be able to
separate and identify each lipid class in a single mixture with different size, charge
and polarity a gradient elution is required. HPLC is therefore, a handy tool in

analyzing lipids, as will be mentioned in the next section.

14



1. 4 Chromatography

Chromatography is a broad range of separations method used in separating,
identifying and analyzing a specific molecule in a mixture. Separation is basically
based on partitioning behavior of two phases: A mobile phase which the interested
mixture is dissolved in and which is forced to flow through stationary bed, and a

stationary phase, where the molecules of interest are held (Bobbitt et al, 1968).

Chromatography was first developed by a Russian botanist, Mikhail Tswett to
separate plant pigments, in 1903 (Ditz, 2012). For more than 100 years,
chromatography science has improved, so that lipids, proteins, vitamins, and even
DNA fragments can be separated via different techniques (Christie, 1987,
Yamakawa et al, 1996).

Various chromatographic techniques have been developed according to the interested
molecules’ properties. Adsorption chromatography, ion-exchange chromatography,
thin layer chromatography, and affinity chromatography are the common separations
techniques which used in different experimental designs (Christie, 1987; Snyder &
Kirkland, 1979).

1.4.1 High-Performance Liquid Chromatography (HPLC)

High-performance liquid chromatography (or high-pressure liquid chromatography)
is a form of advanced and automated partitioning chromatography used to separate,
identify and quantify individual compounds rapidly, in a complex mixture with high

sensitivity and high reproducibility.

This chromatographic technique, as its name implies, uses high pressure to flush the
mobile phase through the stationary phase (Figure 1.9). As the interested mixture
migrates through the stationary phase, which in this study is a column, the mixture
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starts to resolve and individual molecules within the complex mixture are held. The
resolution rate is crucially important, and is dependent on the degree of interaction
between analytes and the stationary phase. When the rate of resolution is insufficient,
it is a must to change, to optimize the parameters of the elution conditions in order to

enhance the selectivity between analytes, mobile phase and stationary phase.

Information, like retention time or peak area, obtained from HPLC are specific to the
analyte. Retention time of a molecule changes according to the mobile phase
solvents, parameters of HPLC and detectors being used, and of course to its
stationary phase. However, retention time of a molecule is characteristic for the
analyte, if the same instrument and same parameters have been used. Another
important parameter, which gives quantitative data, is the peak area. Peak area is

proportional to the amount of the analyte.
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v
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Figure 1.9. Working principle of a high-performance liquid chromatography

instrument (http://www.chemguide.co.uk/analysis/chromatography/hplc.html).
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1.4.2 HPLC and Lipids

The detection and analysis of lipids have been of great importance in recent years,
since they are involved in many essential biological functions and any alterations in
lipid metabolism are known to be both causative and outcome of pathological states.
Therefore, detecting healthy and pathological states of lipids, and also analyzing and
quantifying of the lipid classes in each state have been an essential field which
continuously grows and improves. Among separation and detection methods, HPLC
technique has become one of the major tools. There are various HPLC-based
chromatographic techniques which are used in the separation, detecting and

analyzing of lipid compounds (Christie, 1987).

1.4.2.1 Adsorption Chromatography

In adsorption chromatography, interactions between analyte and stationary phase
take place on the surface of the stationary phase, which is also called as adsorbent
(Bobbitt et al, 1968) (Figure 1.10). Adsorbent materials are defined as normal-phase
and reverse-phase depending on their polarity properties, and generally silica-based
materials have being used. In normal-phase chromatography, the stationary phase is
polar (hydrophilic) and mobile phase is apolar (hydrophobic). Analytes with polar
character retain longer on polar stationary phase, than apolar analytes do, which
means apolar molecules elute earlier than polar molecules. Normal-phase adsorption
chromatography is best used while separating and detecting molecules readily
soluble in apolar solvents. In reverse-phase chromatography, the stationary phase is
apolar and the mobile phase is polar. These two adsorption chromatography
techniques are widely used in lipid class separation (Avalli & Contarini, 2005;
Boselli et al, 2008; Brouwers et al, 1999; Christie, 1985; Lutzke & Braughler, 1990;
Maraschiello et al, 1996; Olsson et al, 2012).
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Figure 1.10. Adsorption chromatography. Analyte interacts with the surface of the
stationary phase (https://www.msu.edu/~gallego7/MassSpect/Chromatography.htm).

1.4.2.2 lon-Exchange Chromatography

In ion-exchange chromatography, separation is based on the opposite charges of
stationary phase and analyte (Roos, 1999) (Figure 1.11). This technique is suitable,
when the analyte molecules are charged. lon-exchange chromatography is generally

applied on charged molecule class separation (Bandi et al, 1982).

Figure 1.11. lon-exchange chromatography. Surface of the stationary phase is
ionically charged, opposite charged of the analyte
(http://elchem.kaist.ac.kr/jhkwak/AnalChem/09/04/gif2.htm).
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1.4.2.3 Size Exclusion Chromatography

In size exclusion chromatography, also known as gel-permeation chromatography,
molecules are separated according to their molecular size. While larger molecules
elute quicker, smaller molecules reside within the stationary phase and elute later
(Figure 1.12). This kind of chromatography is most suitable in the separation of
especially proteins, and lipids accompanied with proteins, like lipoproteins or
membrane lipids (Grabielle-Madelmont et al, 2003; Kunji et al, 2008; Rogner, 1999).
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Figure 1.12. Size exclusion chromatography. Stationary phase has controlled pore
size, which makes the separations based on  molecular size
(http://elchem.kaist.ac.kr/jhkwak/AnalChem/09/04/gif2.htm).

1.4.3 HPLC Detectors

Without a detector, only separation of visible molecules could be possible. To
separate, to identify and to analyze interested molecules, HPLC instrument needs a
detector which is suitable for the analytes’ physical, chemical and spectroscopic
properties. Various detectors have been developed according to the desired

molecules’ properties.
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1.4.3.1 UV/Visible (UV/Vis) Detectors

UV/Vis detectors are the most widely used detectors, due to their relative
inexpensiveness. Working principle of this detector is to respond to substances
which absorb light. In lipid analysis, this detector has being used, however if the
mobile phase solvents do have chromophores or if the interested analyte does have

low chromophore activity, results will be unreliable (Christie, 1987).

1.4.3.2 Refractive Index (RI) Detectors

RI detectors are known to be the least sensitive detectors which respond to
substances that refract light (Christie, 1987). This detector is mostly abandoned due

to its insensitivity or its inability to be used in gradient elutions.

1.4.3.3 Mass Spectrometry (MS) Detectors

MS detector coupled to HPLC is one of the most powerful analytical techniques in
chromatography. With this detector, not only quantitative data but also, structural
information and the empirical formula can be obtained of an unknown compound
(Christie, 1987; Di Stefano et al, 2012).

1.4.3.4 Evaporative Light Scattering (ELS) Detectors

ELS detectors are universal detectors which respond to substances that scatter light.
This detector has been widely used in lipid analysis in recent years, due to its
response to all compounds which are less volatile within the mobile phase. The
working principle of ELS detector is to measure the scattered light intensity from
unevaporated part, which is the interested compound, of the migrating mobile phase.

Every molecule which is not evaporated or degraded within the detector emits signal,
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and intensity of this signal gives information about the amount of the molecule.

There are three main processes occur within ELS detection (Figure 1.13):

Nebulization: In this step, mobile phase is nebulized, and becomes aerosol,
and enters to drift tube accompanied by nebulizer gas which is in this study,

pure nitrogen.

Evaporation: With the presence of the nebulizer gas, aerosol enters to a
heated drift tube. In there, solvent is completely evaporated, remaining only

the analytes.
Detection: The analytes emerge from drift tube, and pass through a light

beam, where detection occurs upon the scattered light via either a
photomultiplier tube or a laser diode (Christie, 1987).
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Figure 1.13. Working principle of evaporative light scatter detector
(http://www.cyberlipid.org/elsd/elsd0001.htm).

Due to its response to all compounds in the mobile phase, its independence on
spectroscopic properties of the interested molecules and its applicability for gradient
elutions, ELS detection provides several advantages over other detection techniques
being used in lipid profile analysis (Bravi et al, 2006; Christie, 1987).

1.4.3.4.1 Data Acquisition and Processing
In data acquisition and processing, to obtain the calibration curves of injected

standards are essential. At least three different concentrations of a single standard

have to be injected, to draw a calibration curve. A calibration curve is represented by
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a quadratic equation, as follows (Empower 2 Data Acquisition and Processing
Theory Guide):

y = A+ Bx + Cx*

where:

y = Response of the standard peak calculated by the software,
X = Amount or concentration of the standard,

A, B, and C = Polynomial coefficients of the curve.

To determine the amount or the concentration of the standard, equation below has

being used:

=Bt JB-40(A-y)
2C

Coefficient of determination (R?) value is important while obtaining calibration
curves. If R? value is off the goodness of fit” boundaries, a numerical value lower
than 0.99, then the calibration curve cannot be used. This value is calculated as

follows:

where:
R? = Coefficient of determination,
Sy = Standard error of estimate of y on X,

o?y = Standard variance.

23



To be able to calculate the analyte, however there are some limitations in
chromatography, which are called ‘limit of detection (LOD)’ and ‘limit of
quantification (LOQ)’. These limitations are based on the strength of the signal. If
signal-to-noise ratio is higher than 3 units, then the analyte can be identified or
determined. And if the signal-to-noise ratio is higher than 10, then the analyte can be

quantified.

1.5 Aim of the Study

The first aim of this study is to develop a novel and a sensitive method for
separating, identifying and quantifying the main lipid classes applicable to not only
skeletal muscle tissues, but also other tissues via using a normal-phase HPLC-ELSD
system. Since procedures inspired from literature are not compatible with the system
and since use of these procedures are not enough to obtain interested lipids, it is a
necessity to develop a new method according to the samples and according to the

separation module.

Another aim of the current study is to investigate the lipid profiles of different
skeletal muscle tissues, which are Longissimus Dorsi (LD) and Quadriceps (Q) from
special-bred mouse lines, Berlin Inbred mice. These mouse lines display polygenic,
spontaneous obesity, which is more relevant to human obesity, than the monogenic
models. In addition to spontaneous obesity, these lines may also demonstrate
diminished insulin sensitivity. Since skeletal muscle tissue is essential in lipid and
carbohydrate metabolism, and since pathological abnormalities related to obesity and
insulin resistance, primarily occur within this tissue, lipid level alterations were
investigated via using an advanced, automated and reliable partitioning

chromatography, namely HPLC.

24



CHAPTER 2

MATERIALS AND METHODS

In order to obtain maximum amount of lipid from a muscle tissue of a mouse, firstly,
different lipid extraction methods were tried. Classic Folch method, modified Folch
method, Bligh and Dyer method and Lutzke method were performed to choose the
most effective extraction method in our study (Bligh & Dyer, 1959; Iverson et al,
2001; Lutzke & Braughler, 1990). After the decision of extraction procedure,
different elution methods obtained from literature were tried on HPLC-ELSD
instrument. Since, procedures obtained from literature did not fit to the instrument; a
new elution method was developed according to the column, detector, and separation

module.

2.1. Part I: Method Development

2.1.1 Materials

HPLC-grade isooctane, methanol, isopropanol, water, tetrahydrofurane, chloroform,
acetonitrile, and n-hexane were used as high-performance liquid chromatography
mobile phase solvents and concentrated sulfuric acid (H,SO,), phosphoric acid
(HsPO4) and absolute ethanol were obtained from Merck (Merck Company,
Darmstadt, Germany). Olive oil was bought from a random market. Standard lipids
cholesteryl oleate (CO), cholesterol (C), phosphatidylcholine (PC) and cardiolipin
(CLPN); and sodium chloride (NaCl), sodium bicarbonate (NaHCO3), potassium
chloride (KCI), magnesium chloride (MgCl,), calcium chloride (CaCl,), HEPES dry
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powder, lyophilized powder of BSA and vanillin were from Sigma (Sigma Chemical
Company, Saint Louis, Missouri, USA). Pure nitrogen gas was used as nebulizer gas

(Oksan Collective Company, Ankara, Turkey).

2.1.2 Lipid Extraction

To obtain maximum lipid content from a scarce amount of a mouse muscle tissue,
choosing an effective lipid extraction method was important. In order to determine
the final extraction method, different methods were tried before using the actual

mouse muscle tissues.

2.1.2.1 Folch Method

Muscle tissue of a random mouse which was present beforehand, was homogenized
via classical Folch method (Folch et al, 1957). Briefly, 50 mg of muscle tissue was
cut and homogenized by using ULTRA-TURRAX T25 (IKA-Werke GmbH&CO,
Staufen, Germany) at the speed of 10000 g/min for 30 seconds with the solvents of
chloroform and methanol (2:1, v/v) to a final volume where the solvents were used
twenty times the volume of the muscle sample. The homogenate was agitated for 20
minutes in an orbital shaker at room temperature. The homogenate was filtered using
filter paper to get rid of solid particles. The solvent was washed with 0.2 volume of
0.9% NacCl solution. The mixture was vortexed for few seconds. Afterwards, it was
centrifuged at 2000 rpm for five minutes at room temperature. Upper phase was then
removed. Lipids in the lower phase were dried under nitrogen gas. Sample was

stored at -20 °C till total lipid determination. Three replicates were done.

2.1.2.2 Modified Folch Method

Muscle tissue of a random mouse was homogenized as described in Iverson et al.

(Iverson et al, 2001). Difference between classic Folch method and modified Folch
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method, is to use 30 volumes of chloroform and methanol (2:1, v/v) instead of 20
volumes. Rest of the procedure was performed as described in Folch method. Three

replicates were done.

2.1.2.3 Lutzke Method

50 mg of muscle tissue of a random mouse -which was also used in Folch extraction
method- was homogenized following Lutzke method (Lutzke & Braughler, 1990).
Firstly, Krebs-Henseleit buffer solution was prepared. Solvent was composed of
three different stock solutions: Stock solution A: NaCl; stock solution B: KCI,
NaHCO;3; and MgCl, .6H,0; stock solution C: CaCl,. 2H,0. Distilled water was
poured onto three different stock solutions which were used in equal amounts. Then
10 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) and 0.25%
BSA (bovine serum albumin) were added to the solution. After filtration, pH of the
mixture was adjusted to 7.35, and stored at 4°C. Tissue was homogenized in ice-cold
Krebs-Henseleit buffer solution (1:5, w/v; mg/ul) via using ULTRA-TURRAX T25.
The homogenate was diluted with Krebs-Henseleit buffer solution, to a final volume
of ten times the volume of the muscle sample. Later, 2 ml methanol was added in
Krebs buffer. After vortexing the sample, 4 ml of chloroform was poured. The
mixture was centrifuged at 2000 rpm for five minutes at 4 °C, after a second vortex
stage. The lower phase was collected and dried under nitrogen gas. Sample was put

in -20 °C until total lipid determination. Three replicates were performed.

2.1.2.4 Bligh and Dyer Method

About 50 mg of muscle tissue of a random mouse was homogenized and its lipids
were extracted according to Bligh and Dyer method (Bligh & Dyer, 1959; Iverson et
al, 2001). Firstly, 40 ul of water was added since the tissue was dry. Then, 150 pl of
chloroform and methanol was poured (1:2, v/v). After addition of solvents,
homogenization was performed for one minute, using ULTRA-TURRAX T25. After
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pouring another 50 pl of chloroform, second homogenization was done for 30
seconds. Later, the mixture was filtered using filtration paper to recover the liquid
phase. After addition of 50 ul of water, mixture kept at room temperature for 30
minutes to obtain a biphasic layer. Centrifugation was done for five minutes at 2000
rpm, at room temperature. After centrifugation, the lower phase was collected and
dried under nitrogen gas. Sample was kept at -20 °C until total lipid determination

experiments. Three replicates were done.

2.1.3 Total Lipid Determination

Total lipid contents of the tried methods were determined, to decide the optimal lipid
extraction method.

Total lipid content was determined colorimetrically, following Frings method (Frings
& Dunn, 1970). Standard olive oil was prepared by adding 700 mg of olive oil in 100
ml absolute ethanol. And the other reagent, phosphovanillin reagent was prepared by
dissolving 1.2 g of vanillin within 200 ml water and 800 ml concentrated phosphoric

acid. This reagent stored in a dark bottle.

100 ul of muscle tissue lipid extractions of random mice, obtained from different
methods -i.e. Folch method, modified Folch method, Lutzke method, and Bligh and
Dyer method (Bligh & Dyer, 1959; Folch et al, 1957; Iverson et al, 2001; Lutzke &
Braughler, 1990), and 100 pl standard olive oil and 100 pl water and 2 ml of
concentrated sulfuric acid were mixed in a test tube and heated in boiling water.
After 10 minutes in boiling water, test tubes were cooled to ambient temperature.
Then, 100 pl from each mixture was transferred to another test tube. Onto them, 6 ml
of phosphovanillin reagent was added. Absorbance values were measured at 540 nm
by Varian Cary 300 Bio UV-Visible Spectrophotometer (Harlow Scientific,

Arlington, USA). Total lipid content was calculated as follows:
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Total lipid (mg/dL) = (ODsampie/ ODstandarg) X 700 mg/dL

Water was used as a blank. All replicates of each muscle tissue lipid extracts were

used to make sure of the results.

2.1.4 HPLC-ELSD Optimization Studies

In order to find the best separation method, various methods inspired from literature
were tried (Descalzo et al, 2003; Lutzke & Braughler, 1990; Perona & Ruiz-
Gutierrez, 2005). Lipid extracts obtained from extraction methods, were injected to

the instrument following these procedures.

A Waters Alliance e2695 Separations Module coupled to a Waters 2424 ELS
detector (Waters, Milford, USA). System consisted of a Waters Spherisorb normal-

phase silica column (100 x 4.6 mm L.D) with 5 pm particle size (Waters, Milford,
USA).

Lipid extracts were injected to the instrument following the separation method
developed by Perona and Ruiz-Gutierrez (Perona & Ruiz-Gutierrez, 2005). While
the column temperature was varied between 30 © C and 40 ° C, sample temperature
was kept constant at 25 °© C. Ternary gradient elution was applied in the method. The
gradient elution of the mobile phase solvents, namely n-Hexane, isopropanol and
methanol is shown in Table 2.1. Temperature of the drift tube was set to 50 ° C, and
nebulizer was set to heating mode with the power level 60%. The flow rate was 1
ml/min. Samples and standards were dissolved in chloroform and methanol (2:1,

vIv).
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Table 2.1. Ternary gradient elution scheme. Solvent A is n-Hexane; solvent B is

ispropanol and solvent C is methanol.

Time (min)  Flow (ml/min) A (%) B (%) C (%)
0 1.0 100 0 0
3.00 1.0 97 3 0
17.00 1.0 90 10 0
22.00 1.0 0 40 60
28.00 1.0 0 40 60
30.00 1.0 100 0 0

Another method, inspired from the literature was tried for the extracted lipid
samples, to find the optimal separation method (Descalzo et al, 2003). While the
column temperature was varied between 30 © C and 40 ° C, the sample temperature
was set to a temperature of 25 ° C. Quaternary gradient elution was performed
(Table 2.2). Mobile phase solvents were composed of methanol, acetonitrile, n-
Hexane, isopropanol and water. Drift tube temperature was set to 70 ° C, and
nebulizer to heating mode with the power level of 60%. Samples and standards were
dissolved in chloroform and methanol (2:1, v/v).
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Table 2.2. Quaternary gradient elution scheme. Solvent A is methanol; solvent B is
isopropanol, n-Hexane and water (63:35:2, v/v/v), solvent C is isopropanol and n-

Hexane (40:60, v/v) and solvent D acetonitrile.

Time (min)  Flow (ml/min) A (%) B (%) C (%) D (%)

0 1.0 0 0 100 0
5.00 1.0 0 0 0 100
10.00 0.8 45 0 0 55
13.00 0.8 45 0 0 55
13.10 1.0 60 0 0 40
15.00 1.0 80 0 0 20
17.00 1.0 100 0 0 0
22.00 1.0 100 0 0 0
24.00 0.8 0 100 0 0
25.00 0.8 0 100 0 0
30.00 0.8 0 0 100 0

To investigate the most efficient separation method, for the interested lipids, one
other method was also tried following the procedure developed by Lutzke and
Braughler (Lutzke & Braughler, 1990). While the column temperature was varied
between 30 and 40 ° C, the sample temperature kept at 25 ° C. Table 2.3
demonstrates the ternary gradient elution. Mobile phase solvents were isooctane,
tetrahydrofurane, isopropanol, n-Hexane, chloroform and water. Drift tube
temperature was set to 70 ° C, and nebulizer to heating mode with the power level of
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60%. Samples and standards were dissolved in isooctane and chloroform in the ratio
of 1to 1.

Table 2.3. Ternary gradient elution scheme. Solvent A is isooctane and
tetrahydrofurane (99:1, v/v); solvent B is isopropanol and chloroform (80:20, v/v)

and solvent C is isopropanol and water (50:50, v/v).

Time (min)  Flow (ml/min) A (%) B (%) "C (%)

5.00 2.0 100 0 0
6.00 2.0 100 0 0
10.00 2.0 80 20 0
14.90 1.6 44 52 4
15.00 1.5 42.5 52 5.5
25.00 1.5 325 52 15.5
31.70 1.5 29 52 19
31.80 1.5 30 70 0
37.30 2.0 100 0 0

2.2. Part I1: HPLC-ELSD STUDIES

2.2.1 Materials

Lipids glyceryl trioleate (TG), cholesteryl oleate (CO), cholesterol (C), 1-mono-
oleoyl-rac-glycerol (MG), phosphotidylcholine (PC) and cardiolipin (CLPN) which

were used as standards ; and sodium chloride (NaCl) salt were purchased from
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Sigma (Sigma Chemical Company, Saint Louis, Missouri, USA). Solvents
isopropanol, methanol, n-hexane, water and chloroform used both in lipid extraction
and high-performance liquid chromatography studies were HPLC-grade and
obtained from Merck (Merck Company, Darmstadt, Germany). Acetic acid (AA) and
triethylamine (TEA) used in studies were in the highest purity and from Merck
(Merck Company, Darmstadt, Germany). All mobile phase solvents were degassed
with ultrasonicator before use. Pure nitrogen gas was used as nebulizer gas (Oksan
Collective Company, Ankara, Turkey).

2.2.2 Preparation of Experimental Animals

Control DBA/2J, obese BFMI and muscle BMMI mice were obtained from
Humboldt University of Berlin. All experimental procedures were approved by the
German Animal Welfare Authorities (approval no. G0171/10). The forefathers of
these animals were purchased from random pet shops in Berlin, Germany. Obese
BFMI lines were firstly chosen according to their low protein content, and then
according to their high fat content (Wagener et al, 2006). Muscle BMMI lines were
selected due to their high protein content and high body weight. Each mouse which
specified according to their high fat or high protein content, was bred till generation
58. From these mice, obese BFMI lines (BFMI852, BFMI856, BFMI860, and
BFMI861) and muscle BMMI lines (BMMINN806, BMMICC826, and
BMMICC866) were derived and produced (Meyer et al, 2009; Wagener et al, 2006).

Male mice were maintained under conventional conditions and controlled lighting
with a 12h:12h light/dark cycle at an ambient temperature of 22+2 °C and humidity
of 65%. All mice had ad libitum access to food and water. After 3 weeks, mice were
fed with standard breeding diet (SBD) (V1534-000, ssniff R/M-H, Ssniff
Spezialdidten GmbH, Soest/Germany). SBD is composed of 58% of carbohydrate,
33% of proteins and 9% of fat, which has 12.8 MJ/kg metabolizable energy.
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DBA/2J (n=6), BFMI (n=6, from each line) and BMMI (n=6, from each line) mice
were decapitated at the end of 10™ week, and their Longissimus Dorsi (LD) and
Quadriceps (Q) muscles were snap-frozen in liquid nitrogen and stored in -80 °C

until use.
2.2.3 HPLC-ELSD Studies
2.2.3.1 Lipid Homogenization and Extraction

Lipids from LD and Q skeletal muscle tissues of control, obese and muscle mouse
lines were homogenized and extracted following classical Folch method (Folch et al,
1957). Skeletal muscle tissues were first cut in the amount of 29.2 + 0.8 mg. Samples
were homogenized by using ULTRA-TURRAX T25 (IKA-Werke GmbH&CO,
Staufen, Germany) at the speed of 13000 1/min for a minute with the solvents of
chloroform and methanol (2:1, v/v) to a final volume where the solvents were used
twenty times the volume of the muscle samples. The obtained homogenate was
agitated for forty minutes in an orbital shaker at room temperature. Afterwards, the
homogenate was centrifuged at 2000 rpm for five minutes at room temperature, in
order to recover the liquid phase. Recovered homogenate was washed with 0.2
volume of 0.9% NaCl solution. After vortexing the mixture for ten seconds, it was
centrifuged at 2500 rpm for ten minutes at room temperature. Upper phase was
removed and re-centrifuged at 2500 rpm to recover any lipids. Lower phases both
obtained from two centrifugation steps were collected in a test tube and dried under
nitrogen gas, thus lipids were able to adhere to the inner wall of the test tube.

Samples were stored at -20 °C until use.
2.2.3.2 HPLC Instrumentation

Throughout the whole study, a Waters Alliance e2695 Separations Module with
quaternary liquid chromatographic pump was used which ensured to mix and pump
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mobile phase solvents through the column (Waters, Milford, USA). The
instrumentation allows both gradient and isocratic elution, adjusted either by
manually or automatically. The HPLC system consisted of a silica filling normal-
phase Agilent Polaris-Si (150 x 4.6 mm 1.D) column with 3 um particle size (Agilent
Technologies, Santa Clara, USA). The column temperature was maintained constant
at 22 °C. A binary gradient elution was performed and the gradient curve value was
6, thus the gradient change kept linear as it is demonstrated in Figure 2.1. Solvent A
consisted of n-Hexane, and solvent B consisted of isopropanol (IPA), methanol
(MeOH), acetic acid (AA) and triethylamine (TEA) (60:40:0.2:0.1, by mw). As
shown in table 2.4, the gradient started at 100% of A, and kept constant at the first 3
minutes of the run. Solvent A decreased to 90% in next 2 minutes, and to 60% in 12
minutes. Mobile phase A was held at 0% for the next 5 minutes, and then it reached
back to 90% in 3 minutes. Then in the next 2 minutes, gradient percentage of A
returned to the start point (Olsson et al, 2012). Each run was designed to last 35
minutes per sample, the first 28 minutes of the elution was for to separate lipids,
while the last 7 minutes for the regeneration of the column prior to the next injection.

The flow rate was 0.8 ml/min throughout.

Final 100%
conditions

Initial
conditions 0%

Figure 2.1. Curve shapes for gradient profiles (Waters €2695 Separations Module
Operator’s Guide).
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Table 2.4. Binary gradient elution scheme.

Time (min)  Flow (ml/min) A (%) B(%0) Curve

0 0.8 100 0 6
3.00 0.8 100 0 6
5.00 0.8 90 10 6
17.00 0.8 60 40 6
18.00 0.8 0 100 6
23.00 0.8 0 100 6
26.00 0.8 90 10 6
28.00 0.8 100 0 6

For detection, a Waters 2424 ELS detector was used (Waters, Milford, USA). The
drift tube temperature was set to 70 “C, and the nebulizer parameter was adjusted to
the cooling mode. The data rate was 5 point per seconds (pps). The pressure of pure
nitrogen gas was 60 psi (4.13 bar). Prior to injections, the instrument was washed
with each mobile phase solvents at least 35 minutes
(http://lwww.nestgrp.com/pdf/colcare.pdf). After washing step, it was calibrated and
conditioned with the developed method for at least four times. Each standard and
sample was dissolved in chloroform and methanol in the ratio of 2 to 1. From each
standard lipid and sample at least five replicates were done, and the average
chromatograms were obtained using these replicates. For calibration curve plotting
and data analysis, Empower 2 Chromatography Data Software was used (Waters,
Milford, USA).
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2.2.4 Statistical Analysis

The results were expressed as ‘mean + standard error of mean (SEM)’. The analysis
of DBA/2J, BEMI and BMMI muscle samples was first done with ANOVA test, due
to the abundance of the animal groups. And to find which means were significantly
different from one group to another, Tukey’ s test was used as a post test, . A
‘p’value less than or equal to 0.05 was considered to be statistically significant (for
eX. p<0.05*, p<0.01**, p<0.001***). The degrees of significance were denoted with
DS ), Y, °§7 and ‘”  if the results were significant relative to DBA/2J,
BMMI806, BMMI826, BMMIB66, BFMI852, BFMI856, and BFMI860,
respectively.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Part I: Method Development

As mentioned in ‘Materials&Methods’ part, classic Folch, modified Folch,
Bligh&Dyer and Lutzke lipid extraction methods, were performed in order to choose
the most efficient procedure (Bligh & Dyer, 1959; Folch et al, 1957; Iverson et al,
2001; Lutzke & Braughler, 1990). In order to find out the yields of these tried
methods, total lipid contents of different extraction methods were determined.
Calculated total lipid amounts were given in Table 3.1, of each tried method. As it
can be clearly seen, the highest total lipid content was determined via using classic
Folch method (Folch et al, 1957) as the extraction method. Since estimation of lipid
content in the method of Bligh&Dyer’s decreases as the content of lipids increases,
this method was not preferred (lverson et al, 2001). Therefore, in the current study,

for the tissue samples, classic Folch method was preferred to be used.

Table 3.1. Total lipid amounts of each method.

Extraction  Classic Folch Modified Lutzke Bligh&Dyer
Methods Method Folch Method Method Method
Total Lipid

15.44 +£0.47 14.61 £ 0.64 13.70 £ 0.68 7.91+1.30
(mg/dL)
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Although the most efficient extraction method was chosen, random mouse muscle
lipid extracts were run through the instrument, according to the gradient elutions as

described in detail, in ’Materials&Method’ chapter.

Firstly, Descalzo method with the mobile phase solvents, methanol, acetonitrile, n-
Hexane, isopropanol and water was tried (Descalzo et al, 2003). Solvent A was
methanol; solvent B was isopropanol, n-Hexane and water (63:35:2, v/v/v); solvent
C was isopropanol and n-Hexane (40:60, v/v) and solvent D was only acetonitrile.
As can be seen in the Figure 3.1, use of water as a solvent blocked the signal of the

interested lipids, in a way the signals of the lipids could not be seen.
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The separation method developed by Lutzke and Braughler were applied to the lipid
extracts (Lutzke & Braughler, 1990). In this method, mobile phase solvents were
isooctane, tetrahydrofurane, isopropanol, n-Hexane, chloroform and water. A ternary
gradient was applied, with the solvent A was isooctane and tetrahydrofurane (99:1,
vIv); solvent B was composed of isopropanol and chloroform (80:20, v/v); and
solvent C was isopropanol and water (50:50, v/v). Use of water as a mobile phase,
again blocked the signal of detector, as it can be seen in Figure 3.2. However,
isooctane and tetrahydrofurane mobile phases caused greater problems, like
increasing the backpressure, abortion of the run and wearing out the pieces of the
instrument. These three solvents were abandoned because of the incompatibility with

the separation instrument and the detector.
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After trials of above mentioned methods, another elution method was performed
according to Perona and Ruiz-Gutierrez method (Perona & Ruiz-Gutierrez, 2005). A
ternary gradient elution was applied with the mobile phase solvents of methanol,
isopropanol and n-hexane. This method was promising since the solvents were
compatible with the instrument and they caused relatively lower backpressure.
Figure 3.3 shows a representative chromatogram of this procedure. Glyceryl trioleate
(TG), phosphatidylcholine (PC) and cardiolipin (CLPN) lipids were eluted; however

other main lipid components of a muscle mouse tissue were absent.
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In order to obtain better separation and also to see the lipids of interest more clearly,
the above mentioned method was developed further. For this purpose, in addition to
n-Hexane, methanol, and isopropanol, which did not block the signals of lipids,
triethylamine (TEA) was decided to be used. In addition to TG, PC and CLPN
lipids,in order to detect other main lipids such as cholesterol (C) and 1-oleoyl-rac-
glycerol (MG) , triethylamine (TEA) was added into the solvent methanol, so that
elution and the resolution of the lipids were enhanced (Figure 3.4).
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With the addition of TEA, triglyceride, monoglyceride, cholesterol, cardiolipin and
phosphatidylcholine lipid classes were eluted. However; signal-to-noise ratio was
found to be dramatically high. To overcome this problem, flow rate of nitrogen gas
was increased to 60 psi from 30 psi and drift tube temperature was increased to 70°C
from 50°C. Also the gradient elution was changed as described in ‘Materials &
Methods’ chapter, to separate more lipid classes and to obtain stronger elution
(Olsson et al, 2012). Use of only n-Hexane, but nothing else, in the first three

minutes provided a clear elution of apolar lipids, cholesteryl oleate and triglyceride.

Since the length and the particle size of the column have also important effects on
the results, the column was also altered. Separations were performed using another
column with the length of 150 mm and particle size of 3um, instead of a column
with the length of 100 mm and particle size of 5 um. As can be seen in Figure 3.5,
this column alteration provided clear elution of lipids which were overlapping, like
cholesteryl oleate and triglyceride, or which had retention times very close, like
monoglyceride and cholesterol.

This figure displays the success of the newly developed method. Extracted lipids
from quadriceps (Q) muscle of a mouse from control DBA/2J line were separated
clearly, without any overlapping, as it can be clearly seen from the representative

chromatogram.
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This newly developed method was also tried on an adipose tissue, to see if this
method is applicable to other kinds of tissues. As can be seen in Figure 3.6, with this

method, lipids were also detected in another tissue, besides skeletal muscle tissues.
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3.2. Part Il1: HPLC-ELSD Studies

To identify and quantify lipids extracted from LD and Q muscles of control DBA/2J,
obese BFMI and muscle BMMI mice, firstly different concentrations of standard
lipids cholesteryl oleate (CO), glyceryl trioleate (TG), cholesterol (C), 1-oleoyl-rac-
glycerol (MG), phosphatidylcholine (PC) and cardiolipin (CLPN) were injected to
the instrument. In this way, retention times which are specific to each standard were
found. Table 3.2 shows the retention times of each standard, according to their
appearance order. In figures 3.7 — 3.12, chromatograms of standards are

demonstrated.

Table 3.2. Retention time of lipid standards.

Standards 6{0) TG C MG PC CLPN

Retention
. . . 2.734+0.01 2.872+0.03  8.761+0.03  9.681+0.02  20.302+0.80  26.360+0.87
Time (min)
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In order to quantify the lipids homogenized and extracted from LD and Q skeletal
muscles of DBA/2J, BFMI and BMMI mice, standard calibration curves were drawn
using Waters Empower Pro 2 software. For this purpose, standards were injected at
different concentrations. Figures 3.13 - 3.15 show the standard calibration curves.
Coefficients of determination (R?) of all standards were found to be higher than 0.99,

which indicate the goodness of fit of all injected standards.
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Lipids of DBA/2J, BFMI and BMMI mice were separated, identified and quantified
via sensitive HPLC-ELSD system (Figures 3.16-3.18). As it can be seen in figures
3.19-3.21, regarding to all mouse lines, the highest lipid content was found in BFMI
mouse lines. Within BFMI lines, the notable high total lipid contents were found in
BFMI860 and BFMI861 mouse lines, respectively (Figures 3.18 and 3.21).
BFMI852 and BFMI856 mouse lines displayed less lipid content, when they were
compared to other BFMI lines, BFMI860 and BFMI1861. BMMI806 mouse line was
found to have the highest total lipid content within BMMI lines (Figures 3.16 and
3.19). Figure 3.22 shows the difference between the lipid contents, extracted from
LD muscles of a BFMI and a BMMI mouse line. From chromatograms, these results
can be seen qualitatively. Chromatogram of control mouse line was taken as a

reference result.
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Figure 3.16. Chromatograms of lipids from LD muscle of (A) DBA/2J, (B)
BMMI826, (C) BMMI866, and (D) BMMI806 obtained by HPLC-ELSD.
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Figure 3.17. Chromatograms of lipids from LD muscle of (A) BFMI856, (B)
BFMI852, and (C) DBA/2J obtained by HPLC-ELSD.
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Figure 3.18. Chromatograms of lipids from LD muscle of (A) BFMI860, (B)
BFMI861, and (C) DBA/2J obtained by HPLC-ELSD.
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Qualitative results can be seen from chromatograms. Using standard calibration
curves, lipid concentrations of each sample was analyzed quantitatively via using
Waters Empower2 Pro software. CO, TG, C, MG, PC and CLPN lipids from LD and
Q muscles of each sample were quantified statistically (Figures 3.23-3.30).

Figure 3.23 demonstrates TG concentrations of the extracted lipids from both LD
and Q skeletal muscles of control, BFMI and BMMI mouse lines. As it can be seen
from the figure, all BFMI lines displayed at least two times higher amount of TG
lipid when compared to BMMI lines, due to their physiologic state and complex
genetic background. Since the quantity of simple lipids, especially TG can alter
dramatically according to the dietary or physiological state of the animal, this result
of TG concentration is expected (Christie, 1987).

Within BFMI lines, especially BFMI1860 and BFMI861 lines were found to have the
highest TG. In other BFMI lines (BFMI852 and BFMI856), TG concentration was
not found to be higher as BFMI860 and BFMI861. It is known that there is a link
between obesity, muscle triglyceride storage and insulin resistance (Goodpaster et al,
2001; Kelley & Goodpaster, 2001; Pan et al, 1997). Especially, an increase in
skeletal muscle triglyceride level indicates severe insulin resistance, and
accumulation of this lipid increases in obesity (Goodpaster et al, 2000). In fact, in
diabetic and pre-diabetic individuals, insulin resistance states are closely related to
excess lipid availability, high circulating plasma free fatty acids and triglyceride and
increment in intramyocellular triglyceride accumulation (Stein, 2004). Having at
least two times higher TG concentrations, obese BFMI lines might have high
tendency to have insulin resistance. Especially, the lines BFMI860 and BFMI861
which showed significant results not only to BMMI lines but also other BFMI lines,
might be more predisposed to insulin resistance. Indeed, these lines were found to be
insulin resistant (Hantschel et al, 2011; Wagener et al, 2006). In the light of these
results, it can be deduced that, not BFMI852 or BFMI856, but BFMI860 and
BFMI861 lines might be more predisposed to obesity-induced type 11 diabetes.
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Regarding to muscle BMMI mouse lines, BMMI806 showed higher TG
concentration compared to other BMMI lines, BMMI826 and BMMI866, which
were both myostatin mutants. Higher TG level within BMMI806 clearly reveals the
effect of the mutation on myostatin gene. Since myostatin acts as a growth limiting
factor in the development of muscle tissue (Slack, 1997), individuals of wild-type
BMMI806 line did not have larger muscles and higher numbers of muscle fibers, as
did other BMMI lines in the studies. Mice of this specific line displayed higher
intramuscular fat content when compared to BMMI826 and BMMI866 lines, which
had unlimited muscle growth due to Mstn” myostatin mutation. This result confirms
the findings where animals with myostatin mutation have significant increase in
muscle mass and decrease in fat mass (McPherron & Lee, 2002). And from this
result, it can be deduced that, myostatin mutant lines BMMI826 and BMMI866
might be less prone to have diet-induced and genetic obesity, while BMMI806 line
might be more predisposed to obesity and also, type Il diabetes. This result confirms
newly found data about the relation between myostatin mutation, obesity and type 11
diabetes (Guo et al, 2012; Guo et al, 2009).
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Free cholesterol (C) is a ubiquitous lipid which is found abundantly in animal
tissues. Cholesterol is the most well known member of steroids (Christie, 1987). It
has various functions like being a precursor to steroid hormones, like estrogen,
testosterone, progesterone, cortisol and aldesterone and maintaining membrane
fluidity (Christie, 1987; Hu et al, 2010; Simons & Ehehalt, 2002). Interacted with
sphingomyelin, cholesterol forms lipid rafts. These microdomains of plasma
membrane are crucial for maintaining cell membrane fluidity and also cell signaling
(Calder & Yaqgoob, 2007; Pike, 2003; Simons & Ehehalt, 2002). It has been well
known that insulin receptors are located within a special lipid raft type, called
caveolae (Gustavsson et al, 1999; Habegger et al, 2012; Parpal et al, 2001). Any
disruption of these lipid rafts triggers dysfunctioning of insulin receptors, therefore
diminishing the action of insulin-stimulated glucose uptake (Gustavsson et al, 1999;
Pike, 2003; Vainio et al, 2002).

In recent study, cholesterol from LD and Q skeletal muscles were found to be
significantly higher in BFMI860 and BFMI861 lines (Figure 3.24). While BFMI860
mice displayed remarked differences in both LD and Q skeletal muscle tissues,
BFMI861 mice showed a dramatic significance only in their LD muscle. In the light
of literature and the results, high concentrations of C in both lines might be an
indicator of decreasing insulin sensitivity, and therefore increased tendency to be
obesity-induced type Il diabetes. In BMMI mice, no significant results were seen,
though BMMI806 line displayed higher amounts of cholesterol levels than other

muscle inbred mice, and even other obese inbred mice.
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Cholesteryl ester (CO) is the esterified form of cholesterol (Christie, 1987). An
enzyme called lecithin cholesterol acyltransferase (LCAT) converts free cholesterol
to cholesteryl ester primarily in HDL and to a lower extent in LDL (Li et al, 2011).
This enzyme is crucial in regulating the metabolism of high-density lipoprotein
(HDL) and HDL-cholesterol levels in plasma (Li et al, 2011; Ng, 2012), which
makes it related to another enzyme called cholesterol ester transfer protein (CETP)
that functions as shuttle of TG and CO molecules between lipoproteins (Berti et al,
2003) (Figure 3.25). Recent studies show that LCAT deficient mice displayed
protection against insulin resistance and obesity (Li et al, 2011; Ng, 2012). In the
light of these studies, obese individuals may have higher LCAT activity, therefore
higher cholesteryl ester in their body. In fact, a study conducted on non-diabetic
obese and lean individuals, LCAT concentration was found greater nearly 30% in

obese subjects than lean ones (Magkos et al, 2009).

Blood Peripheral tissue

(8]
Liver D Cholesteryl 0 () OO Free cholesterol
S ester 0 0
\909 )A ) Q\ £L
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Figure 3.25. Mechanism of formation of mature HDL and the actions of the
enzymes CETP and LCAT (Duffy & Rader, 2009).
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Another crucial protein in cholesteryl ester metabolism is cholesteryl ester transfer
protein (CETP) which shuttles triglycerides and cholesteryl esters between
lipoproteins (Fielding & Fielding, 1995; Tall, 1993). It has been known that obesity
is accompanied with increased levels of CETP, and increased levels of this
glycoprotein induces reduction in the level of HDL-cholesterol complex —which is
known as “good cholesterol”- and increase in triglyceride amount in plasma (Arai et
al, 1994; Chapman et al, 2010; Hayashibe et al, 1997; MacLean et al, 2003; Magkos
et al, 2009). And also CETP levels were found to be increased in non-diabetic insulin

resistant subjects (Borggreve et al, 2003; Riemens et al, 2001).

In this study, especially obese BFMI860 and BFMI861 lines displayed significantly
higher amounts of CO both in their LD and Q muscle tissues compared to BMMI
lines (Figure 3.26). Especially in the Q muscle, significance of this result was
observed clearly. Other inbred mouse lines however, did not show any significant
levels of CO. Since BFMI860 and BFMI861 lines exhibited stronger obese
phenotypes, this result was expected. With the obtained results and literature
knowledge, BFMI860 and BFMI861 mice may be more prone to display obesity-

induced insulin resistance.

Regarding to muscle BMMI lines, as it can be seen from the figure, their CO
concentration did not differ dramatically, though BFMI1806 had slightly higher CO
content in their skeletal muscle tissue. This result was also expected due to its normal
functioning myostatin gene. As mentioned above, subjects who have myostatin
mutation have increased muscle mass and decreased fat mass (McPherron & Lee,
2002).
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Monoacylglycerols which found in trace amounts in fresh animal tissues, are
composed of one molecule fatty acid and one molecule of glycerol (Christie, 1987).
This lipid is formed via the degradation of triglycerides first into diglycerides and
then monoglycerides by digestive lipases (Figure 3.26) (Khoo et al, 1974; Saadeh et
al, 2012; Schittmayer & Birner-Gruenberger, 2009; Wang & Eckel, 2009). After
formation of monoglyceride, lipid can be stored in skeletal muscles (Wang & Eckel,
2009). Furthermore, this lipid can again be hydrolyzed to fatty acid and glycerol, as
it can be seen from Figure 3.27. A study conducted on the deficiency of this lipid’s
lipase enzyme, monoglyceride lipase, shows the presence of improvement in insulin
resistance, though not in diet-induced obesity (Taschler et al, 2011), which indicates

this lipid and its lipase enzyme contribute into insulin resistance states.
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Figure 3.27. Synthesis of monoglyceride molecules from triglycerides (Jocken &
Blaak, 2008).

In Figure 3.28, MG concentration of LD and Q muscles of control, BFMI and BMMI
mouse lines is shown. In both muscle types, especially in LD muscle, concentration
of this lipid was significantly higher in BFMI860 among other BFMI and BMMI
lines. This MG content of this line may be due to excess concentration of TG which
is a precursor molecule of MG. In LD muscle of other lines, however no remarked

difference was observed, not even in BFMI861 line. Also in Q muscle, the content of
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MG of BFMI860 line was found to be the highest of all lines. This high amount of
MG may also due to high content of TG in this line.
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Phosphatidylcholine is one of the major components of cellular membrane
phospholipids in eukaryotic cells which plays an important role in various functions
like, cell signaling, membrane integrity and being a precursor of some bioactive
lipids, such as lysophosphatidylcholine, phosphatidic acid, diaclyglycerol, and
arachidonic acid (Christie, 1987; Goto-Inoue et al, 2012; Kent & Carman, 1999).
Although, this lipid is ubiquitous in all kinds of membranes, greater levels of
phosphatidylcholine were found in obese ob/ob mice, not in skeletal muscle tissue
but in cardiac muscle tissue (Christoffersen et al, 2003). Furthermore, studies
showed that, alterations in the levels and composition of phosphatidylcholine change
the response of skeletal muscle tissues to insulin, therefore induces insulin resistance
(Clore et al, 2000; Rauch & Loughna, 2005).

In this study, PC content of control, obese and muscle inbred mice was calculated.
As can be seen from Figure 3.29, although no significant results were obtained
regarding the PC content in LD muscle type, there was an obvious increase all BFMI
lines compared to BMMI lines. Most probably, this increment may be due to obese
phenotypes of BFMI lines. Within BFMI lines, the content of the lipid was almost

unchanged. Within BMMI lines the content was not changed either.

In Q muscles, however, a remarked difference in the levels of PC was observed in
BFMI1860 and BFMI861, but especially in BFMI861 line, when compared to BMMI
lines. Significant results of PC contents of BFMI860 and BFMI861 lines, but not
other BFMI lines, may arise from their severe obese phenotypes. Regarding to
BMMI lines, PC levels did not change within lines.

Since phosphatidylcholine is the most abundant phospholipid type in all kind of
membranes and since the lipid composition of membranes does rarely change from
tissue to tissue (Christie, 1987), absence of significant results within BFMI lines, and

within BMMI lines, both in LD and Q muscles were plausible. High amount of PC in
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BFMI860 and BFMI861 lines may further indicate their diminished insulin

sensitivity.
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Cardiolipin, also known as diphosphatidylglycerol, is composed of two molecules of
phosphatidyl and one molecule of glycerol, and is a fingerprint of the presence of
mitochondria (Christie, 1987; Joshi et al, 2009). This particular lipid is ubiquitously
present in the inner membrane of mitochondria organelles of all mammalian tissues
and also in all living things, even prokaryotes, which functions not only in
mitochondrial bioenergetics, but also in protein transport, aging and apoptosis
(Claypool, 2009; Joshi et al, 2009; McMillin & Dowhan, 2002).

Since CLPN is a mitochondrial lipid, its presence in both tissues was expected.
Interestingly, in all mouse lines, whether belong to the control, muscle or obese, the
content of this lipid was found to be the almost same, in both skeletal tissues, except
BMMI866 (Figure 3.30). In fact, these findings confirm studies conducted about the
relation between mitochondrial lipid content and skeletal muscle tissues (Ritov et al,
2010; Stefanyk et al, 2010). The former study revealed the similarity of cardiolipin
content between lean and obese individuals, as the HPLC-ELSD results below
display. And the latter study showed the similarity of cardiolipin content between

different skeletal muscle types, which also HPLC-ELSD results indicate.
Only significant result was found between BMMI866 and BFMI860. The obese

mouse line displayed significantly higher result when compared to the muscle mouse

line.
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Regarding to the muscles types, as it can be seen from the bar diagram figures,
except cholesterol (C), phosphatidylcholine (PC) and cardipolipin (CLPN) lipids, LD
skeletal muscle tissue was found to contain higher amount of lipids. Monoglyceride
(MG), cholesteryl oleate (CO), but especially triglyceride (TG) lipids were found to
be dramatically greater in longissimus dorsi (LD) skeletal muscle tissue, when
compared to quadriceps (Q) skeletal muscle tissue. Since there is a link between
obesity and muscle triglyceride accumulation, finding greater concentrations of TG,
especially in BFMI860 and BFMI861, indicates that these lines displayed more
obese phenotypes, and their LD muscle tissue was more affected. Being a product
molecule of triglyceride, monoglyceride showed parallel results in both tissues, of
course in fewer amounts. As it can be seen from the Figures 3.19 and 3.21, while CO
was found higher in LD, level of C was found lower; and vice versa is true for the Q
muscle. This result may indicate a greater cholesterol esterification rate in LD than in
Q muscle. Another membrane phosholipid, phoshpatidylcholine was found
significantly higher only in Q muscles of BFMI860 and BFMI861 mice, which may
be correlated to these lines’ strong obese phenotypes. Other lines were found to
contain similar amount of PC, in both tissues. Since, CLPN is an inner mitochondrial
membrane phospholipid, and essential for maintaining life, the similar values among

both in inbred lines, and both in tissues were expected.
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CHAPTER 4

CONCLUSION

Optimization process is essential while using chromatography. Procedures copied
from literature rarely fit to the instrument itself. Therefore, generally a new method
according to the column, detector, separation module, and of course to the samples
has to be developed. The results obtained from the ‘Method Development’ part of
this study display the effectiveness of the newly developed method for lipid
separation, from muscle tissues. Main lipid classes, namely triglyceride (TG),
cholesteryl ester (CO), free cholesterol (C), monoglyceride (MG),
phosphatidylcholine (PC) and cardiolipin (CLPN) were separated clearly.

In obesity studies, quantification of lipids is generally done by chromatography
methods. In the second part of the study, Longissimus Dorsi (LD) and Quadriceps
(Q) skeletal muscle tissues from special-bred mouse lines, control DBA/2J, obese
BFMI and muscle BMMI lines, were analyzed and quantified. Among all mouse
lines, BFMI860 and BFMI861 mice, but especially BFMI860, were found to have
the highest amount of lipids.

Greatest TG lipid accumulation within LD and Q muscle tissues was observed in
BFMI860 and BFMI861 lines. Other BFMI lines also displayed high amounts of TG
when compared to BMMI lines, but not as BFMI1860 and BFMI861. Among BMMI
lines, myostatin wild-type BMMI806 line displayed higher amount of TG.
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CO and C lipid levels were also found to be significantly greater in BFMI860 and
BFMI861 lines, in both tissues. Only MG levels displayed higher concentration in
BFMI860 in both tissues. Although, no significant results were observed among
BMMI lines, BMMI806 mice showed relatively higher amounts of lipids than other
BMMIs, in LD and Q muscles.

In LD tissues, PC contents were not altered in same inbred lines. BFMI mice were
found to have higher PC values compared to BMMI lines, but they did not display
any remarked differences among themselves. In Q tissues however, BFMI860 and
BFMI861 lines, but especially BFMI1861, showed significant results in comparison to
BMMI lines.

CLPN content displayed almost no difference among control, obese and muscle

lines. Similar concentrations were observed both in LD and Q muscles.

Regarding all these results, it can be deduced that BMMI806, BFMI860 and
BFMI861 lines can be used as spontaneous, polygenic obese animal models, since
they displayed dramatic increments in critical lipids. Furthermore, lipid
quantification results obtained from HPLC-ELSD studies demonstrated that,
BFMI1860 and BFMI861 mouse lines may be applicable animal models in obesity-
induced type 1l diabetes, due to TG and C, or cardiovascular diseases, due to C and

CO, or even metabolic syndrome, due to all of the lipids.
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