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ABSTRACT

The aim of the present study was to investigate whether dietary CLA affects the

expression of genes encoding for proteins involved in cardiac calcium

homeostasis. In particular, we were interested in the effects of CLAs either as

single isomers (cis-9,tratts-l I or trans-7O,c¿s-l 2) or mixtures of these isomers in

fatty acid or triglyceride form on the cardiac gene SERCA2a.Numerous studies

have demonstrated that SERC A2a, the key protein involved in cardiac relaxation,

decreases progressively as heart disease progresses toward enrd-stage heart failure,

and current research has been focused on methods of increasing functional

SERCA2a in failing hearts as a method of improving cardiac function. Left

ventricular tissue mRNA was extracted from male and female rat hearts, and

reverse-transcriptase polymerase chain reaction was conducted. pcR products

were analyzed by gel electrophoresis and the intensity of each band was

photographed and quantifìed as a ratio of target gene over GApDH. Western blot

analyses were performed for SERC A2a and phospholamban protein content, and

band intensities were quantified. calcium uptake and release activities were also

determined using isolated sR vesicles. our results showed that: l) cLA affected

the expression of genes encoding for the proteins responsible for cardiac calcium

homeostasis; 2) These changes were isomer-dependent, and arso appeared to be

dependent upon the form of the mixed isomers (i.e. fatty acid versus triglyceride)

and; 3) The observed effects differed between genders. The changes measured for

XI



sERCA2a and phospholamban gene expression did not correlate with protein

levels as assessed by western blot, suggesting post-transcriptional or translational

effects of CLA' Results of calcium uptake and release assays revealed that Ca2*

release decreased for all groups of males, and ca2* uptake and release decreased

or remained unchanged for female groups. These findings provide evidence that

dietary CLA has an effect on the expression of cardiac genes, and that these

effects are gender-dependent. Given the decrease in SR calcium release activities,

it appears that the main effect of CLA rnay be antianh¡hmic in nature, rather than

increasing the functional level of SERCA2a. Further research is necessary to fully

elucidate the effects of CLA on transcriptional and post-transcriptional changes to

proteins involved in cardiac calcium homeostasis, as well as to better understand

the effect of gender on cardiac response to dietary CLA.

xt1



I. INTRODUCTION

Since Ringer's observations in 1883, it has been proven that calcium

(cu'*) is essential for the cardiac excitation-contraction cycle and subsequent

propulsion of blood around the circulatory system (Maier and Bers, 2002). It has

also been shown that the proteins of the cardiac myocyte sarcolemmal membrane

(SL) and sarcoplasmic reticulurn (sR), including the sarco(endo)plasrnic reticulum

ATPase pump (sERCA2a), and rhe ryanodine receptor (RyR) pray akey rore in

the homeostatic regulation of cardiomyocyte calcium (Dhalla et ar.,2000).

Ca2*-overload and oxidative stress are the two rnajor mechanisms that

have been irnplicated in cardiac dysfunction in different pathological conditions

(Dhalla et a\.,2000a; Dhalla et a\.,2000b). Ca2*-overload can be attributed to a

number of factors, including the degradation of cardiac cellular proteins such as

sERCA2a (Yoshida et ar.,1990) and RyR (Rardon et ar.,'990).

Dietary fat is an essential macronutrient of the diets of all animals, and

it provides a source of energy and hydrophobic components for biomolecules

(Jump et al', 1996)' Beyond its importance as a macronutrient, dietary fat has

recently gained prominence for its role in regulating gene expression. Research

has demonstrated that polyunsaturated fatty acids (puFAs) can affect gene

expression through various mechanisms, incruding changes in membrane

composition (clarke and Jump, 1994; Jump and Botorin, 2005), eicosanoid

production (sampath and Ntambi, 2005), and changes to intracellular calcium



levels (Xiao et ar., 1997; Honen et ar.,2003). Additionaily, puFAs and their
various metabolites can act at the nuclear level, working in conjunction with
specific nuclear receptors and transcription factors to affect the transcription of a

number of genes (Jump and crarke lggg;pegorier et ar.,2004).

The term conjugated linoleic acid and its acronym cLA refer generally

to mixtures ofpositional and geometric conjugated dienoic isomers of linoleic acid
(Griinari et ar., 2000; pariza et ar.,2000). In recent years, this famiry of
polyunsaturated fatty acids has become a popular hearth supplernent, and scientific

interest in conjugated linoleic acid (cLA) has rapidly increased. However, many
questions remain to be answered in order to fully elucidate the physiological

effects that have been observed in animals fed clA-enriched diets. To our
knowledge' no studies have been performed that have looked at the major cLA
isomerq or mixtures of these isomers in triglyceride (TG) or fatty acid fonn (FA)

and their effects on the genes that encode for proteins regulating calcium
homeostasis in the hearts of male and female rats. An initial study performed in
our laboratory demonstrated that dietary cLA, either as single isomers or as

mixtures of isomers had significant effects on cardiac hemodynamic performance

in male and femare rats (Tappia et ar., 2006). The present research project
therefore sought to determine the underlying mechanisms involved in the

hemodynamic changes observed in clA-fed animals, specifically the expression

of genes involved in cardiac calcium handling.



II. LITERATURE REVIEW

A. Conjugated tinoleic acid (CLA)

1. lntroduction

Dietary lipids have received more attention from health professionals

and the public than any other nutrient in the food suppry. In the minds of many

people' fat has negative health implications; nonetheless, certain types of lipids

are an essential component of human health. It is well known that dietar y fatty

acids can control or modulafe a wide variety of different cellular processes

(deJonge et ar., 1996). cLA is one exampre of these types of biorogicaily

powerful fatty acids.

Literature concerning cLA first emerged in the l g50s and l g60s

(Belyy, 2002; Reiser, 1950; scotr et ar., 1959). However, cLA did not

become a serious research area untir the r 9g0s, when Michaer pariza and

colleagues coined the acronyn cLA and reported that conjugated linoleic acid,

isolated from grilled beef or produced by base-catalyzed isomerization of
linoleic acid (LA), was an effective inhibitor of benzo[a]pyrene-induced mouse

epidennal neoprasia (pariza et ar., 1979; pariza et ar., 19g3; pariza and,

Hargraves, 1985; Ha et ar., l9g7; Ha et ar., 1990). These researchers

subsequently showed that application of both crude extracts and synthetically

prepared cLA inhibited chemicalry-induced epidermal papilomas and

decreased tumor incidence (Ha et ar., 1990; Ha et ar., r9g7).This pioneering



research opened the door to further research on the biological functions and

possible health benefits of cLA from a number of diverse perspectives,

including chemoprevention, imrnune function enhancement, anti-atherogenic

functions, and moduration of body composition (Lee et at., r994;Miller et ar.,

1994; Park et at., 1997;parjza et a\.,2001).

2. Description

The term cLA refers generally to mixtures of positional and geometric

conjugated dienoic isomers of linoleic acid (Griin ari et at., 2000; pariza et al,

2000)' unlike LA, where the double bonds are separated by rnore than one

single bond, making the double bonds isolated or non-conjugated, the double

bonds in cLA are conjugated and occur in several positions in the carbon

chain,'including: 7,9; B,r0; 9,r1; 10,12; or ll,13. Furthermore, each doubre

bond can exist in either the c¿s or trans fonn (Beru ry,2002).

The major isomer of CLA found naturally in food is c¿s-9, trans-ll

(c9,tll cLA), and this is the predominant isomer in the human diet, consumed

together with smaller amounts of tl,c9 cLA, cll,tl3 cLA and rl 0,cr2 cLA
(Lawson et al., 200r). while dietary sources of cLA isomers are

predominantly in the triacyglycerol form, cLA supplements are primariry in

the fatty acid form (Nagao and yanagita, 2005). The main sources of cLA in
the human diet are meat and dairy products derived from ruminants. In these

products, greater thang0o/o of cLA exists as the c9,trr isomer (McGuire et ar.,



1999)' Recent studies have suggested that the biological effects of CLA are

isomer specific (Pariza et a1.,2001), and indicate that the c9,tll and tl},cl2

isomers of CLA appear to have important potential biological activities (pariza

et a|.,2001).

3. Rumenal biohydrogenation of CLA

The rumen of animals such as cows, sheep, goats and deer may be

Iikened to a large, anaerobic "fermentation vat" which contains microbes

capable of biohydrogenating ingested PUFAs from forage or other feed sources

(i.e. added grain or fish oils) (wahle et al., 2004). The first step in the

biohydrogenation of dietary LA involves the rumenal bacteria Bufitr.vibrio

fibrisolvens, and results in the fonnation of the c9,tll isomer, due to the

transpositiqn of the delta-l2 double bond. As rnentioned, this is the most

abundant natural isomer present in ruminant tissue fats (over 90o/o of total

cLA) and has been tenned rumenic acid (RA) (McGuire et al., 1999;parodi,

2003)- After formation in the rumen, RA may be directly absorbed or further

metabolized (biohydrogenated) by rurnen microorganisms (pariza et a1.,2001).

Further hydrogenation of RA results in the production of rll-lg:l vaccenic

acid (VA), which is the major trans-monounsaturated fatty acid present in the

fats of ruminant food products, including milk, yogurt, cheese, butter and

meats. It should be noted that the biohydrogenation process is invariably

incomplete, otherwise only saturated fatty acids would flow from the rumen,



rather than the mixture of RA, VA, and saturated products that are in fact

produced (Wahle et al., 2004). It rnust also be noted that it is not possible for

the relatively high proportion of RA found in cows, milk (2-52 mglgfat) to be

derived solely from the relatively small amount of RA that exits the rumen for

distribution to tissues (Wahle et a\.,2004). In fact, it has been determined that

approxirnately 70%o of RA found in milk fat is derived from VA by the activiry

of delta-9 desaturase in the mammary tissue of rurninant animals (Griinari and

Baumarm, 1999).

A wide spectrum of minor geometrical and positional isomers of CLA is

also produced during rumenal biohydrogenation of LA, and range frorn 16,rg-

18:2 to tl3,tl5-18:2, with a number of cis-trans, trans-cis, trans-trans, and cis_

cls positional isomers between the two extreme positions on the acyl chain

(McGuire et g!.; 1999; parodi, 2003). To date, little is known about any

beneficial or detrimental metabolic effects of the minor isomers found in

natural CLA mixtures.

4. Commerc¡al production of CLA

CLA is chemically synthesized by alkali isomerization from LA or oils

rich in this fatty acid, such as sunflower or safflower oils, which can be in the

form of TGs, FAs or fatty acid esters (Reany et ar.,1999;saebo, 200r). whire

earlier commercial preparation methods focused primarily on maximizing the

yield of CLA, current production procedures aim at a product containing the



two main cLA isomers, c9,tfi and tl},cl2 cLA (Reany et al., lggg). A few

pure cLA isomers (c9,t11, c9,cll, t9,tll and tl},cl2) are also now available

(Kramer et a\.,2004). Nonetheless, coïrunercially produced CLA still contains

some level of minor isomers. Furthermore, the conditions used to conjugate

LA have little or no effect on either monounsaturated or saturated fatty acids

that rnay also be present in the initiar oil; howev er, any puFAs present may

also become conjugated, thereby producing potentially undesirable products

(Reany et al., 1999).

5. Dietary sources of CLA

The major dietary sources of cLA are animal products, with meat

derived from ruminants containing more CLA than the meat derived from non-

ruminants (MacDonald, 2000). In humans, it is estimated that dairy products

contribute approximately 600/o of total dietary CLA, followed by beef at 32%o

(Shantha and Decker, 1993). Of the total CLA present in dairy products,T3o/o

to 93o/o is the biologically active c9,tll isomer, while 57%o to 85% ofthe total

CLA found in beef is the c9,tll isomer (Shantha and Decker, 1993; Shantha er

al, 1999; Thorsdotti r et al., 2004).

Among dairy products, cheese is the major source, contributing roughly

30o/o and 33Yo of total cLA intake in men and women, respectively (chin et

al., 1992). Among meat sources of cLA, veal has the least cLA at 2.7 mg

CLAIg fat (including intramuscular fat), while lamb has the highest amount of

CLA at 5.6 mg CLAIg fat. The content of CLA in fish and fish-derived food



products is negligible in relation to the cLA content of dairy products,

containing 0'l to 0.9 mglg fat in most common marine foods (Shantha and

Decker, 1993 McGuire et ar., rggg). while fatty acids with conjugated double

bonds do occur in many seed oils, cLA is not found in any of the vegetabre

oils commonly consumed by humans. However, smat amounts of cLA are

produced during the heating, bleaching and deodorisation associated with

refining processes, and the cLA concentration in vegetable oil can range from

0.6 to 0.9 mglg fat (Wahle et a\.,2004).

cLA content in milk varies with the type of feed given to cows and also

varies with season, with spring grasses producing higher ruminant revers of
CLA (Ha et al-, 1987). Processing conditions also influence CLA content of
dairy foods (scimeca r99g; Shantha et ar., r999;Thorsdotti r et ar.,2004); for

instance, aged cheesgs have lower amounts of cLA than cheeses with a shorter

ripening time (Chin et al., 1gg2). In processed cheeses, higher processing

temperatures, the addition of sodium caseinate, use of hydrogen donors

(butylated hydroxytoluene, propyl gallate or ascorbic acid), as well as the

addition of whey powder, non-fat dry milk or iron all serve to increase cLA
content (Shantha et ar., 1999). on the other hand, storage or processing of
dairy products such as low-fat and regular-fat yogurt, row-fat and regurar_fat

ice cream, sour cream or cheeses at row temperafures do not produce any

change in cLA content (pariza et ar., IgTg). According to Ha et at (Igg7),

grilling beef can increase cLA content by about four-fold. conversery,



Shantha et al (1999) reported that cooking did not increase the CLA content of

beef; they suggested instead that CLA is stable and therefore not destroyed by

cooking or storage. Table I (non-exhaustive list) shows the CLA content of

various foods.



Table 1: conjugated rinoreic acid content of various foodsr

Dairy products

Homogenized milk

2% milk

Butter fat

Condensed milk

Cultured butter milk

Butter

Sour cream

Ice cream

Low-fat yogurt

Medium Cheddar

American processed

Meats/Fish

Fresh ground beef

Veal

Lamb

Pork

Chicken

Fresh ground turkey

Salmon

Egg yolk

Vegetable Oil

Safflower oil

mglg fat

5.5

4.1

6.1

7.0

5.4

4.7

4.6

3.6

4.4

4.1

5.0

mglgfat

4.3

2.7

s.8

0.6

0.9

2.6

0.3

0.6

0.7

Adapted from Chin 
"t "t 

(lgD

t0



6. CLA intakes in humans

Methodologies used to estimate daily intake of cLA in human

populations range from large dietary surveys to more detailed dietary

assessments of small population sub-groups (Fritsche et al., lggg). various

quantification tools employed in these assessments include the use of

disappearance data, dietary recalls, food frequency questionnaires, weighed

food records and biochemical analysis of food duplicates. However, all of
these techniques have inherent rimitations. According to a study done on

college-aged students in the United States (Ritzenthaler et a:.,2001),total CLA

intake estimated using 3d food duplicates was found to be 2r2 * 14 andr5r +

14 mg/d for men and women, respectively, while intake of RA was estimated

to be 193 + 13 mg/d for men and 140 + 14 mgldfor women. In another study,

typical human consumptio¡r of CLA estimated from 3d written dietary records

was reported as 139 mg/d, in young men and wornen (Jiang et ar., rggg).

CLA intakes in other countries appear to be comparable to that of the

U'S' population. As estimated by 7d weighed dietary records and 24hrecalls

(Salminen et al-, 1998), mean CLA intake in older Swedish men was 160

ng/d' According to a national consumption suryey of the German population

(Ritzenthaler et ù., zoot¡, German men consumed approximately 430 mg

RA/d and women consumed 350 mg RA/d. It is interesting to note that these

estimated intakes are approximately twice those for the u.S. population. Given

that the average German consumes l0% rnore energy from fats than does the

lt



average American, the higher level of CLA intake in the German population

becomes plausible (Ritzenthaler et al., 2001).

Average c9,t71 linoleic acid intake estimated by 7d diet records in a

small group of young Canadians (Ens er a1.,2001) was determined to be 94.9 +

40'6 mgld. but ranged between l5-174 mgld.Intake of the c9,tll isorner of

CLA, when expressed as mg CLA per unit of energy consumed signifìcantly

correlated with the intake of saturated fat (=0.62, p<0.002), but not with

intake of total fat (r:0.39, p<0.0g).

According to animal studies, consumption of a diet containing as little

as 0'l g clAll00 g dry weight is sufficient to significantly reduce

tumorigenesis, delay atherosclerosis and increase HDL-cholesterol

concentrations (Rudel, 1999).lf this were extrapolated to humans, RA intake

' ryould have to be 620 mgrday for men and 44r mgrday for women in order to

attain cancer protective properties and exert an anti-atherosclerotic effect.

Nonetheless, existing literature suggests that current as well as chronic total

intakes of cLA and RA in men and women do not exceed 500 mg/day. It is

important to note, however, that the average estimated intake of CLA probably

does not reflect the total CLA available to an individual because of endogenous

conversion of vA in dairy products to CLA via the delta-9 desaturase enz)¡me

(santora et a1.,2000). In fact, it has been estimated that close to 20%o of
ingested vA is converted to cLA in humans (Turpeinin et ar.,2002). This

would increase the amount of cLA available to people consuming ax average
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North American diet (with cLA intake estimate d at 400-600 mg/d) to befween

600 and 800 mg/d (Santora et a1.,2000).

Due to lack of and inconsistency in experimental hum an data,as well as

the wide variety of effects reported in animal models, it wourd be prudent to

await further cLA research before increasing cLA intake to therapeutic levels

in healthy humans.

7. Safety of CLA isomers

Safety of a substance, whether a food ingredient or a dietary

supplement' is of utmost importance, regardless of whether it has been found to

be physiologicalry effective. The safety of cLA has been evaruated in a

number of animar toxicorogic studies (pariza,2004). one such study invorved

a 36'week feeding triar of Fischer 344 rats (scimeca, r99g), in which the rats

were fed either a control diet or a diet supplemented with r.5o/o (wlw) cLA
mixture' The amount of cLA consumed by the rats in this study was gg-fold

greater than the estimated 50'h percentile of daily cLA intake for teenaged

American boys, and SO-fold greater than the estimated 90'h percentile of daily

cLA intake for teenaged American boys. No adverse effects were observed in

terms of food disappearance, body weights, cage_side examinations, or

hematologic and histopathorogic analyses done on r5 major organs. In a 90d

oral rat toxicity study, o'Hagan and Menzel (2003) performed a variety of í,
vitro genotoxicity studies typical for assessment of food ingredient safety using
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a coûtmercial CLA preparation (c9,tl|:tl'0,cl2, l:l). They concluded that the

"t'to observed adverse ffiu revers" of cLA for mare and female rats were

2,433 and 2,728 rng/kg body weighld, respectively.

A number of hurnan sfudies have been conducted with high quarity

cLA preparations, consisting almost entirely (>gl%)of the 2 most biologically

active isomers, c9,trr and tr},cr2, in approximatery equar amounts (_ 45% of
each)' In numerous human sfudies, when - g}%pure cLA was administered at

3-6 gld, no adverse effects were observed (Kamphius et ar.,2**3;Kamphius er

a|.,2003; Kelley and Ericks on,2003;Larsen et a1.,2003).

Nonetheless, there st'r remain concerns regarding the safety of cLA
isomers given the induction of fatty liver, insulin resistance, and lipodystrophy

observed in mice fed with clA-suppremented diets (praa et ar., I9g6;Riserus

et a|.,2002; Larsen et ar., 2003). In human triars, enhanced c_reactive protein,

Iipid peroxidation, unfavourable changes in serum lipids in obese individuals,

and reduced milk fat during lactation have emerged as safety concems (Riserus

et a|.,2002).

Hamsters and femare rats fed diets suppremented with I5%o (wrw) cLA
also exhibit enlarged livers, but this enlargement has been reported to be liver
hypertrophy as opposed to fat accumulation (o,Hagan and Menzer, 2003). It
should be noted that toxicologists consider neither fatty liver nor liver
hypertrophy to be toxic effects (Larsen et ar., 2003). Moreover, the liver
hypertrophy observed in female rats fed a diet supprernented with 15% (w/w)
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cLA was completely reversible when the animals were switched to a cLA
free diet (O'Hagan and Menzel, 2003).

Concerns about elevations in oxidative stress and unfavourable changes

in blood lipids also exist. one study (Risérus et al., 2002) investigated the

effects of cLA supprementation (3.4 g cLA/d) in men with rnetabolic

syndrome. This study compared a typical high quality cLA preparation

consisting of equal amounts of c9,tfi and trl,cr2 cLA (35.4o/o and 35.go/o,

respectively), with a supplement that was enriched for tll,c\z CLA (76.5%)

but contained very rittre c9,tr1 cLA (2.g%). Increased lipid peroxidation

(based on measurement of urinary g-iso-prostagrandin F(2o) and r5_keto_

dihydro-prostaglandin F(2o) as markers of in vivo oxidative stress and

inflammation, respectively), enhanced C-reactive protein in serufir, and

elevated very fory density lipoprotein (VLDL) coupred with reduced high

density lipoprotein (HDL) were signifìcant relative to placebo for the patients

taking t10,cl2 cLA supplements. These parameters were reduced in patients

taking the typically commercialry avairable cLA (mixed isomer) supplement

relative to placebo. Hence it was concluded from this study that tr¡,cr2 cLA
could enhance inflammation and the risk of cardiovascurar disease.

However, other studies have demonstrated that cLA reduces

inflammation. For instance, pigs supplemented with 2o/o (,u/w) mixed isomer

cLA (43.3Yo c9,tll and 40.gryo tr},crz cLA) and subsequentry exposed ro

pro-inflammatory lipopolysaccharide exhibited decreased levels of the
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cytokines interreukin-6 (rL-6) and tumor necrosis factor_o (TNF_') (changhua

et al' 2005)' sirnilar findings have been reported in earlier studies. Akohashi

et al (2002) reported deceased serum TNF-' revels in mice fed a diet

supplemented with r% (w/w) mixed isomer cLA. Turek et ar (199g)

supplemented the diet of mare Sprague-Dawley rats with r % (w/w) mixed

isomer cLA' These researchers found decreased levels of prostaglandin E2

(PGE2) as well as significantly lower levels of the pro-inflammatory cytokines

TNF, IL-1 and IL-6 compared to control.

It is arso documented that tr),cr2 cLA reduces milk fat. This has been

concluded from studies in cows and lactating women (Master s et ar., 2002;

Park et al-, 1999; petersen et at., 2003), and may mean that less energy is

availabre for the nursing infant. However, in a study with rats, the pups nursing

dams fed clA-suppremented diet actuaily grew to a rarger size (chin et ar.,

1994).

In reviewing the pubrished cLA riterature, it is apparent that a number

of valid safety concerns remain in regard to cLA intake. clearry, more

extensive research is needed so that the benefits of cLA intake can be more

knowledgably weighed against the risks.

8' Absorption, metabolism and tissue incorporation of cLA
The metabolism an'd tissue incorporation of cLA has been characterized

in rats' and it is believed that not only is this process similar to the metabolism
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of other long-chain fatty acids, it is also similar in other species, including

humans (Banni et al-, 2004). one possibility for CLA's distinct actions in

biological systems (i'e. c9,tll and t70,c72 isomers) may be that it is active at a

metabolic level' This may be possible since CLA's conjugated diene structure

gives its isomers and their metabolites a distinct pattern of incorporation into

the lipid fraction. Several mechanisms of action have been proposed for the

two main cLA isomers, although there is not as yet consensus on these

mechanisms, since the c9,tll and tl},cl2 isomers have different biological

activities depending on the experimental system. one possibility for the

distinct actions of CLA isomers at the level of absorption/metabolism may be

explained by the fact that CLA appears to undergo similar transformations as

LA and other PUFA (i.e. omega 3 [n-3], omega 6 [n-6] and ornega 9 [n-9]

PUFA), but with subtre isomer differences (Banni, 2002). For instance,

metabolism of dietary CLA appears to be less efficient, as evidenced by the

accumulation of CLA itself, rather than its derivatives, in various tissues

(Banni et al., 1995; sebedio et al., lgg.'). Nonetheless, one mechanism by

which CLA exerts different biological actions may be related, at least in part,

to its metabolic fate and subsequent perturbation of fatty acid metabolisr¡

(Banni et a1.,2001).

In rats, dietary CLA is transported from the intestine in chylomicrons,

similar to other long chain dietary fatty acids (Sugano et al., 1997);however,

the release of CLA from chylomicrons for tissue incorporation has been
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reported to be rower than that of its parent fatty acid, LA (sugano et at., 1gg7).

In fact, the absorption rates of individual CLA isomers differ, with more trans-

trans than cis-trans and trans-cis isomers detected in chylomicrons (Sugano er

al', 1997)' The distribution of these isomers in the three stereospecific

positions of TG molecules also differs, with trans-cis and cis-trarzs isomers

incorporated equaily into ail three positions (i.e. sn-1, sn-2 and sn-3) of the TG

molecule, and trans-trans isomers incorporated preferentially into the sn- I and

sn-3 positions (Sugano et al.,lgg7).

Further, the cornposition of cLA isomers differs among tissues; for

instance, one study showed that trans-trans isomers accumulated significantly

in adipose tissues, but not at all in brain tissues of rats fed CLA (Fa et al.,

2005)' The distribution of CLA in various lipid fractions also differs, where all

cLA isomers appear in triglyceride (neutral lipid) but only cer-tain isomers

appear in specific tissue phospholipids (i.e. onry the c9,trr cLA isorner is

found in liver phospholipids) (sugano et ar., 1997; Kramer et ar., r99g). In
humans, CLA has been identified in a number of tissues, including blood, bile,

adipose tissue, mammary tissue and in human breast milk (caw ood. et al.,

1983; Iverson et al., r9B4 Harrison et ar.,19g5; yurawesc z et ar.,l99g).

Following incorporation into chylomicrons, cLA (as with other

PUFAs), enters the circuration, and consequentry undergoes celrular uptake

similar to other long-chain polyunsaturated fatty acids (LCpuFA).

Triglycerides are hydrolyzed by lipoprotein lipase, enabling free fatty acids to

r8



enter cells through membrane-associated fatty acid transporters (Hui and

Bemlohr' 1997)' At least five plasrna membrane proteins have been identified

as potenti ar fatty acid transpofters, incruding a) fatty acid binding protein

(FABP); b) fatty acid rransrocase; c) caveolin; d) 56_kDa kidney fatty acid

binding protein; and e) fatty acid transport protein (Jump and crark e, 1999).

More specifically, evidence now exists for a saturable transporter for LcpuFA
in several tissues, including the heart (Hirsch et ar., I99g; Kalant and

cianflone, 2004)' Several proteins have been identified as candidates for
rnediating fatty acid uptake in cardiac tissue, including cD36 fatty acid

transporter, caveorin, and fatty acid transporl proteins (Karant and cianflone,

2004).

once in the cet, most fany acids (and presumabry cLA) are

qgncovalentry bound to proteins (i.e. FABp) (Gossett et ar., 1996). A requisite

step for fatty acid entry into several metabolic pathways is the formation of
fatty acyl-coA thioesters (FA-coA), which are cataryzed by FA_coA

synthetases' six such synthetases have so far been identified (coleman et al.,

2000)' several FA-coA synrhetase subtypes dispray fatty acid chain length

specificity (Jump and Clarke, 1999), and the products of these enzymes are

sequestered through binding to acyl-coA binding proteins (Gosset et ar.,

1996)' These fatty acid coA binding proteins exist within both the cyrosol and

the nucleus (Borderwick et ar., r9g9; DuB ois et ar., r99g), suggesting that

fatty acids or FA-coA may be in the nucleus and serve as rigands capabre of
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regulating the activity of specific transcription factors (Jump and clarke,

1999)' The total intracellular FA-coA level is highly variable and depends on

the cell in question (i.e. in the river, FA-coA revers range from ¡,000_ r5,200

runol/g wet weight tissue, and in the heart, revers range from r0_70 nmor rgwet
weight tissue) (Brugengraber et al., 7978; DuB ois et al., l99s). Note that,

although the intracellular concentration of fatty acid and FA-coA that is not

bound to protein is row (i.e. <r0 pM), it is the fatty acid or FA_coA in this

fraction that likely seryes as regulatory ligands for specifìc transcription factors

(DuBois et al.,l99g).

Fatty acids (i.e. as FA-CoAs) may alternately be channeled to various

other fates. They can be incorporated into comprex lipids such as TG and

phospholipids, or they may undergo metaboric conversion by erongation,

-desaturation and oxidation (Brugengr aber et ar., I97g; McGarry and Foster,

1980; Neat e/ at-, r9B0;Nilsson et ar., r9g6; Fratmark et ar.,r9gg; Fitzpatrick

and Murphy, 1989; Karara et ar., r9g9; oriw, r994;Goetzl et ar., r995;Jump

et al', 1996; Luthria et ar., 1996; Makita et ar., r996;DuBois et ar., r99s).

one rnajor route for fatty acid metaborism (including cLA) is through

oxidation in mitochondria and peroxisomes (McGarry and Foster, I9g0; Reddy

and Mannaerts, rg94). As will be discussed in a later section, these

metabolites in turn can have profound effects on gene regulation and celr_

signaling pathways.
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As mentioned, CLA and CLA metabolites differ from their parent LA

by distinct patterns of incorporation into tissues (Banni et ctl., 200I). For

instance, whereas LA and its metabolites are mainly incorporated into

phospholipids, CLA isomers are mainly incorporated into neutral lipids (Banni

et al', 2001)' It is known that an increasing nurnber of c¿s bonds favour

' incorporation of PUFA into phospholipids rather than neutral lipids, and jt is
Iikely that the presence of a conjugated diene structure drives the preferential

incorporation of cLA into neutral lipids (Banni et al., 2004). In mice fed

dietary CLA, isomers were incorporated more readily into neutral lipids than

into phospholipids, although the neutral lipid CLA disappeared more rapidly

than phospholipid CLA when supplementation was discontinued (Ha et al.,

1990)' In another study, researchers fed rnice differing levels of CLA for 6

weeks (Belury and Kempa-Steczko, rggT). They reported that dietary cLA

was incorporated into liver lipids by displacement of LA and arachidonic acid

(AA)' Further, the effect of dietary cLA on the level of these n-6 puFA was

lnore marked in neutral lipids than it was in phospholipids. These researchers

concluded that CLA affects metabolic conversion of fatty acids in the liver,

and eventually results in modification of the n-6 composition of phospholipids.

An in vitro study compared the incorporation of cLA with that of LA

and AA into HEL-30 murine keratinocyte cells (Liu and Belury l99g). The

researchers reported that approximately 50o/o of LA and AA and onry 30o/o of

CLA were incorporated into the phospholipid phosphatidylcholine of these
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cells, with more cLA incorporated into phosphatidylserine,

phosphatidylinositol and phosphatidylethanolamine, indicating that cLA was

incorporated into phospholipids in a sìgnificantly different manner than either

LA or AA. Given that phospholipids pray a key rore in ceil membrane

structure and function, it is possible that cLA exerts at least some of its

biological effects through its effect on the n-6 fatty acid composition of
phospholipids. Berury and Kempo-steczko (rgg7) posrurated that cLA rnay

be desaturated to an l8:3 product, similar to the conversion of its parent fatty

acid to y-linolenic acid. In this way, cLA may compete with LA as a substrate

for delta-6 desaturase and thereby inhibit the desaturation of other n-6 fatty

acids.

The presence of CLA metabolites in tissues of rats fed partially

hydrogenated vegetable oil was first reported by Banni and associates over a

decade ago (Banni et al., 1995). More recent studies have demonstrated that

conjugated metabolites of cLA (i.e. conjugated dienes 16:2, Ig:3, 20:2, 20:3

and 20:4) are present in tissues of animals fed cLA, as well as in cultured cells

treated with cLA. The cLA metabolites reportedry originate from the

elongation, desaturation and peroxisomal or mitochondrial p-oxidation of CLA
(Sebedio et a1.,200r; Banni et ar.,2004; puk et ar.,2005). Although much

research remains to be done to fully elucidate the potential biological role of
these CLA metabolites in vivo,it is possible that the various effects observed to
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date with CLA may be mediated

conjugated metabolites.

not only by CLA itself, but also by its

9. Biological effects of CLA

a. General considerations

The first and most obvious role of fat and fatty acids is as an essential

nutrient, as weil as an idear storage fonn of energy (sarnpath and Ntambi,

2005)' At the cellular level, fatty acids form an essential part of the cell

mertbrane phospholipid bilayer, and serve as precursors to signaling molecules

such as steroids and prostaglandins (pariza et a|.,2000; sampath and Ntambi,

2005)' Apart from these well-established roles for fatty acids, however, it has

become increasingry crear that puFAs, incruding cLA, can specificary and

' . rapidly effect changes in cellular metabolism, differentiation and growth

through alterations in gene expression patterns (Sampath and Ntarnb i,2005).

CLA has often been treated as a compound whose benefÌcial effects are

not directly linked to its fatty acid nature. Indeed, early research regarding

cLA's mechanisms of action hypothesized antioxidant activity to be the basis

of its reported beneficial health effects, although this has since been refuted

(van den Berg et ar., 1995; carta et ar.,2002). subsequentry, the discovery

that cLA can be elongated and desaturated as a regul ar fatty acid elicited the

theory that the activity of cLA may be rerated to its properties as an

unsaturated fatty acid (Baruri et a\.,1995).



It is also becoming increasingly evident that the different CLA isomers,

for instance, c9,t71 CLA and' tl},cl2 CLA, rnight have different actions and

effects in biological systerns, and also react differently to biological and

physiological conditions and stimuli (pariza et ar.,2000; Khosla and Fungwe,

2001). Note that, although our study focuses on cardiac effects of CLA, the

evidence cited below comes from studies of various disease states; as

mentioned, virhrally nothing is presently known regarding CLA's effects in

terms of cardiac function. It is conceivable, however, that the differences in

isomer actions and effects observed in current studies may also be applicable to

the heart. In anirnal studies, CLA is usually given as a 50:50 mixture of the

two main cLA isorners, namely c9,t11 and tl},cl2 cLA, although in natural

food sources the c9,tl| isomer predominates over the rl 0,c12 isomer by a ratio

of 30-70:l (Parodi, 1997). However, the effects of the individual isomers both

in vitro and in vivo can vary dram atically (Miller et al., 1994; park et al., 1997;

Parodi, 1997; McGuire et a1.,r999; parodi, 2003). For instance, research has

shown that different CLA isomers exert opposite effects on gene expression

(Majumder et al-,2002;Palombo et ar.,2002;ochoa et ør.,2004).

Just as current studies have indicated that different CLA isomers may

have different actions under the sarne biological conditions, current literature

also suggests that the effects observed may also be influenced by the animal

species used (Azain et a1.,2000; Keim, 2003), and differences in effects have
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also been observed in humans (Atkinson, 1999; Blankson et ar., 2000;

Smedman and Vessb y, 2001 ; Thorn et a1.,2001 ).

Clearly, in order to understand the beneficial/detrimental effects specific

to each individual isomer, it is irnportant to investigate how these isomers

differ in their actions in a biological system. Fufther, it has become evident

that the effects of CLA rnay be species-dependent, and this must also be taken

into consideration when interpreting the results of animal research trials and

extrapolating these results to humans.

Although CLA isomers have been reported to exhibit antioxidant

properties (Yu 2001; Kim et al-,2004), to have anticarcinogenic effects via

induction of apoptosis and cytotoxic activity (chujo et ar.,2lL3;yamasaki er

al., 2003; song et ar., 2004), to modurate fatty acid composition (Li and
'watkins, 

1998; Noone et ar.,2002), enhance imrnune function (Song et ar.,

2005), alleviate hyperinsulinemia (Nagao et a1.,2003), and to reduce body fat

in animals (Terpstra, 2004) and possibry humans (Terpstra, 2004),as weil as

affect the expression of cytokines and growth factors (cho et ar.,2003,Kim et

al., 2003; Luongo et ar., 2003), there is as yet very rimited information

available on the impact of cLA isomers or mixtures on specific cardiac cellular

mechanisms' This detailed baseline information is crucial for the assessment of
any future therapeutic applications as well as for establishment of potential

risks and benefits of cLA isomers on heart function during different

pathophysiological conditions.
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since the present research project examines specifically the effect(s) of
dietary cLA on cardiac gene expression, the innumerabre other

physiological/biological effects of cLA will not be futher explored. Instead,

the following sections (b. through e.) discuss the possible role of cLA in

cardiovascular function.

b. CLA and atherosclerosis

cardiovascular disease is regarded as a complex disease with strong

Iipid metabolic and inflarnmatory components that are targeted on the vascular

endothelium (wahle and Rotondo, Iggg). Arthough there are no

epidemiological studies demonstrating the effect of CLA on the prevention of
atherosclerosis, anirnar studies have suggested that cLA supprernentation

decreases the development of early atherosclerotic lesions (Kritchevsky et al.,

2000;Lee et al',1994). studies published to dare have used a mixture of cLA
isomers' and thus there is as yet no clear consensus on the possible effects of
specific cLA isomers on atherosclerosis (Kritchevsky et a:.,2ll¡;Kritchevsky

et al'' 2002)' Table 2 gives a non-exhaustive summary of animal studies that

have examined the effects of cLA on atherosclerosis. The next section

discusses direct cardiac effects of CLA.
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Table 2: summary of studies examining the effects of cLA onatherosclerosis I

Rabbit

R"bbtt

Hish far ( l+ø,u¡*),õ. I øìÃãffi
0.5 eCLNday

Decreased aortic
atherosclerosis

Lee et al.. 1994

High fat (t 4% w / w), 0. I %";h;GG-l
+ isomeric mixture of 40o/o c9,tIl CLA
and 40%o tl},cI2 CLA

Decreased aortic
atherosclerosis

Kritchevsky, 2000

Rabbit 0.2Yo chotesterol + c9,r1 ¡ þgÇJÇ¡¡
0.2o/o cholesterol + ¡19,¿12 CLA e1o/o
ptre); 0.2o/o cholesterol + isomeric
mixture of isomers, or, same CLA with

rcholesterol-free diet

Decreased severity of
existing atherosclerotic
lesions; inhibited
development of
atherogenesis

Kritchevsky er a/.,
2004

Hamster Chow-based hypercholeste.õGmi. d iet
supplemented with 20%o coconut oil.
2%o saffTower ol1, 0. | 2%o chol esterol
u191":I + 1o/o (w/w) cLA as free fauy
acid (FFA) or + Io/o (w/w) LA as FFA

CLA dier group
developed signifi cantly
Iess early aortic
atherosclerosis
compared to control or
LA diets

Vy'ilson et a|,2000

Hamster Chow-based hypercholeste.oG-i. di.t
with I0% coconur oil and 0.1%
cholesterol alone or + 0.5o/" (w/w)
c9,tll CLA or + 0.5%o (w/w) tt}i,ct2
CLA, or + 0-5 % (w/w) LA

c>,t r t LLl\ fended to
decrease atherosclerotic
lesions; t10,cl2 tended
to increase
atherosclerotic lesions

V/ilson et a1.,2006

Hamster High-fat, higtr-choleste.olãi"t øtt ìZ
(w/w) c9,tl I CLA; or lo/o (w/w)
tl0,c12 CLA; or t% (w/w) LA

Compared to LA group
both single isomer
groups showed non-
significant decrease in
fatty aortic streaks

Mitchell et a\.,2005

Mouse

Dirb.ti.
ApoE
deficient
Mouse

n(¡rsr uBcrltL; (]rel + ) g ULA/kg; Of +

? 1 
gke CLA + 2.5 stks LA; or 5 g/kg

LA

CLA increased the
development of aortic
fatty streaks

Munday et al., 1999

Semi-purified ai"t ruppl.-ent"a *itt,
0.9%' (wlw) c9,rl I CLA

c9,tll CLA failed to
reduce severity of
atherosclerotic Iesions

Nestel e¡ a\.,2006

ApoE
knockout
Mouse

Vy'estern-rype diet enric¡ããiithTÃ-
(control); with 1.0% (w/w) c9,lt I
CLA; or with 1.0% (u,/iv) rt 0.ct2 CLA

tusfive lict

tl0,cl¿ CLA promoted
atherosclerosis; c9,r I I
did not

Arbones-Mainar et
a|.,2006

Non-exha st
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c. Direct cardiac effects of CLA

As mentioned, sorne studies have shown that cLA can exert

cardiovascular benefits tll'ough its hypolipidernic and antiatherosclerotic

effects (Rudel, 1999; Khosra and Fungw e, 200r; Toomey et ar., 2003). A

blood pressure lowering effect of t|0,c12 in obese rats (Inoue et a:.,2004) and

in spontaneously hypertensive rats (Nagao et a\.,2003) has also been reported.

In addition, CLA has been reported to depress the intracellular Ca2*

concentration (fca2*] i) in neonatal cardiornyocytes (Xiao et ar., rggT).

Intensive research has shown that diets rich in n-3 puFAs such as

eicosapentanoic acid and docosahexanoic acid are associated with decreased

incidence and severity of coronary heart disease (Vanden Heuvel, 2004).It has

also become evident from animal studies that CLA has effects on risk factors

for coronary heart disease that reselnble those of n-3 puFAs (Vanden Heuvel,

2004)' It has been postulated that cognate receptors must exist that

preferentially respond to a particular structure of fatty acid, and that these

specific "lipid sensors" affect gene expression in a tissue-specific, sex-specific,

and developmentally-specific manler, thereby affecting the development of

coronary heart disease by altering enzymes and proteins involved in the

transport or metabolism of cholesterol and fatty acids (Vanden Heuvel, 2004).

one possible farnily of proteins that may act as lipid sensors are the

nuclear receptors, a "superfamily" of receptors that act as intracellular

transcription factors that directly regulate gene expression in response to



lipophilic molecules (wahli and Martinez, r99l; McDonne ll et ar., 1993;

weathennan d ar-, 1999; Honkakoski and Negishi, 2000; Kahn and vanden

Heuvel, 2003)' A number of nuclear receptors have evolved to respond to

dietary lipids, including the peroxisome proliferator activated-receptor

(PPAR), and the retinoid X receptor (RXR), borh of which are active in cardiac

tissue (clarke and Jump, 1996; Kahn and Vanden Heuver, 2003). The ppARs

are ligand-activated transcription factors involved in gene expression in a

tissue-sex- and species-dependent manner (Hihi et ar.,2002;Kah¡ and vanden

Heuvel, 2003). More specificaily, ppARs regurate the expression of genes

involved in fatty acid uptake and oxidation, lipid metabolism, *d
inflammation (Kersten et at., 2000). Three different isoforms of ppAR have

been identified, namery ppARs, ppARB, and ppARy, and ail th¡ee are encoded

by different genes (vanden Heuvel, 2004). ppARo is expressed mainly in
tissues that have a high lever of catabolisrn, such as liver, kidney, skeletal

muscle and heart tissue (Braissanr et al., 1996). ppARB is ubiquitously

expressed' whereas PPARy expression is limited primarily to white and brown

adpose tissue, with limited amounts found in skeletal and heart tissue

(Braissant et al-, 1996). It has been demonsrrated that ppARB is the

predorninant PPAR isoform in cardiac cells, and is the primary ppAR

responsible for reguration of cardiac lipid rnetaborism (Gilde et ar., 2003).

Furlhermore, fatty acids have been shown to act as endogenous ligands for

PPARP in the context of cardiac muscle (Gilde et ar.,2003). It has arso been



shown that all th¡ee PPAR subtypes, when activated. are able to inhibit cardiac

hypertrophy (Yamamoto et a1.,2001; Asakawa et ar.,2002; planavila et ar.,

200s).

All three PPAR isoforms function by forrning heterodimers with RXR

and binding to a prescribed DNA sequence, known as the ppAR response

element (PPRE) (Desvergne and Wahli, lggg). The ppRE cornprises direct

repeat sequences separated by a single nucleotide spacer

(AGGTCA-AGGTCA), and the binding of the PPAR/RXR hererodimer to the

PPRE affects rransc.iption of the target gene (Ijpenberg et al., 1997). rn

general, all of the n-3 and n-6 fatty acids activate the three ppAR isoforms

(Sarnpath and Ntambi, 2004); however, their affìnities for the receptor vary,

which suggests a role for site-specific availability and metabolism of particular

fatty acids, and differences in their affinity for specific ppAR subtypes

(Sampath and Ntamb i, 2004).

with regard to cLA, the c9,tH cLA isomer is a potent ppARo rigand

(vanden Heuvel, 2004). ppARs affects ppAR-responsive enzymes, including

acyl-coA oxidase (Moya-camarena et ar., rggg), and contrors tipid transport

proteins such as FABP and acyl-coA binding protein (ACBP), both active in

cardiac cells, as well as affecting genes involved in fatty acid transport (Escher

and wahli, 2000 Kirsten et ar., 2000). Additionaily, cLA isomers,

particularly c9,tll and t10,c12, are ligands for ppARy, which is found in

vascular cells (willson and wahli, 1997; claudel et a1.,2001). It has been



shown that activated PPARy has an inhibitory effect on vascular cell adhesion

molecules and intercellular adhesion molecules (Pasceri et al., 2000), inhibits

the migration of vascurar smooth muscre celrs (Marx et ar., r99g), and also

inhibits monocyte/macrophage homing to atlierosclerotic plaques (pasceri er

a1.,2000). As a ligand for ppARy, cLA rnay pray a rore in preventing the

development of risk factors for heart disease. cLA isorners are also activators

of PPARB, which, as mentioned, plays a role in cardiac lipid metabolism

(Moya-Camarena et a\.,1999; Gilde et a\.,2003).

Retinoid X receptors also exist in the three subtypes o, B, and y; RXR'

and P are ubiquitously distributed, while RXRy is expressed in specific organs,

including the heart (Vanden Heuvel, 2004). The c9,tll CLA isomer has been

shown to be the most potent activator of RXRo,, and research has demonstrated

that activated RXR is capable of reducing atherosclerosis in apolipoprotein E

knockout mice (Clau del et a1.,2001).

d. CLA effects on cardiac hemodynamics

Hemodynamics refers to the forces that affect the circulation of blood

throughout the body (Hebra et al., 2006). By extension then, cardiac

hemodynamics refers to the forces within the heart that affect blood

circulation. This is, of course, a sirnpristic definition, and cardiac

hemodynarnic function requires a more thorough explanation.
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Generally, in the absence of valvular disease, left ventricular (LV)

pressures obtained during cardiac catheterization are rarely used for more than

rreasurement of peak systolic and end-diastolic pressures (Eucker et a1.,2001).

In pathophysiological studies, however, assessment of systolic and diastolic

function may also be perfonned on the basis of the hemodynamic waveform.

Usually, hemodynarnic assessment involves the measurernent of selected

points on the LV pressure (P) versus time (t) contour, and/or its derivative,

dP/dt, where dP/dt denotes the time derivative of pressure (i.e. a change in

pressure with respect to tirne) (Euker sA et ar, 2001). such selected

rneasurements often incrude maximurn LV systolic pressure (sp), LV end_

diastolic pressure (LVEDP), and peak positive dp/dt (+dp/dt,,"), and peak

negative dP/dt (-dP/dt,,i"), as well as lnean arterial pressure (MAp), which is

the average pressure within an artery over a complete cycle of one heartbeat

(Recordati, 1999). The physiological and clinicar significance of these

parameters is well-established, and they are widely used in both clinical and

research settings (Zile and Brutsaert, 2002). It should be noted that several of
these hemodynamic measurements are rerated; for instance, sp and +dlp7¿1ru*

are measures of LV inotropic perfonnance, where +dp/dtru,, signifies the point

along the LV pressure versus time curve where maximum pressure

(inotropic/systolic) is achieved, and -dp/dt,¡n signifies the point along the same

curve where minimum lusitropic pressure (relaxation) is achieved. Diastolic
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pressure (DP) is also associated with the lusitropic LV effect, as it is the

pressure measured in the LV during cardiac reraxation (diastore).

our previous study on cLA has provided some interesting data

regarding the effects of cLA supplementation on the cardiac hemodlmamic

function of rats (Tappia et ar.,2006). In this study, sprague Dawrey rats (30

male and 30 female) were randomized at 3 weeks of age to receive I of 5 diets

between 4 and 20 weeks of age. The diets included a rnodifìed AIN-93G

control diet and four treatment diets, consisting of the AIN-93G diet with

either single isomer (i.e. c9,tfi or rl 0,cr2 cLA) in fatty acid fonn or mixed

isomer cLA (i'e' 50/50 mixture c9,tll and rl 0,c12 isorners) in fatfy acid or

triglyceride form' The cLA isomers were obtained from Lipid Nutrition, a

division of Loders crokklan (channahon, rL, usA). Details of diet

fonnulations are listed in Tabre 4 in the Materiars and Methods Section.

In our previous study, foilowing dietary treatment, LV function was

assessed in the cLA fed rats by the in vivo catheterization technique (cheema

et al., 2005). Measurements for heaft rate, Sp, Dp, MAp, left ventricular

systolic pressure (LVSP), LVED', *dp/dt,u*, and _dp/dt¡¡n w€Íe recorded.

Hemodynamic data were computed and disprayed using AcqKnowredge

software version 3.7.r (Mp Systern "euick stalt,,, Biopac systern Inc., Goreta,

cA, usA). Microcal origin version 7.5 (origin Lab corp., Northampton, MA,

USA) was used for statistical analysis of the data. The differences between all

dietary groups and gender were evaruated by two-way anarysis of variance
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(ANovA) followed by Tukey post-hoc rnultiple comparison tests. A
probability of 95o/o or more (p<0.05) was considered significant.

As expected, there was a difference in body weight between male and

fernale rats, but no signifìcant differences in body weight due to dietary

treatment were obserued within gender groups. No differences were seen in

heart weight, or in the weight of the right and left ventricle or the atria,

indicating that no hypertrophic response had occurred as a result of l6 weeks

of dietary CLA treatment. The hemodynarnic results of this study are

summarized in Table 3.
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Table 3: Summary of changes in hemodynamic
female rats supplemented with CLA isomers or
weeks

measurements of male and
mixtures of isomers for l6

Female Male Female nf 
"l"HR - 9'/, + 7o/o - 6. )"r _ gr/, ¡i(- _7o/, ¡J(.

SP - l5o/o - l\yo +24o :ii _ lsyo _ tZy" lj( . ¡ìo
DP \(' )ì(. ìir + 160/0 \( _ lgo/o li(. i\o
MAP ì\í - g"/" - lg,/o ¡*( ' - rgo/o - lgo/" _ l4o/" \( ,

LVSP - l4y" ,'i{.' + 9'/' ì\.i' - l7o/, - rr"/" - rso/, - fiyo
LVEDP \( . ä( ' N{ , \( N( ' \(. n*( 

, + styo+dP/dt.", -l6yo -14'/" -{( -lS,/. -2g% _gyo _l|o/o _23,/,
-dP/dt.", N(' \-¡.. +3s,/, \{ ì \í. .\( ì \(. _ aooL

Male
- 9"/r

- 15,/.

ì\(
- l4y.
\(.

- l6yo

\i'('
rAbbreviationst

ii:::j'::Hj tTI 
-:,].0 

ylntricular svstolic presru'"; lvsopl teft venrricutar end diastolic
Pressure; +dP/dt',* : p:f positive LV pressure; -àp/dtn,u"': peak negative LV pressure.' Percentages (+/-) indicaie change in nemoayna,r,ir -eusurement compared to same-gendercontrol. NC : No change (<5%). (Adapred from Tappia et at.,200t6)
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Since these datahave been described in detail previously (Tappia et al,

2006), for the purposes of this discussion, only a few highrights will be

mentioned' As can be seen in Table 3, there are some notable hemodynamic

changes' In all groups of male rats, heart rate decreased. This is a desirable

change if contractility parameters (i.e. Sp, LVSP, and/or +dp/dt."*) also

increase, as the cornbination of decreased heart rate and increased contractility

denotes a positive inotropic effect, rnost likely due to increase d, Ca2n available

to the cardiac contractile machinery (cotton et a1.,2001). This was observed

in rnale rats fed the tl},cl2 cLA isomer diet. In contrast, the c9,tll. FA, and

TG mixtures decreased heart rate as well as all inotropic parameters in male

rats, demonstrating decreased contractirity, possibry due to decreased

availability of caz* ' In female rats, the cg,tll cLA diet produced an increase in

healt rate and a decrease in contractile parameters, which rnay show that

contractile ability was decreased, causing the heart to work harder in order to

maintain cardiac output. while heart rate remained unchanged in the female

rats fed the cLA fatty acid mix, all inotropic parameters decreased, and it is
possible that heart rate would have to increase at some point to compensate for

decreasing cardiac contractility due to decreased cardiac Ca2* availability. of
final note are the effects of the cLA triglyceride mix in female rats, where

systolic parameters decreased (i.e. LVSp, +dp/dt,""), while diastolic

parameters increased (i.e. LVEDP, -dp/dt,u*). In this group, it is possibre that

as contractile performance decreased, the heart pumped ress brood out to the
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afteries with each contraction, Ieaving blood in the LV chamber (therefore

increasing LVEDP). It is conceivable that hearl rate would soon increase in an

attempt to maintain cardiac output. clearly, this earlier study suggests that

there are differences in digestion, absorption and tr"ansport of cLA isomers, as

the free fatty acid and triglycerol forms had different effects on the cardiac

responses observed through hemodl,namic measurement.

It should be noted that a number of previous studies have shown that

PUFA, including cLA, have effects on the contraction of cardiac myocytes,

indicating an effect on the excitability (automaticity) of rnyocytes (Billman er

al., 1994; Kang and Leaf, 1994; Kang et ar., r995;Mclennan and Da¡imore,

1995; Mclennan 2001). It has been shown that puFA can significantly reduce

the rate of contraction of neonatar cardiomyocytes without changing the

amplitude of contraction (Kang and Leaf, 1gg4). while this effect is strongesr

for the n-3 PUFA eicosahexapentanoic acid, it was also observed, although to a

smaller extent, with CLA (Kang and Leaf lg94).

It is also interesting to note that while several studies have shown

incorporation of cLA into myocardial membrane phosphoripids of
experimental animals fed different cLA isomers (Kramer et ar.,l99g; Alaisner

et al',2002; Yang et ar.,2003), other researchers have concruded that neither

incorporation of PUFA into the membrane phospholipid nor covalent linking

of cLA to membrane components is required for their action (Kang and Leaf,

1994)' These researchers also concluded that the free fatty acid is the form
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responsible for the changes observed in heart rate and rate of contraction

(+dP/dÐ (Kang and Leaf, 1994). It has been postulated that a decrease in the

excitability of the cells may result from: 1) elevation of the threshold to a more

positive membrane potential of the threshold; 2) an increase in the resting

potential (i'e' a more negative resting potential); or 3) a decrease in the rate of

depolatization of resting potential (Berne , 1gg3). It has been further postulated

that changes in the activity of Ca2*, Na* or K* charmels rnay be responsible for

the above effects (Beme, 1993).

It is clear that further work rnust be undertaken to elucidate the

mechanisms of action of cLA isomers on heart function as well as to

determine possible gender differences in response to CLA supplementation.

Such an investigation should measure the effect of CLA isomer incorporation

into the cardiomyocyte SR membrane on the expression of genes that regulate

calcium handling in cardiomyocytes, and thus identify possible effects on the

cardiac calcium excitation pathways, and ultimately, cardiac contractile

perfotmance' In this regard, it is conceivable that the incorporation of CLA

isomers as well as their metaborites into the sR membrane could be

accompanied by changes in the expression of the genes responsible for calcium

uptake and release frorn cardiomyocytes, thereby producing the hemodynamic

changes observed in ourprevious study.
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e' Fatty acid reguration of mammarian gene expression: a possibre

explanation for the effect of cLA on cardiac hemodynamic

function

one of the fìrst repofts regarding the role of polyunsaturated fatty acids

in the regulation of marunarian gene expression came in the mid_1960s, when

the upregulation of fatfy acid synthesizing enzymes in the liver and epididymal

fat pads of mice fed high-carbohydrate diets was described (Al¡nan and

Gibson' 1965)' In this study, ervyme activities of fatty acid synthetase, rnalic

enzytr'e and glucose-6-dehydrogenase were decreased, suggesting rapid, direct,

and specific regulation of enzyrnes of lipid rnetabolisrn by a parlicular fatty

acid' These findings were subsequently confinned a decade later (wahle and

Radcliffe, 1977: Jeffcoat and James, lgTB). It was nor until lgg2,however,

that a possible mechanism of action was suggested, when schwaftz and

Abraham (1982) showed that corn oil supplementation of a high carbohydrate

diet reduced the rate of synthesis of fatty acid synthetase protein in mouse

liver' It has since been shown that severar fatty acids (incruding cLA), as well

as their metaborites, are capable of specificaily effecting changes in gene

expression patterns in liver, adipose and other tissues (Sarnpath and Ntambi,

2005).

It was the eventual discovery of nucrear receptors capabre of binding

fatty acids that established a direct role for fatty acids in gene regulation

(Gottlicher et al'' 1992). Although the nuclear actions of puFAs were first
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studied in hepatic cells, their actions have since been confirmed in cultured

3T3-Li adipocytes (Tebbey et ar., 1994; Sessrer et ar., 1996; Mater et ar.,

1998), as well as various tissues, including srnall intestine (Niot et al., lggT),

pancreas (Brun and spiegelman, Igg.), imrnune cells (Tebbey and Butke,

1993) and neonatar mouse brain (Dewile and Famer, 1993). It is

conceivable, therefore, that cLA, as a polyunsaturated fatty acid, might also

have a direct role in control of gene regulation and gene expression in the

heart.

B. sarcoplasmic reticurum and cardiac oxidative stress: new

thoughts for treating heart disease

1. The cardiac contractile cycle

It has been estabrished that ca2n plays a major rore in the process of
excitation-contraction coupling in cardiomyocytes (Bassani et al., lgg4). In
the nonnal heart, the sarcoprasmic reticulum works in concert with the

sarcolemma (SL) to maintain a 10,000-fold gradient of Ca2* across the

cardiomyocyte plasma membrane (Maclennan and Wong , lgTl; Jorgensen er

al" lg82)' At the beginning of the cardiac contractile cycle, depolarization of
the sL allows the entry of a small amount of ca2* from the extracellular space

into the cytosol via voltage-dependent L-type ca2*-charurels (Bodi et ar.,

2005)' This small influx of ca2* in turn triggers the release of a large amount
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of Ca2* from the SR via the calciurn release channels (calcium-induced calcium

release), includingthe RyR (Fabiato, 1983), which results in an increase in the

[Cut*], and thereby induces cardiac contraction. The amount of Ca2* released

during this cycle depends on the amount of Ca2n stored in the SR as well as the

fraction of the total Ca2* reserve that is available for release (Bassani et al.,

1994; Bers, 1998). In the SR lumen , ca,* is bound to a negarively charged

storage protein, calsequestrin (Csq), which stores Ca2* for release during the

next wave of depolarizatjon (Dhalla and remsah,200r). During diastore, the

[Cut*], is restored to its resting level of l0-7 M. This occurs mainly due to the

action of the sERCA2a pump, which activery pumps ca2* back into the rumen

of the SR (Maclennan and wong, rgTr; Dhalla et ar., r9g2). sERcA2a,

which is located in the sR, transports two moles of ca2* at the expense of one

mole of ATP. A relatively small amount of ca2* is extruded by the sL Na*/

Ca2*-exchffi8€, as well as an SL Ca2*-purnp ATPase mechanisrn (Dhal la et al.,

1982; Bers er al., 1998).

It should be noted that the abovementioned [cur*], restoration

mechanisms are species-dependent (Bassani et al., 1994; Bers et al., l99g).

For instance, it has been shown that SR SERCA2a contributes approxirnately

92o/o of cytosolic Ca2*-reuptake in the rat heafi, and about 70-75% of this

function in guinea pig, cat, rabbit and human hearts. conversely, sL Na*/

Ca2*-exchange is responsible for 25-3 0% ofCa2* restoration in all species, but

only about 7o/o inrats (Bass ani et al., 1994). While a greatdeal of research and
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attention has focused on SR/SL as sites for

little attention has been paid to exploring SR

mechanisms that control Ca2* movements in

targets for improving therapy for heart disease.

of calcium within the cardiomyocyte.

cardiac drug development, very

sites, particularly the regulatory

the SR membrane, as possible

Figure I depicts the movement
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Figure 1: Calcium movement within the cardiomyocyte
The L+ype calcium chann^els (L+ype cazn), locate¿.1ã"g ,r*"sarcolemmal membrane, allow theentry of a small amount of calcium ions into the cardiomyocyte cytosol. This small amount ofcalcium triggers the release-of a much larger amou.nt of calåiuÁ (caicium-indu""¿ 

"ul"iu,,' 
release)from the sarcoplasmic reticulum (SR) via th-e rya:rodine receptors (RyR). This increase in intracellularcalcium concentration causes contraction of.the 

"uraio*ioq.tJ 
qventricular systole). Followingcontraction' the sarcoendoplasmic reticulum 

^ATPase 
pu-p ldencA) actively removes the excesscalcium from the c¡osol into the lumen of the sR, *r,år" ii i, h"l¿ by the sR storage proteincalsequestrin (csQ)' In order for SERCA to.function'mu*i*ullv, prrospholamban (pLB), a negativeregulator of SERCA, must be phosphorylated. A small amount ái calcium is also extruded from thecell via the sodium-calcium ex"huìgei (NCX). when intrac"irulu. calcium concentration [caz*];retums to lo-7 M, the mycocyte relaxls (ventricular diastole). cartoon adapted from www.edoc.hu-berlin.del...ÆITMllchaprerl .hrml.
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2- Pathophysiorogy of heart disease: ca2*_overroad and
oxidative stress

ca2*-overload and oxidative stress are the two rnajor mechanisms that

have been implicated in cardiac dysfunction in different pathological

conditions (Dhalla et a\.,2000a; Dhalla et a:.,2000b). Ca2*-overload was first

described by Fleckenstein (1g71) as an increase in intracellular ca2* levels

such that cellular toxicity resulted. This toxic increase can be attributed to a

number of factors, including the degradation of cellular proteins such as

sERCA2a (yoshida et ar., r990) and the RyR (Rard on et ar., 1990).

The effects of oxidative stress were first identified by Gersch man et al
(1954)' There are several underlying reasons for the occurrence of oxidative

stress, including impairment of the antioxidant defense system, excess

generation of fì'ee radicals, or a combination of both. As the result of oxidative

stress' the SR membrane lipid bilayer arrangement is disrupted, which alters its

functional properties (Grinna, lg77).

There is an interactive relationship between ca2*-overload and oxidative

stress, although it is unknown whether these pathogenic phenomena are

causally related or complementary mechanisms of cellular injury (Dhalla et al.,

2000a; Schumacher et ar., l99g). SR dysfunction due to excessive generation

of free radicals and leading to ca2*-overload in cardiomyocytes is represented

by a rnarked decrease in ca2*-uptake and ca2*-release activities (Netticadan er

al'' 1999; Temsah et al., lggg). This decrease in sR activities has been



partially attributed to depressed Ievels of RyR, SERCA2a and phosphoramban

(PLB) protein content (Temsah et al., lggg). It has been observed that the

expression levels ofgenes that encode SR proteins are depressed after episodes

of oxidative stress, such as that seen in ischemia-r'eperfused hearts, and it is

posfulated that these alterations may lead to long-tenn heart dysfunction

(Gwathmey et al., 1987). It should also be noted that several researchers have

reported elevated diastolic force, reduced systolic force and slowed relaxation

in cardiac muscle strips and cardiornyocytes isolated frorn patients with end

stage heart failure (Gwathrney and Hajjar, 1990; Morgan et ar., 1990; zarain_

Hertzberg et al', 1996). In both animals and humans, abnormalities in Ca2*

homeostasis appear to be associated with decreased SR ca2*-uptake and ca2n-

ATPase activities (Gwathmey and Morgan, 1993; schmidt et al., l99g;

Netticadan et al., 2000). In addition to SR dysfunction, a decrease in the

relative ratio of PLB:SERCA2ahas also been observed in failing hearts (Hajjar

et al., 1997; Meyer et al., 1999; Bartling et al., lggg). Note that ín vívostudies

suggest that the "functional stoichiometry" of PLB:SERCA2a is less than l:l in

native cardiac sarcoprasmic reticulum membranes (Kada mbi et ar., 1996). The

ratio of sR sERCA2a:SL Na*/ca2*-exchange was also reduced in reft

ventricular specimens from patients with end-stage heart failure compared to

patients with normal heart function (Bartring et ar., rggg).
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3. ls it in the genes?

Patients with heart failure are charac terizedby rnultiple cardiac defects,

but alterations in ca2* handling have been shown to be the primary cause of
systolic and diastoiic dysfunction (Gwathmey et al., I9g7; Gwathmey and

Hajjar, 1990)' These abnonnalities are tightly linked to downregulation of
SERCA2a expression and activity (zarain-Hertzberg, et ar., 1996). Arthough

not all studies have produced consistent results, most investigators have shown

that expression of genes concerned with ca2* transport by the sR, such as

sERCA2a (Mercadier et ar., 1990; Arai et ar., 1994; Mewe et ar., 1994;

schwinger et al., 1995; Mattieilo et ar., l99g; Kubo et ar., 200r),pLB (Linck

et al., 1996; Marx et a1.,2000), and the RyR (Go et a1.,1995) are all reduced in

the end-stage failing human heaft. Patients with dilated cardiomyopathy have

Iower levels of sERCA2a and pLB messenger RNA (mRNA) than nonnal

patients (Yasumura et al., 2003). In contrast, NCX *RNA in end-stage failing

hearts has been reported to be increased (struder et al., 1994;Flesch et al.,

1996)' Modifications in the expression of genes that encode SR proteins have

been suggested as potential strategies to nomali ze cardiacdysfunction as seen

in the hypertrophic heart. overexpression of SERCA 2a inisolated myocytes

as well as intact animals has been shown to enhance cardiac contraction and

relaxation (He et at., 1997).

Pharmacological interventions are considered to be the traditional form

of treatment therapy for heart disease. Based on expanding knowredge of the
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functional importance of proteins and their interaction with other functional

players or signaling pathways, as well as the significance of Ca2*-related

therapies, it is possible that new therapies for heart failure that aim to improve

SR function may include upregulation of SERCA2a, RyR and pLB. It may be

possible to effect this upregulation, at reast in parl (i.e. as an adjunct to gene

therapy), through nutrition interventions with physiologically active nutrients

such as CLA.

However, whire new findings in gene therapy are on the horizon, certain

precautions must be taken into consideration. First, genes must be

overexpressed in a controlled fashion such that the interference with the

machinery that transcribes and transports mRNA to its final destination does

not occur' Also, it is important to ensure that the overexpressed protein is not

only translated, but also incorporated into the membrane and that it is

functional (He et al., l9g7). Further, the overexpression of a protein should

not interfere with the expression of other proteins. Protein overexpression (as

in the case of SERCA2a) should not create a dilemma as far as energy demand

is concerned. Negative outcomes associated with pharmacological therapies

may be ameliorated through accessory nutritional therapies such as

supplementation with CLA, which may decrease toxic side effects while

assisting in producing the desired effect on cardiac SR gene expression and

protein function.
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c. Production of functionar protein from a gene sequence:

transcription and translation

one of the most irnporlant activities of a cell is the production of
proteins that perfonn rnajor functions within the cell (i.e. structu ral, enzymatic,

honnonal, etc')' The following section will give a very brief description of the

process of protein production within a cell.

within every eukaryotic cell reside cornplex polyrneric molecules

known as DNA (deoxyribonucreic acid) and RNA (ribonucleic acid). In
eukaryotic cells, DNA resides excrusivery within the nucleus, whereas

different types of RNA are found within both the nucleus and cytoplasm. The

double stranded structure of DNA is the result of the fonnation of hydrogen

bonds between the nitrogenous bases on one strand of DNA with the

nitrogenous bases on the other strand of DNA (wikipedi a, 2006). There are

four such bases found in DNA, narnely thymine, adenine, cytosine and

guanine, commonry abbreviated A, c, T and G. In RNA, thymine is repraced

by the nitrogenous base uracil (u). These bases exhibit complementarity,

meaning that each nitrogenous base can only form a hydrogen bond with one

other nitrogenous base, namery A with T, c with G (A-T, c-G) (wang et ar.,

1999)' Note that in RNA, uracil pairs only with adenine (A-u).

complementarity ailows DNA to replicate itserf, and also ailows it to be

rewritten in the form of RNA (pearson prentice Hail, 2006).
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A protein is a chainlike molecule built of subunits of smaller molecules

known as amino acids; during protein synthesis, the separate amino acids are

reassembled into new chains (wikipe dia, 2006). The code for ordering the

amino acids of a protein is written as a sequence of bases in the DNA. This

sequence of DNA is known as a gene of gene sequence

(http ://horn e. h omecast. net).

Cells use the two-step process of transcription and translation to read

each gene and produce the string of amino acids that makes up a protein. The

term "transcription" literally means to "write across" or convert information,

where the transcription process converts the double-stranded DNA code into a

single strand RNA formar (King, 2006). This single strand chain of
nucleotides, or messenger RNA ('RNA) leaves the cell nucleus, carrying an

accurate reproduction of the information coded in the original DNA (Wang et

al'' 1999)' The formation of mRNA encompasses the process of transcription.

The rnolecures of 
'RNA leave the celr nucreus, entering the cytoplasm,

where they are attracted to structures known as ribosomes. within the

cytoplasrn is a second type of RNA molecule called transfer RNA (tRNA).

*RNA lines up at the ribosome, tRNA in turn attaches to 
'RNA and

subsequently donates amino acids to the mRNA chain (King, 2006). This

assembly of amino acids, in a sequence of amino acids specified by the order

of nucleotides in the mRNA (which was initially determined by the sequence
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of amino acids in the originar DNA and govemed by comprementarity) into a

protein is called translation (Wikipedi a,2006).

D. Preliminary findings

In order to assess the viabirity of the curent proposed study, we

performed some initial assessments of LV tissue obtained from the original

cLA study' RNA was isolated from male LV tissue from each of the treatment

and control groups, and expression of a number of genes responsible for

calcium handling within cardiomyocytes was lneasured using semi-quantitative

reverse transcriptase polymerase chain reaction (RT-PCR). The results of the

PCR amplification were analyzedby gel electrophoresis and quantified using a

Molecular Dynarnics sroRM scanning system (Arnersham Biosciences corp.,

PQ, canada) and calculating the intensity as a ratio of a target gene over the

housekeeping gene (grycerardehyde 3-phosphate dehydrogenase, GAPDH).

These preliminary trials indicated that there were significant changes in the

expression of the SERCA2a gene in the LV tissue of male rats supplemented

with the single isomer tl},cl2 cLA and single isomer t9,cll cLA, and an

additive increase in SERCA2a gene expression in the LV of male rats fed the

fatty acid CLA mixture- We concluded that these results warranted a more in-

depth investigation of the effects of CLA supplementation on the expression of

the genes encoding cardiomyocyte sR protein in growing rats. we focused



our investigation on the genes encoding the principal sL and SR calcium_

handling proteins, as previous research has demonstrated that calcium handling

is key to maintenance of cardiac contractility and relaxation and normal heart

function (del Monte et al., 2004) and we believed that the hemodynamic

changes obserued in our previous study could have been due to changes in the

expression of the genes encoding for key calcium handling cardiac proteins.

We also felt that it was essential to investigate possible gender differences in

the effect of cLA supplementation on cardiac function.

III. RATIONALE OF THE STUDY

In recent years, cLA has become a popular health supplement, and

scientific interest in this linoleic acid derivative has rapidly increased.

However, many questions remain to be answered in order to fully elucidate the

physiological effects that have been observed in animals fed ClA-enriched

diets' To our knowledge, no studies have been performed that have examined

the major CLA isomers (i.e. c9,tll and, tl}cl2) or mixtures of these isomers in

triglyceride or fatty acid form, and their effects on the genes that encode the

proteins regulating calcium homeostasis in the hearts of male and female rats.

Current research has also identified specific cardiac genes that exhibit reduced

expression during progression to heart failure. This research will therefore seek

to determine the underlying mechanisms involved in the hemodynamic
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changes observed in CLA-fed animals,

involved in cardiac calcium handling.

supports rhe possibility that CLA may

treatment of hearl failure.

specifically the expression of genes

Information may be yielded that

have use as a novel agent for the

IV. OBJECTIVES AND HYPOTHESES

Objective l: To examine the effect of dietary CLA as single isomers c9,tll
or tl0,clL in fatty acid form, or as mixed isomers in fatty acid or

triglyceride form on the expression of the cardiac genes responsible for

calcium handling in left ventricular tissue from male and female rats.

To accomplish this objective, 30 male and 30 female rats were assigned

to one of 5 dietary groups (n:6 in each group) and received dietary treatment

frorn age 4 weeks until age 20 weeks. At 20 weeks of age, animals were

sacrificed and RNA was isolated from LV tissue from each of the cLA
treatment (c9,tlr, tl},cl2, fatty acid rnix, triglyceride mix) and control_fed

groups of male and female rats. RT-pcR was performed using primers

specifìc for calcium-handring genes, incruding L-Type ca2* channel,

sERCA2a, PLB, csq, NCX and RyR. The pcR products were anal yzed, by

electrophoresis in 2% agarose gels. The intensity of each band was

photographed and quantified using a Molecular Dynamics STORM scanning

system (Arnersham Biosciences corp., pe, canada) calculating the intensity as

a ratio of a target gene over the housekeeping gene, GAPDH.
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Hypothesis 1: cLA supplementation with c9,tll in fatty acid form will
significantly increase the mRNA levels of some of these genes, specifically

SERCd2a.

This first hypothesis was based on existing literature that has shown the

c9,t71 CLA isorner to be the most biologically active form of CLA (par jza et

al',2001)' other literature describes the c9,tll CLA isomer to be the most

potent ligand for ppARo,, a member of the ppAR superfamily of nuclear

receptors that have been shown to affect gene expression, and which is present

in cardiac tissue (vanden Heuver, 2004). At a basic lever, it has been shown

that several fatty acids, including CLA, are capable of specifically effecting

changes in gene expression patterns in liver, adipose and other tissues (Brun

and Spigehnan, r99r; Niot et ar., 1997; Mater et ar., t99g; sampath and

Ntambi, 2005). Although there is no literature to date that has shown that CLA

can effect changes in cardiac gene expression it is conceivable that CLA, as a

PUFA' might also have a direct role in control of gene expression in the heart.

Finally, we hypothesized that the c9,t7l single isomer in fatty acid form would

increase the expression of certain of the genes under study, particularry

sERCA2a. This was based on our preriminary findings where sERcA2a

'RNA levels were in fact elevated in the group of male rats suppremented

with this isomer.

objective 2: To examine the effect of dietary cLA as singre isomers c9,trr

or tl0,cl2 in fatty acid form, or as mixed isomers in fatty acid or
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triglyceride form on protein revers of Lv SERCA2a and phosphoramban

in male and female rats.

To accomplish this objective, LV tissue was used from the 30 male and

30 female rats that had been assigned to one of 5 dietary groups (n:6 in each

group) and had received dietary treatment from age 4 weeks until age 20

weeks. Protein isolates from male and female rats, aged. 20 weeks, were

analyzed by Western blotting after sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE). sERCA2a and pLB (unphosphorylated dimer)

were visualized by enhanced chemiluminescence according to the

manufacturer's instructions (Boehringer Mannheim, Laval, pe), and band

intensities of the western brot were quantified using a ccD camera imaging

densitometer (Bio-Rad GS g00).

Hypothesis 2: Dietary cgrtll CLA in fatty acid form will increase

SERCA2a protein levels in male rats while decreasing pLB protein levels.

This hypothesis was based on several of our initial findings. First,

preliminary tests for mRNA levels showed higher sERCA2a mRNA levels in

male rats fed c9,tll cLA, and thus we assumed that greater mRNA levels

could be translated into higher SERCA2a protein levels. Further, our previous

hemodynamic study showed that in male rats, heart rate decreased while

cardiac output rernained normal (as evidenced by unchanged LVEDP). This

may have been due to upregulation of cardiac SERCA2a pump activity
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combined with decreased PLB inhibition of pump activity (hence decreased

PLB protein levels).

objective 3: To examine the effect of dietary CLA as single isomers c9,tll
or tl0,cll in fatty acid form, or as mixed isomers in fatty acid or

triglyceride form on carcium uptake and rerease by sarcoprasmic

reticulum (sR) membrane from male and female rats.

To accomplish this objective, LV tissue was used from the 30 male and

30 fernale rats that had been assigned to one of 5 dietary groups (n:6 in each

group) and had received dietary treatment from age 4 weeks untir age 20

weeks' LV SR vesicles were isolated from male and female rat LV tissue and

protein content assessed by the Lowry method (sapan et ar., rggg). calcium

uptake and release in the isolated SR was assessed via ao'Ca assay modified

from the original method of Hawkin s et al. (1994).

Hypothesis 3: Dietary cgrtrr cLA and mixed isomer cLA in fatty acid

form will decrease both sarcoplasmic reticulum Caz* intake and

sarcoplasmic reticulum ca2* rerease in male and femare rats.

This hypothesis was based on extensive research demonstrating that

PUFAs (in fatty acid form), including cLA, have antiarrhythmic effects

following ischemic events (Negretti et ar., 200r; Swan et ar., 2003). First,

PUFAs inhibit the SR Ca2* release mechanism by decreasing the relative time

that the RyR remain in the open state, po (swan et a1.,2003). puFA have also

been shown to decrease lCa2*li, meaning that less cytosolic Ca2* is available
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for the sERCA2a pump to bring into the sR, as well as increasing the amount

of time it takes for this pump to bring in sufficient Ca2* for the next wave of
ventricular polarization Q.{egretii et at.,2001). ln this way, itwas predicted

that c9,tl l cLA in the fatty acid form wourd also decrease ca2* uptake.

V. MATERIALS AND METHODS

A. Methods for sample preparation

1. Background

It should be noted that the animals used in the previous hemodynamic

study were in fact paft of another principle study that was designed to examine

the effects of cLA parathyroid honnone in relation to bone health (weiler H,

unpublished findings) The principle investigator of this study was interested in

identifying isomer-specific (i.e. c9,tll or tll,cl2) and form_specific (i.e. fatty

acid or triglyceride) effects of dietary cLA, and was also interested in possible

gender differences in the respone to cLA supprementation. Although the

anitnals and diets were primarily for use in this bone study, it was deemed that

the anirnals chosen and diets formulated would arso be appropriate for a

prelirninary study that explored cardiac hemodynamic function, particularly

since the principle design incorporated differences in isomer effects, form

effects and gender effects. To our knowledge, this would be the first study to

Iook at the effects of dieta-ry cLA on cardiac hemodynamic perfoÍnance.
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The following sections describe the animals and diets used for the principle

bone study, our supplementary hernodynamic study, and this thesis project.

2. Feeding of anirnals

Sprague-Dawley rats (30 male and 30 female) were randomized at 3

weeks of age to receive I of 5 diets between 4 and 20 weeks of age. Sprague-

Dawley rats were chosen for two reasons: first, this animal breed is a common

model for bone-related studies; second, Sprague-Dawley rats are aseptically

bred and housed, and are therefore generally healthy. The diets were

fomulated to provide equal quantities of total fat on a weight-for-weight basis.

A modified AIN-93 G diet for growth was used throughout the study. The diets

were:

l. control: The AINI-93G diet normally contains 7o/o (w/w) soybean oil

(n-6:n-3 ratio approximately 7:r) (Reeves et al, lggT). since cLA was added

to the treatment diets, additional soybean oil was added so that all diets would

contain an equal amount of fat. Therefore, the AIN-93G diet was modified

such that it containedB.35% (w/w) soybean oil.

2' AIN-93G diet containing 0.s% (w/w) c9,trr cLA as fany acid and

8.35% (w/w) total fat. since the single isomer cLA was not l00o/o pure,

additional CLA oil was added to ensure that the diet contained exactly 0.5%

c9,tl1 cLA. The isomer content of the cLA oil was g4yo c9,tlr plus 16%

tl0,c12 CLA in free fatty acid form.
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3. AIN-93G diet containing 0.5% (w/w) tl},cl2 cLA as fatty acid and

8'35% (w/w) total fat. The isomer content of the cLA oil was g4o/o tll,cl2
plus i 6%o c9,tl I CLA in fatty acid form. Since the single isomer CLA was not

100% pure, additional CLA oil was added to ensure that the diet contained

exactly 05% tl},cl2 CLA.

4. AIN-93G diet conraining 0.5% (w/w) c9,tll + 0.5% (w/w) ttl,cl2
cLA as fatty acid. Since the fatty acid mixed isomer cLA was not 100% pure,

adjustment was made such that the diet contained the two isomers at exactly

0.5% (w/w) each. Torar fat content of this diet was g35%(w/w).

5. AIN-93G diet containing 0.5% (w/w) c9,tll + 0.5o/o (w/w) tl|,cl2

CLA in triglyceride form. Since the triglyceride mixed isomer CLA was not

100% pure, adjustment was made such that the diet contained the two isomers

at exactly 0.5% (w/w) each. Total fat content of this diet was g.35%(w/w).

All CLA isomers and mixed isomers were obtained from Lipid Nutrition,

a division of Loders crokklan (channahon, IL, usA), and were independentry

analysed for fatty acid composition by the euality control Department of

wonnerveer (charurahon rL). Table 4 shows diet formulations.
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Table 4: Formulations for control and CLA diets r,2

Cornstarch

Casein

Maltodextrin

Dextrose

Soybean oil

c9,tll CLA4

tll,clT CLA4

CLA fatty acid mixa

CLA triglyceride mixa

Cellulose

Mineral mix (AIN-
93c-MX)

Vitamin mix (AIN-
93-VX)

L-cysteine

Choline bitartrate

TertButylhydroqinone

398

200

132

100

83.s

398

200

132

100

75

8.1

398

200

132

r00

76.3

398

200

132

100

70.1

398

200

132

r00

70.1

7.2

10

3

2.5

0.014

10

J

2.5

0.014

10

J

2.5

0.014

13.4

50

35

10

J

2.5

0.014

13.4

s0

35

l0

J

)<

0.014

50

35

50

35

50

35

' Totul fat in each diet equals 8.35%(w/w). All ingredients listed as grams per kilogram of diet.2 AJI ingredients obtaineà from Harlan tettaa^lvaaison, wI, usA) unless otherwise specified.'Obtained from Best Food (Etobicoke, ON, Canada)a obtained from Lipid Nutritìon, a division éf Lod"., crokkran (channahon, IL, usA).
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At the end of the feeding period, cardiac function was assessed by the in

vivo cathetertzation technique as previously described (Tapp ja et al., lggg).

Following hemodynamic assessment, hearts were removed frorn all animals,

separated into LV, right ventrical (RV) and, atria, then immediately fi-ozen in

liquid nitrogen and stored at -80.C.

B. Methods

1. RNA isolation

Total RNA was isolated from LV tissue using TRIzol reagent (Life

Technologies, Burlington, ON). Previously harvested LV tissue was removed

from -80'C storage, and kept on ice in a -20"C freezer until ready for use. One

sample at a time was removed from frozen storage, cut with scissors and

weighed to obtain a i50-200 mg sample. The sample was placed into a mortar,

liquid nitrogen added, and the sampre crushed to a powder with a pestle. The

sample was immediately mixed with 200 pl TRIzol reagent, and using the

pestle, stirred to remove tissue from the sides of the mortar. This mixture was

poured into 50 ml Corningware tubes, and homogenized with a powerGen 125

homogenizer (Fisher Scientific) as follows: 20 seconds homogeni zation

followed by 10 seconds rest (repeated 5 times). This process was repeated for

all samples, and the remaining LV tissue was retumed immediately to -gg"C

storage. The homogenate in each screwcap tube was divided equally between

two microfuge tubes, and 200 ¡i chloroform added to each tube. The tubes
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were then flipped 50 times by ha'd. Following this the samples were

centrifuged at 4oc, 10,000 g for r5 minutes using a Heraeus centrifuge 2gRS

(Sepatech). The aqueous phase was removed and transferred to a new

microfuge tube. Isopropyl alcohol (500 ¡rl) was added to each fube, inverted

by hand 20 times, then allowed to rest at room temperafure for l0 minutes.

Samples were then centrifuged at 4oc, 10,000 g for 20 minutes to create a

pellet' Following centrifugation, the supernatant was poured off, and the pellet

was redissolved by adding I ml of l5o/o ethanol and agitated with a pipette.

The resuspension was then centrifuged, at 4"c,10,000 g for l0 minutes. The

supernatant was poured off, and the inside of the microfuge tubes wiped with a

Kimwipe to remove as much remaining liquid as possible without disturbing

the RNA pellet' The pellets were dried at room temperature for 20 minutes,

then reconstituted by adding 50 pl nuclease-free water and agit¿ting with a

pipette (50 times). The resulting solution was heated in an Isotemp 500 Series

Laboratory oven (Fisher Scientific) at 55"C for 10 minutes, then placed on ice.

2. Assessment of RNA concentration

To assess RNA concentration, a zero value was obtained first by using

RNAse free water and measuring its concentration spectrophotometrically

using a Spectronic 601 Spectrophotometer (Fisher Scientific) at 260)", then

repeating the assessment at280)". Following this,4.4 pl of each RNA solution

obtained from RT-pcR was removed by pipette and added to a separate

Eppendorff fube containing 996 ¡ilRNAse free water. RNA concentration was
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subsequently assessed by spectrophotometry, using the same

spectrophotometer, fìrst by measuring at 260À", then repeating the assessment at

280)''. The concentration was then calculated as the ratio of 260X:280)". A

concentration of 1.6 ¡:.glv,|or higher was considered acceptable. RNA samples

were then stored at -80"C until further use.

3. Semi-quantitative RT-PCR

Reverse transcription (RT) was conducted using the Superscript

Preamplification System for first strand cDNA synthesis (Life Technology,

oN, canada) as previously described (Meadus wJ, 2003). Temperatures used

for PCR were as follows: denaturation at 94"C for 30 seconds, annealing at

62'C for 60 seconds, and extension at 68.C for 120 seconds, wìth a final

extension fot J min; 25 amplification cycles were used for each individual

prinrer set. For the purpose of normahzation of the data, GAPDH primers were

used as the housekeeping gene. The pcR products \¡/ere analyzed by

electrophoresis in 2% agarose gels. The intensity of each band was

photographed and quantified using a Molecular Dynamics STORM scanning

system (Amersham Biosciences Corp., PQ, Canada) calculating the intensity as

a ratio of a target gene over the housekeeping gene, GAPDH. Primers used for

amplification were synthesized as follows:
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GAPDH: S'-TGAAGGTCGGTGTCAACGGATTTG-3, (forward)

5'-GCATGTCAGATCCACAACGGATAC-3' (reverse)

Genes encoding for Sarcolemmal proteins:

Na*/Ca2* Exchanger:

5'-TTGGCATCATGGAGGTGAAG_3, (forward)

5'-CCCCACATTCATCATCATCG_3, (reverse)

L-Type Calcium Channel Receptor:

5'-TTCATCTACGCCGTCATTGG_3' (forward)

5'-CGTCCGTACCAAAGCAAACA_3, (reverse)

SERCA2a:

5'-GAAACTGTCACTGCCTTTGTGG_3' (forward)

5'-TCGGATCTTGCCAATCTCAGTA_3, (reverse)

Phospholamban:

5'-TTGAAATGCGCTCAGCAAGC_3, (forward)

5'-TGTCAGATCAGCAGCAGACAT_3, (reverse)

Calsequestrin:

5'-TTCCAAGAGGCAGCTGAACA_3' (forward)

5'-TGGGTCAATCCACAAGATGC_3' (reverse)

Ryanodine Receptor:

5'-TTGAAATGCCTCAGCAAGC_3' (forward)

5'-TGCAGATCAGCAGCAGACAT_3' (reverse)
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4. Western blot of SERC A2a and pLB proteins

High-rnolecular-weight markers (Bio-Rad, Hercules, cA, usA) and 20

pg total membrane proteins were separated on 10% SDS-PAGE as previousry

described (Asemu et ar., 2003; Denf et at., 2004). Separated proteins were

transfered onto 0.45-pun polyvinylidene difluoride (pvDF) membrane. The

PVDF membrane was blocked overnight at 4oC in Tris-buffered saline (TBS)

containi'g 5% skim milk and probed with mouse monoclonal primary

sERCA2a or PLB ('nphosphorylated) antibody (upstate Biotechnology, Ny,

USA)' Primary SERCA2a or PLB antibodies were diluted in TBS-T (l:2000

according to the manufacturer's instructions). Horseradish peroxidase-labeled

anti-mouse IgG (Bio-Rad, cA, usA) was diluted r:3000 in TBS_T and used as

the secondary antibody. sERCA2a and pLB proteins were visu alized by

enhanced chemiluminescence according to the rnanufacturer,s instructions

(Boeluinger Mannheim, Laval, PQ). Band intensities of the Western blot were

quantified using a ccD camera imaging densitometer (Bio-Rad GS g00). The

linearity of the Western blot procedure used for the quantification of SERCA2a

and PLB has been previously determined (Asemu et al., 2003). Exposure time

used was 5 minutes.
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5. SR membrane isolation

The SR membrane was isolated according to the following method.

Reagents used included:

l. DTT + PMSF in DMSO: Stock mixture prepared by dissolv ing 154.2

mg of Dirhiothereitol (DTT) and 17.4 mgof phenylmethylsulfonyl

fluoride (PMSF) in r0 ml of dimerhyr surfoxide (DMSO).

2. Solutions used included:

i. Solution A:0.9% saline

ii. solution B: 10 mM NaHCo3, 5 mM NaN3, 15 mM Tris-HCL, pH

6.8. 0.5 ml of DTT + PMSF in DMSO was added to 500 rnl- of

solution A and the pH adjusted to 6.g with drop wise addition of

HCI.

iii. Sol'rion c: 0.6 M KCI, 20 mM Tris. HCl, pH 6.g. 0.5 ml of DTT +

PMSF in DMSO was added to 500 ml of solution A and the pH

adjusted to 6.9 with drop wise addition of HCl.

iv. Solution D:250 mM sucrose, l0 mM histidine, pH 1.0. 0.25 ml of

DTT + pMsF in DMSO was added to 500 ml of prepared solution A

and the pH adjusted to 7.0 with drop wise addition of HCl.

Left ventricular tissue was removed from -gO'c storage, and praced on

ice' LV (whole' no specified weight) was then placed in l0 ml cold Solution

A, and chopped with scissors. The aqueous portion was removed by suction,

and 10 ml of solution B was added to the remai'ing tissue. This was
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homogenized at 12,000 rpm with a polytron homogenizer (Brinkman,

Westbury, NY) for 45 seconds (20 seconds homogeni zation, one minute rest,

25 seconds homogenization). The tubes were balanced using Solution B, then

centrifuged at 9,500 g in a Beckman centrifuge at 4"C for 20 minutes. The

resultant pellet was discarded, the supern atant balanced with Solution B,

follorved by centrifugation at 19,000 g for 45 minutes at 4'C. The resulting

pellet v/as suspended by hand in 8 ml of Solution c, the tubes balanced with

Solution c a'd centrifuged at 19,000 g for 45 minutes at 4"c. The resurting

pellet was suspended in 8 ml Solution D. All steps were performed in the cold

room (0-4'C), and the resulting SR and cytosolic suspensions were stored at

-80"c and used later for calcium uptake and release assays. The protein

concentration of the sR preparation was determined by the Lowry method

(Sapan et al.,l99g).

6. Calcium uptake and release

The ca2* uptake activities of sR membranes were determined by an

adaptation of the original procedure of Hawkin s et ar (1gg4). The various

components of the solutions were weighed and combined as follows:

Loading buffer: 89.46 g of r.2 M KCr, 10.165 g of 50 mM Mgcr2,

3'25 g 50 of mM Na-azide, plus 11g.6 g of 500 mM Tris-mareate.

washing buffer: 1:1 Loading buffer: double-distiled water (DDW).

i.

2.
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3. 50 mM of Tris-ATp, pH 6.g prepared using Tris salt, then 4 mM Tris

ATP prepared from the 50 mM Tris ATp.

4- 0.002 g of 250 pM ruthenium red dissolved in r 0 ml of DDw.

5. 0.184 g of 100 mM K-oxalate dissorved in 10 mr of DDW.

6' 0.0038 g of 1 mM EGTA dissorved in i0 mL of DDW, pH 6.g.

7. 0.00141 g of lrnM CaCl2 dissolved in l0 ml of DDV/.

8. i mM otcaclrprepared 
by adding 10 pL of 2 mci orca to 10 mr of t

mM CaCl2.

These reaction cocktails were prepared at room temperature, then stored on

ice.

a. Determination of calcium uptake activity

The standard reaotion mixture (total volume 250 pl) contained (in mM)

50 Tris-maleate (pH 6.8), 5 NaN3, 5 ATp, 5 Mgcl2, 120 KCI, 5 potassium

oxalate, 0.1 EGTA, 0.1 45cacl2 (12,000cpm/nmol), and O.}2sruthenium red.

Ruthenium red was added to inhibit Ca2* release channel activity under these

conditions. The reaction was initiated by the addition of unphosphorylated SR

membranes to the Ca2* uptake reaction mixture. The reaction was terminated

after i min by filtering a 200 pl aliquot of the reaction mixture. The filters were

washed twice with 3 ml washing buffer and promptly dried at 60"c for t h.

The filters were then placed into scintillation vials, i0 ml of scintillation fluid
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was added to each vial, and vials were counted in a beta liquid scintillatio'

counter (Beckman). To measure ca2* uptake by the SR membranes in the

absence of endogenous caMK activators, namery, ca2n and endogenous

calmodulin, 10 pM of N-(6-aminohexyl)-5-chloro-1-naphthalenesulfonamide

(w-7) and 1 mM EGTA were included in the phosphorylation assay medium to

inhibit calmodulin, chelate cu'*, respectively. The exogenous catalytic subunit

of PKA was excluded from the phosphorylation assay medium so that Ca2*

uptake by the SR membranes could be measured in the absence of pKA

activator.

b. Determination of carcium-induced-carcium release activities

ca2n-release activity of the isorated sR vesicres was measured by a

modified procedure as reported previousry (Hawkins et ar., rgg4). SR vesicres

were suspended in a reaction mixture with a total volume of 625 pl that

included (in rnM): r00 KCl,5 Mgcl2,5 mM potassium oxalate,5 mM NaN3,

20 mM Tris-HCL (pH 6.g), and 62.5 ¡^tl of 0.5 mglml sR. The reaction

mixture was then incubated for 45 minutes at room temperature with l0 pM
otcucl, (20 mcilL) and 5 mM ATp. ca2*-induced-ca2*-release was then

carried out through the addition of I rnM EGTA plus 1 mM cacr2. The

reaction was promptly terminated l5 seconds later using the Millipore filtration

technique. Tlie filters were then put in vials and i0 ml of scintillation fluid

was added' The vials were then counted in a beta-scintillation counter
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(Becknran). The ca2*-i'duced ca2*-release was completely prevente d (g5% -

97%) by the addition of 20 pM ryanodine to the SR preparations membranes.

Uptake and release trials were repeated in triplicate for both male and female

samples.

C. Statistical analyses

All values are expressed as mean + sEM. Data were analyzed, by one_

way analysis of variance (ANovA) followed by Tukey post-hoc multiple

comparison tests. Since male and female samples were analyzed on separate

gels (RT-PCR and westem blot products), a two-way ANovA for diet and

gender was deemed inappropriate. Thus, in the curent study, male and female

results are compared to their respective gender control group. A probability of

P<0.05 was considered significant. Shapiro-Wilks Tests for Normality were

used to confirm normal distribution of data. Where data was not normally

distributed, data was log-transformed and one-\¡/ay ANovA was repeated.

Hornogeneity of the data v/as determined using Levene's Test for

Homogeneity of Variance. All statistical analyses were performed using SAS

9.1 (sAS Institute Inc., cary, NC, usA). using the data for mean and standard

error of the mean (sEM) as computed by sAS 9.1, Microcal origin version 6.5

(origin Lab corp., Northampton, MA, usA) was used to create all figures.

Appendix 1 shows a sample of the program used for SAS analyses.
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VI. RESULTS

A. Effects of cLA isomers on cardiac gene expression

This study investigated the effects of dietary CLA treatment on the

expression of six genes involved in cardiac calciurn homeostasis through

analysis of mRNA levels of left ventricular cardiac tissue in both male and

fernale rats. The results of dietary treatment wjth c9,tll cLA, tll,cl2 cLA, a

mixture of both CLA isomers in fatty acid form, or in triglyceride form on the

expression of genes encoding for L-type calcium channel, sERcA2a,

phospholamban, calsequestrin, Na*/ca z*-exchanger 
and ryanodine receptor

proteins are shown in Figures 2 through 7. Representative bands are shown

below the figures. As mentioned, between-gender comparison was not

possible as PCR and gel electrophoresis for each gene were run separately for

male and female samples.

1. Effects of dietary cLA on L-type carcium channel gene expression

As can be seen in Figure 2, only the fernale groups displayed significant

differences in L-type calcium 
'RNA levels. Specifically, both the c9,tl1

single isomer diet and the fatty acid rnixed isomer diet were significantly

reduced compared to the tl},cl2, TG mix, and control diets. In the male

groups' there were no significant differences observed in L-type ca2* gene

expression for any groups when compared to male control.
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2- Effects of dietary cLA on sERCA2a gene expression

Figure 3 depicts the effects of dietary CLA treatrnent on the expression

of sERCA2a. In males, LV sERCA2a was elevated in the c9,tll and FA mix

compared to t10,c12, TG mix, and control groups. Of particular signifìcance is

the almost 100% elevation in the expression of this gene in male rats fed the

fatty acid mixture of isomers, which rnay indicate a synergistic effect of the

two individual isomers, c9,t11 and tr},cr2. In femares, there were no

significant differences in SERCA2a mRNA levels for any dietary groups.

3. Effects of dietary cLA on phosphoramban gene expression

Figure 4 depicts phospholamban gene expression in male and female

rats' In males, only the fatty acid rnixed isomer dietary group had significantly

reduced rnRNA PLB levels compared to the control, tll,cl2 and triglyceride

mixed isomer diet groups. In females, only the trl,cr2 diet produced

significant changes in pLB mRNA; specifìcally, pLB mRNA levels in this

group were significantly lower than all other female dietary groups, including

control.

4. Effects of dietary cLA on carsequestrin gene expression

similar to the effect of dietary cLA on pLB gene expression, cLA

treatment also produced few changes in the expression of genes encoding for

the sR storage protein calsequestrin. As shown in Figure 5, there were no

significant changes in calsequestrin rnRNA in male rats, while in females, only
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the rl0,c12 single isomer produced a signifìcant reduction in calsequestrin

mRNA levels compared to all other dietary groups.

5. Effects of dietary cLA on Na*/ca2*-exchanger gene expression

Figure 6 shows that, in male rats, only the tl},cl2 single isomer

produced a significant elevation in Na*/ca2*-exchanger mRNA levels

compared to all other dietary groups. Conversely, in female rats, the rl 0,c12

dietary group had Na*/Ca2*-exchanger rnRNA levels that were significantly

lower than the c9,tll and control group, but they were not different from either

of the mixed isomer dietary groups. Furthermore, both the fatty acid and

trigyceride dietary groups had significantly lower Na*/ca2*-exchanger mRNA

levels compred to the c9,tll dietary group.

6. Effects of dietary CLA on ryanodine receptor gene expression

As shown in Figure 7 , in male rats, the triglyceride mixed diet resulted

in RyR mRNA levels that were significantly reduced in comparison to all other

dietary groups, including control. In females, the mRNA levels of RyR were

ûlore varied, with the triglyceride mixed isomer group having significantly

higher RyR mRNA levels compared to the single isomer groups, and the

tl0,c72 single isomer dietary group exhibiting significantly lower mRl.{A

levels compared to both mixed isomer groups as well as control.
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7. Possible effects of dietary cLA on cardiac function

Table 5 summarizes the results of the gene expression assays.

Assuming that the changes observed for rnRNA levels would be translated into

similar changes in protein levels, the following observations can be made

regarding possible changes to cardiac function:

a. c9,tll CLA isomer

In male rats, the c9,tll CLA isomer resulted in an elevation in

SERCA2a expression with a reduction in PLB expression. This could translate

into increased Ca2* uptake and enhanced cardiac relaxation. In the c9,tll

dietary group in female rats, there was a reduction in L-Type calcium charmel,

meaning possible decreased stimulation of RyR and therefore decreased

contractility.

b. tlü,cll CLA isomer

In male rats, the tl0,c12 CLA isomer resulted in an elevation in NCX

expression which would probably have no significant effect on cardiac

function. In female rats, the tr},cr2 cLA isomer produced a significant

reduction in PLB expression, meaning possible decreased inhibition of

sERCA2a activity and therefore enhanced uptake of ca2* and consequent

enhanced cardiac relaxation. At the same time, the tll,cl2 cLA isomer

produced a significant reduction in RyR expression, meaning possible

decreased Ca2* release from the SR and therefore decreased cardiac

contractility.



c. Fatfy acid mixed CLA isorner

In male rats, the fatty acid mixed cLA isomer diet resulted in a

significant elevation in sERCA2a expression with a reduction in pLB

expression. This could translate into increased Ca2* uptake and enhanced

cardiac relaxation. In femare rats, there may be decreased caz* rerease by RyR

due to reduced expression of L-type channels and therefore decreased RyR

stimulation, translating into decreased cardiac contractility.

d. Triglyceride mixed CLA isomer

In male rats, the TG cLA group exhibited reduced RyR expression,

which may translate into decreased ca2* release by the sR, and therefore

decreased cardiac contractility. In female rats, the triglyceride mixed CLA

isomer diet resulted in a no significant changes in cardiac gene expression,

therefore one would assulne that no changes in cardiac function would occur.
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Table 5: Summa on resultsl

L-type Ca
Channel

SERCA2a I gs"/r*

Phospholamban Izo,t,*

Calsequestrin

Na*/Ca
Exchanger 1zøol,*

Itey,*

L-type Cat*
Channel

Izs"l"* t'. ( Izs"/"*

SERCA2a

Phospholamban 'rl' Izg,/,* J 1l o//o

Calsequestrin Izz,l"*
l"" I.

Ittyo*
Na*/Ca 2*

Exchanger Ircy"* ! to't,

Ryanodine
Receptor 1.tí' Itsy,* 111 %

calculated frc rm values for fract sarever),rre"prese;il;;;;Ë;,il"(üi,itiïiîr::i1::iffjr""j;J#iäîim
* denotes significant difference (p<0.05) à.."'ainf,o ínr*ay AN.VA un¿ å.un, trrting wirh rukey,s.
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B. Protein levels as detected by western blot analysis

1. Protein levels of SERCA2a

As seen in Figure 8, the rever of SERCA2a protein in males was

reduced in the t70,cl2 single isomer and fatty acid mix groups compared to

control. Of particular note is the single t10,cl2 isomer diet, where SERCA2a

protein levels were reduced by almost 70o/o compared to control. Conversely,

the other single isomer diet (i.e. c9,trr cLA) produced sERCA2a levers

almost double that of control. In females, the effects of dietary CLA treatment

on SERCA2a protein levels were notably different, particularly with regard to

the c9,tll single isomer diet, where SERCA2a levels were reduced by close to

50% cornpared to control. Unlike the significant reduction observed in rnale

rats fed the tl0,c12 single isomer diet, SERC A2a protern levels were reduced

in the tl},cl2 cLA female group compared to trigyceride mix, but not

compared with control. In female rats, the fatty acid mixed isomer diet also

reduced sERCA2a protein levers by approximately 600/o compared to the

control group' It is interesting to note that the triglyceride mix showed no

significant difference in SERCA2a levels as compared to control in either male

or female rats.

2. Protein levels of phospholamban

Figure 9 illustrates Western Blot

phospholamban (unphosphorylated). In male

results for protein levels of

rats, the c9,tl1 CLA treatment
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did not affect PLB levels as compared to control. PLB protein in the tl¡,cl2

cLA dietary group was reduced approxirnately 28Yo compared to control,

while the two mixed isomer diets (fatty acid and triglyceride mix) had pLB

levels that were reduced approximately 80Yo cornpared to control. In females,

all dietary treatments reduced PLB protein levels significantly compared to

control' PLB protein levels were reduced approxirnately 2\o/o in the c9,tll

group, approximately 40o/o in the tl},cl2 cLA and fatty acid groups, and

approximately 70o/o in the triglyceride group. Table 6 summarizes the observed

changes in protein levels for SERCA 2a andpl-B.
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Table 6: summary of changes observed in sERCA 2a and
protein levels by Western Blot analysist

phospholamban

SERCA2a I toz,t, * I zE y,*

Phospholamban I zs w* !lø"lr* !t+v,*

SERCA2a Iqg%,* I ss,/, *

Phospholamban !zt"l"* I38"/r* !+ov"* Ill"lr*
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C. Calcium uptake and release activity

Calcium uptake by SR vesicles isolated from left ventricular tissue of

male and female rats fed different ClA-enriched diets was studied by an

adaptation of the method established by Hawki ns et al (lgg4), as described in

the Materials and Methods section. As rnentioned, all trials were repeated in

triplicate' However, there was large variation in values for uptake and release

trials, and it as was not possible (due to unforeseen circumstances) to perfonn

further trials, thus one-way ANoVA was not appried to this data set and

signifìcance at p<0.05 was not established. Rather, Íreans of trials + sEM were

calculated using Microcar origin version 6.5 (origin Lab corp., Northampton,

MA, usA), and presented in tabular fonn. Tabre 7 shows the resurts for

uptake and release trials for male and female rats.

1. calcium uptake and release activities in male rats

calcium uptake was not significantry changed in any mare cLA

treatment groups when compared to control values. However, calcium release

activities were depressed in all dietary treatment groups for male rats. Calcium

release activities correlate with systolic pressure measurements and maxirnum

pressure development (+dP/dt.u*) which were decreased for most treatment

groups in male rats. This is not surprising, since calcium release is associated

with ventricular contraction (Sp and +dp/dt,"" hemodynamic measurefitents).
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2. calcium uptake and release activities in female rats

unlike male rat data, where calcium uptake activities jn clA-treated

groups were unchanged compared to control, the data for female dietary groups

showed some other differences. Specifically, the triglyceride mix produced a

reduction in uptake activity' In females, calcium release was rnore rnarkedly

changed, with a reduction in the tl},cl2 cLA dietary group, a matched

reduction in the c9,t71 CLA group, and an even more marked reduction in

release activity in the triglyceride dietary group. It is interesting to note that,

unlike the hernodynamic data seen in mare groups, hernodlmamic data for

females does not correlate as closely with uptake and release activity results,

particularly in the triglyceride mix diet, where the most substantial reduction

were observed for both uptake and release activities, yet the hernodynamic

changes were either mild (i.e. <l 0o/o d,ecrease in Dp, +dp/dt and _dp/dt) or

unchanged when compared to control (i.e. no change in Sp).
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Table 7: Ca2* uptake and release data for male and female ratsl,z,

Male Control c9,tll tl0,clL Fatfy acid
mix

Triglyceride
mix

Ca'*-uptake,
nmol'mg'r .2

min-l

Ca2*-release,
nmol.mg-l .2

min-l

Female

Ca2*-uptake,
nmol.mg-l .2

min-l

Ca2*-release,
nmol'mg-r '2

min-l

134 + 16.0

15.0 + 0.6

17 + 19.2

4.4 + 1.8

97 t 11.6

5.0 + 0.3

76 + 31.2

125 t 23.4 105 r 44.5 103 + 37.5

8.0 + 0.1 l l.0 + 3.5 g.3 + 0.5

68 + 28.8 17 x 5.3 50 + 7.8

2.7 r 1.7 2.7 + 1.9 4.1 + 0.1 0.5 + 0.t
' For each group, n=3. Eu.h triul

Iil_T:"^::^:î91îy"r:ïtî. sciences, s!_n-olir1ce Research centå, winnipeg, Manitoba, canada.'Data represented in tabre are *"un, *sEM. st;,d;;;ä?J;i,ïüi älälTi;,ï
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VII. DISCUSSIOI{

To our knowledge, this is the first study to examine the effects of

dietary cLA isomer and fonn on the expression of key genes coding for

sarcolemmal and sarcoplasmic reticulum proteins involved in cardiac calcium

homeostasis. Our previous study demonstrated that CLA had direct cardiac

effects as evidenced by changes in hemodynamic parameters (Tappia et al.,

2006)' In this present study, it has been demonstrated that dietary CLA affects

the expression of genes encoding proteins involved in cardiac calcium

homeostasis, particularly SERCA2a in male rats. FuftherÍrore, our results

indicate that these effects are isomer specific, influenced by the fonn of CLA

(i'e' fatty acid or triglyceride), and exhibit gender differences. Our results also

show that dietary cLA had an effect on protein revers of sERCA2a and

phospholatnban, with a tendency to decrease protein levels relative to control

in both male and femaie rats. Additionally, dietary cLA supplementation

tended to decrease sarcoprasmic reticurum carcium rerease.

A. Effects of cLA as single isomers and fatty ac¡d versustriglyceride

This study examined the effects of the two most biologically active

cLA isomers, c9,tll and tr},cr2 cLA. It was apparent from the

hemodlmamic measurements in our initial CLA study that these two isomers

had different effects on cardiac performance (i.e. in male rats c9,tfi cLA

decreased heart rate and tl},c12 CLA increased heart rate, while in female rats,
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c9,t71 cLA increased heart rate but tr},cr2 cLA had no effect), and thus

differences in single isomer effects on cardiac gene expression were also

anticipated' As shown in the Results section of this thesis, the type of isomer

did have an effect on cardiac gene expression. Since these effects are described

fully in the Results section, they will not be fufther discussed here.

In addition to the isomer examined, however, we were also interested in

the form of CLA used in the experimental diets. There were two reasons for

this: l) previous research with other LCPUFA has demonstrated that only the

fatty acid form has an effect on gene expression (pegorier et al., 200a); and 2)

while CLA from food sources is predominantly delivered in the triglyceride

form, CLA in commercially available supplements is in fatty acid form (Nagao

and Yanagita, 2005). Thus, if cLA does have cardiac effects that are form-

dependent, it is irnportant to determine the form that has the

beneficial/detrimental effect. our expermiments established that the form of

cLA consumed in rnale and femare rats had rittre difference in cardiac gene

expression, but clear differences in effect were seen on protein levels, (see

Table 6 for summary of these results).

The results of this study demonstrated that the cardiac effects of CLA

are both isomer- and form-dependent. Nonetheless, although both triglyceride

and fatty acid forms of cLA are evidently capabre of getting cLA isomers

incorporated into cardiac cells where they have an effect at the nuclear

transcription level, our results also suggest that gender is more inportant in
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determining the cardiac effects of cLA than are either isomer or fonn of cLA.
This interpretation is supported by the clear differences in cardiac gene

expression in response to dietary cLA in mare and femare rats (Figures 2_7),

in protein levels of sERCA2a and pLB (Figures g-9), and in calcium uptake

and release (Table 7).

B. CLA effects on cardiac gene expression

Dietary fat is an essential macronutrient in the diets of all animals, and it
provides a source of energy and hydrophobic components for biomolecules

(Jump and clarke,1996)- Beyond its irnportance as a macronutrient, dietary fat

has recently gained prominence for its role in regulating gene expression. The

current study provides evidence that dietary cLA affects the expression of
several genes that encode proteins involved in cardiac calcium homeostasis,

and demonstrates that these effects are different between genders. In male rats,

the most striking changes were observed in the effect of the mixed isomer cLA
in fatty acid form on the *RNA revers of SERCA2a, wherc levers almost

doubled' and in the effect of the tI},c12 single isomer on NCX, which showed

an elevation of almost 40%. In femare rats, the most notabre changes in

cardiac gene expression occurred in the tll,cl2 cLA group, where pLB

inRNA levels were reduced approximatery 30yo, and cse *RNA revers were

reduced by approximately 20%. Also, in female rats, L-type calcium channel
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mRNA levels were reduced by almost 30o/o lnboth the c9,tll CLA and fatty

acid mixed isomer dietary groups.

Research has demonstrated that PUFAs can affect gene expression

through various mechanisms, including changes in lnembrane composition

(clarke and Jump, 1994; Jump et ar., 2005), eicosanoid production (sampath

and Ntambi, 2005), and changes to intracellular calciuln levels (Xiao et al.,

1997; Honen et al-, 2003). Additionally, PUFAs and their various rnetabolites

can act at the nuclear level, working in conjunction with specific nuclear

receptors and transcription factors to affect the transcription of a number of
genes (Jump and crarke,r999; pégorier et ar.,2004). severar of these nucrear

receptors are present in cardiac myocytes, including the fatty acid sensitive

PPARs o, -B and -y (Braissantet at., 1996; Gilde et ar.,2003),and the RXR

(Clarke and Jump, 1996; Kahn and Vanden Heuvel, 2003). It is conceivable

that dietary CLAs act as ligands of the PPARs present in cardiac cells,

allowing them to dimerize with RXR and bind to DNA sequences on the

cardiac genes studied, thereby affecting transcription of those target genes.

This process has been described previousry for n-3 and n-6 fatty acids, which

have been shown to activate all three PPAR isofonns (Sampath and Ntarnbi,

2004; Tai et al., 2005). More importantly, it has been shown that various

PUFAs differ in their affinities for these receptors; rhis might explain the

differences in gene expression observed in our study, whereby cLA as a

dietary PUFA effected changes in gene expression that differed between
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lsomers as well as between fatty acid and triglyceride forms. The different

CLA isomers used in our study rnay also vary in their affìnities for the various

cardiac PPARs and RXRs, and thus they had different effects on transcription

of the various genes studied.

cLA has arso been shown to be a potent rigand for ppARa, (vanden

Heuvel, 2004), a nuclear receptor involved in the regulation of lipid transport

proteins, including fatty acid binding protein and acyr-coA binding protein, as

well as affecting genes involved in fatty acid transport. It is possible that CLA

may also have an indirect effect on cardiac gene expression by altering the

cellular transporl of other fatty acids important in the expression of the cardiac

genes studied' As activators of PPARB, CLA isorners may also indirectly

affect cardiac gene expression by altering the myocyte ripid environment

through changes to cellular lipid metabolism.

Researchers have reported that downregulation of gene expression by

fatty acids is restricted to fatty acids having >18 carbons and at least two

double bonds (clarke et al., lggT),whereas upregulation of gene expression is

independent of the degree of saturation of the carbon chain (pegorier et al.,

2004)' cLA contains l8 carbons and2 double bonds. It should be noted that

although much remains to be learned about the specific metabolism of CLA in

vívo, research has shown that cLA undergoes metabolic conversion by

elongation, desaturation and oxidation (Brugengraber et al., l97g; McGarry

and Foster, 1980; Neat et ar., r9g0; Nilsson et ar., r9g6;Flatmark et ar.,



1988; Fitzpatrick and Murph y, r9g9; Karara et ar.,l9g9; oliw, 1994; Goetzr et

al., 1995; Jump et ar., 1996; DuBois et ar., r99g; Leneuviile et ar., 1995;

Luthria et ql., 1996; Makita et ar., 1996). It is possibre, therefore, that the

metabolites of dietary cLA (i.e. their acyl-coA derivatives) are responsible

for the changes in gene expression observed in the curent study.

c- cLA effects on protein content of sERCA2a andphospholamban

sERCA2a plays a crucial role in calcium cycling and the beat-to-beat

function of the heart (Babu and Persiarny, 2005). cardiac muscle contraction

is initiated when ca2* enters the cell via the L-type ca2* channels and triggers

the release of a much larger amount of ca2* from the SR via the ryanodine

receptors' The free cytosolic ca2* concentration determines the extent of
muscle activation and regulates force development (i.e. +dp/dt). SERCA2a

pumps ca2* back into the SR and is therefore responsible for cardiac muscle

relaxation and for replenishing the ca2* stores needed for the next contraction

(schwinger et ql-, 1995; Dutta et ar., 2002; Babu and persiamy, 2005).

SERCA pump activity is regurated by the smail phosphoprotein

phospholamban, which, when in its unphosphorylated state, Iowers the affinity

of sERCA for ca2* (Simmennann and Jones, r99g). The sERCA pump is a

transrnembrane protein beronging to a family of proteins encoded by three

genes - sERCAr, sERcA2 md SERCA3, each with two isoforms, a and, b
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(Arai et al., 1994). SERCA2a is the primary isofonn expressed in the heart,

with lesser amounts of SERCAIa expressed as well (wu et al., 1995).

Although expression of SERCAIa was not exarnined in the current study,

expression of SERCA2a was studied. Results of this study showed significant

elevation in SERCA2a expression in rnale rats the fed cg,tllsingle isomer diet

(approximately 40% elevation), and mixed isomers in fatty acid fonn

(approxirnately 95Yo elevation). In females, one-way ANovA revealed no

signifìcant changes in SERCA2a expression as the result of dietary CLA

treatment.

As mentioned, PLB is a negative regulator of SERCA2a pump activity

(Li et a1.,2005)' Thus, a decrease in PLB gene expression may translate into

increased SR SERCA2a purnp activity, more efficient uptake of Ca2* into the

SR, and conceivably, irnproved LV contractile performance, particularly if
decreased PLB is accompanied by increased SERCA2a levels. Analyses in

this study show that in male rats, SERCA2a mRNA levels were elevated

significantly in the c9,tlr cLA and fatty acid mixed diet groups when

compared to male control (Figure 3). Exarnination of PLB mRNA in males

revealed a reduction in the fatty acid group compared to control (Figure 4). It

is possible, therefore, that in male rats, treatrnent with c9,tll CLA and fatty

acid mixed isomer CLA will increase LV contractile performance.

conversely, female rats had no significant changes in sERCA2a gene

expression in any of the dietary treatment groups, and only the rl 0,cr2 single



isomer diet resurted in reduced pLB gene expression (2g%reduction). Thus,

in female rats, it is possible that a slight improvement in LV contractile

function may occur with dietary tl),clz CLA.

However, it must be noted that elevation or reduction in gene expression

(i'e' mRNA levels) do not necessarily translate into functional changes of the

proteins for which the genes encode, as post-transcriptional events may

circumvent the effects of gene expression changes (Backs and orson , 2006).

For instance, an increased sERC A2a gene expression may not result in

increased levels of SERCA2a protein (Fu et at.,2004; Lehnnann et ar.,2002;

Menon et al'' 2005). Therefore, in order to assess whether the changes in the

expression of the SERCA2a and PLB genes observed in this project resulted in

changes in the amount of SERCA2a and. PLB proteins, western blot analysis

was performed to assess sERCA2a and pLB (unphosphorylated) protein

levels.

In comparing the results of the gene expression assays to those of the

western blot analyses, it is clear that changes in gene expression do not

correlate with protein levels of SERCA 2a or PLB. In males, the most striking

discrepancies with regard to sERCA2a arc seen in the singre isomer trl,cr|
cLA dietary group, where gene expression was unchanged (Figure 3), but

protein level of SERCA2a was reduced by almost 60% (Figure g), and in the

mixed isomer fatty acid diet, where gene expression was elevated almost 90%

(Figure 3), but protein revers were found to be reduced approxima tery 20%o



compared to control (Figure 8). In fernale rats, considerable dispcrepancies

were also seen' For instance, while there were no significant changes to

SERCA2a gene expression in any of the dietary groups as compared to female

control (Figure 3), westem blotting showed a significant reduction in

SERCA2a protein level in the c9,tll CLA and fatty acid mixed isomer dietary

groups (approximatery 50yo and 600/o,respectivery, Figure g).

substantial differences were also noted between pLB gene expression

and PLB protein levers. In mare rats, RT-pcR analysis showed that onry the

fatty acid mixed isotner dietary group led to a a significant reduction in pLB

gene expression (approximatery 20%o. Figure 4), but anarysis of pLB protein

levels showed significant reduction in the tll,c:2 cLA, fatty acid mixed

isomer and triglyceride mixed isomer dietary groups (approxim atery 30yo,7Syo

and 85o/o, respectively, Figure 9). As mentioned, in female rats only the

t10,c12 single isomer diet resulted in significant changes in pLB gene

expression (approxim ate 29o/o reduction, Figure 4). However, western brot

analysis demonstrated a significant reduction in pLB protein levels for all

dietary groups cornpared to control (Figure 9).

while we cannot fuily exprain the reason for these discrepancies, a

review of existing literature offers some interesting data that may shed some

light on this inconsistency. In two transgenic studies of independent mouse

lines, sERCA2a was overexpressed 1.2-ford (He et ar., rggT) and r.S_ford

(Baker et al., 1998). The researchers reported that despite much higher *RNA
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Ievels for sERCA2a (2.6-ford and g-ford, respectively), the increase in

sERCA2a protein level was only rnodestly elevated above normal endogenous

expression' Although there is as yet no concrete explanation for this

phenomenon, it has been speculated that: l) there may be competition between

the exogenous and the endogenous protein, and 2) there are powerfur post-

transcriptional mechanisms working to maintain a level of SERCA within a

specific physiological range (Perìasamy and Huke, 2001). Another study

examined transgenic rnice expressing sERCAla (Ji et al., lggg). These

researchers found that overexpression of this pulxp increased SERCA levels

2.5-fold, and hemodynamic pararneters were en_hanced, but only srightly.

Furthermore, the expression of SERCAIa led to a 50o/o downregulation of the

SERCA2a pump, suggesting a cornpetition of SERCA2a and la for functional

sites in the SR.

Schwinger et al (1995) exarnined protein levels of SERCA2a and pLB

in patients with dilated cardiornyopathy. Their analyses indicate that protein

Ievels rnay be regulated independent of the encoding rnRNA levels, and

therefore mRNA levels cannot be assumed to be a certain predictor of protein

content or even of function. According to schwin ger et at (1995) these

differences may be related to 'RNA processing, *RNA transration,

posttranslational modifications, and rates of protein slmthesis and degradation.

Clarke and Jump (1994) demonstrated rhat dietary pUFA can inhibit

transcription of genes, possibry by regurating the phosphorylation state of
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specific transcription factors. Although it is not possible to defìnitively explain

the discrepancy observed between gene expression of SERCA 2a and,plB and

their respective protein levels, it is possible that dietary cLA acted by one or

lnore of the mechanisms outlined above and thus affected protein levels of both

SERCA2a and pLB.

D. Effect of cLA on sR ca2* uptake and rerease

The final goal of this study was to assess the functional changes, if any,

that resulted from dietary cLA treatment. Just as changes in gene expression

may not result in matching changes in levels of the protein for which that gene

encodes, it is also possible that changes in gene expression and/or protein

levels may not equate to increased functionality of a particular protein. This

could be due to post-translational effects, where proteins rnay be produced, but

where post-transcriptional and/or post-translational modifications may occur

that render the protein non-functional (Bendig, lggg; Blanchong et al.,2001;

Kaufman, 1990).

As rnentioned, the sarco(endo)prasmic reticulum ca2nATpase pump

plays a pivotal role in calcium cycling and the beat-to-beat function of the

heart (Babu and persiamy, 2005) . ca2* uptake is regurated by several factors,

but essentially it is controlled mainly by sERCA2a. conversel y, ca2* release

is controlled by the ryanodine receptor. This study examined the activity of
ca2* uptake and release using an adaptation of Hawkins et al. (lgg4).
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Triplicate trials revealed a trend for all forms of dietary cLA to reduce ca2*

release in male rats, and either a decrease or no change in Ca2* uptake and Ca2*

release in female rats. several observations from studies of dietary puFAs

may explain the results obtained in our sfudy. (The malority of these studies

have looked at the antiarrhythmic effects of pUFAs in Ca2*-overloaded hearts,

but their findings are arso germaine to our study). Negretti et at. (2000) rooked

at the inhibition of SR function by PUFAs in rat ventricular muscle. Among

their key findings were the foilowing: l) puFAs had a negative inotropic

effect, due entirely to inhibition of the L-type calcium current. This translates

to srnaller amounts of ca2* entering the rnyocyte to trigger ca2*-induced ca2*

release from the RyR; 2) PUFAs reduce the availability of calcium for uptake;

3) PUFAs inhibit the rerease mechanism of the sR (i.e. RyR rerease of cur* ),
and 4) PUFAs increase sR content of ca2*. This would mean that, with more

ca2* held in the sR, Iess would be made avairabre for ca2* rerease, and as a

result, less would arso be availabre for the sERCA2a pump to pulr back into

the sR following ventricular systole (hence a decrease in ca2* uptake and/or

ca2n telease)' In a more recent study, swan et at. (2003) demonstrated that the

LCPUFA eicosapentanoic acid caused a reduction in po, the RyR open

probability (i.e. eicosapentanoic acid increased the mean closed time of RyR

channels and reduced mean opened times of the channers). Logicaily, if the

channels are open for shorter periods of time, measurements of Ca2* release

would show that this function is decreased. Swan et al. (2003) also postulates
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that PUFAS may also interact more locally with the RyR channel complex

itself to cause a reduction in the sensitivity of the complex to cytosol ic ca2*

Ievels produced by the L-type calcium channels.

It is true that the rnechanistns by which PuFAs reduce excitability of
cardiac cells and inhibit ca2* release are poorly understood, and it is currently

unknown whether PUFAs interact directly and selectively with certain

channels to modify function, whether they crrange the properties of ce¡

membranes and indirectly rnodify channel behaviour, or whether they activate

intracellular pathways to produce the effects on SR Ca2* uptake and release. It
is possible that the inhibitory effect on sR ca2* uptake and ca2* release by

cLA observed in our study courd have been produced by rnore than one

mechanisrn.

E. cLA: Potentiar therapeutic agent for heart disease?

cardiovascular disease accounts for the death of more canadians than

any other disease (Heart and stroke Foundation,2006). In2002,the latest year

for which Statistics canada has data, cardiovascular disease accounted for

74,626 canadian dearhs (statistics canad.a, 2004). During the past five years,

death rates from heart fairure have more than doubred; currently 500,000

individuals in canada are living with heart failure, and 50,000 more people

will be diagnosed with it every year (Heart and Stroke Foundatio n, 2006).

Heart failure is diffìcult to define because it more than simply an inability of
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the heart to pump brood; rather, it is the fìnar common pathway for numerous

cellular and rnolecular defects caused by rnany instigating factors (Dhalla et
a|.,2000; Cox et at.,2005).

Recent progress in lnolecular cardiology makes it possible to envision a
new therapeutic approach to heart failure, particurarly through targeting key
molecules invorved in intraceturar ca2n handling, incruding sERCA2a, RyR
and PLB. Heart fairure is an attractive candidate for gene therapy, since a

number of protein targets have been identified as defective or functionally
irnpaired during progression to end-stage heart fairure (Hajjar et ar., rggT). A
number of recent studies have focused on restoring SERCA2a pump activity,

as a decrease in sERCA2a expression and/or activity seems to be a major
defect that is pivotal in the irnpaired function of the failing heart (schwinger er

al., 1995; Dutta et al., 2002;Lowes et a|.,2002).

one of the initiar hypotheses of this study was that dietary cLA wourd

increase the expression of several of the genes encoding for proteins involved

in cardiac calciurn homeostasis, particurarry SER cA2a. This research has

demonstrated that dietary cLA does have an effect on the expression of these

genes' However, the changes observed in the expression of these cardiac genes

do not translate into comesponding changes in protein revels, nor do they
correlate directly with analyses of SR Ca2* uptake and release activities. Thus,

even though significant increases were observed for sERCA2a expression in
male rats fed the c9,trI singre cLA isomer and the fatty acid mixture of cLA
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isomers, these changes did not result in identifiable functional increases in

SERCA2a protein levels. In female rats, none of the dietary CLA treatments

had any discernable effect on SERCA2a expression, but SERCA2a protein was

reduced in the c9,tlr cLA and fatty acid mix groups. Nonetheress, it was

evident that CLA rnay have antiarrhythrnic effects similar to those observed in

the LCPUFA eicosapentanoic acid, as evidenced by both the hemodynamic

measurements in our previous study (i.e. decreased inotropic response in male

rats fed c9,tl1, FA rnix and TG rnix), as well as the decreased ca2* release

observed in all treatment groups in rnares rats, and in the c9,trr cLA, trl,cr2

cLA, and rG mix groups in female rats. perhaps then, cLA has potential to

be an effective agent for the arrhythmic problerns coÍrmon to post-ischernic

events, rather than the potential to be an accessory agent for gene therapy in

heart failure.
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VIII. CONCLUSIONS

1' CLA affects expression of genes encoding proteins responsible for

cardiac calcium homeostasis in both male and female rats. The effects

of cLA on cardiac gene expression differ between genders.

2. The changes to gene expression are isomer specific and appear to be

dependent upon the fonn of cLA, i.e. fatty acid vs. triglyceride.

3' SERCA2a and phospholamban gene expression did not correlate with

sERCA2a or phospholamban protein levels in either male or femare

rats, suggesting that post-transcriptional or translational changes are

occurring in response to dietary CLA.

4. while c9,tll cLA, tl},cl2 cLA and the fatty acid mixture of cLA

sigrrificantly increased the expression of SERCA 2a, further studies with

an appropriate model are required to determine if cLA might serve as

an adjunct agent to gene-therapy in the treatment of heart failure.

5. supplementation with alr forms of dietary cLA depressed carcium

release activities in mare rats, but only the c9,tll cLA, tl},cl2 cLA

and triglyceride mix reduced calcium release in female rats.

6' It is possible that CLA may serve as an anti-arrhythmic agent sirnilar to

other LCPUFA, and thus may have a rore in the treatment of post-

ischemic anhythmic events.
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IX. SUMMARY OF MAJOR FINDINGS

Figure 10: calcium movement within the cardiomyocyte: Effects of
dietary CLA in male rats
Atbreviations: L-Type : L-type carcium channels; RyR: ryanodine receptors; cse : calsequestrìn;
PLB : phospholamban; SERCA2a: sarco(endo)plasmic reiiculum ATpase pump 2a;NCX : sodium-
calcium exchanger. Alrows for Ca2* uptake and Òa2* release indicate sarcopsmic reticulum
management of myocyte calcium homeostasis via uptake of Ca2* by SERAia and Ca2* release by RyR.

Summary of major findings in male rats:

l. c9,tll CLA, tl},clz CLA and fatty acid mix increased gene expression

of SERCA2a 40o/o, lTYo and 95% respectively.

2. Protein levels of SERCA2a for these groups were not consistent with

gene expression - Protein levels for these same groups were: c9,tll

increase 102%0, tl},clz cLA decrease 60yo, fatty acid mix decrease

23%. This indicates that cLA, as a puFA , ffi'y have post-

transcriptional effects or may be affecting protein enzwesystems
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involved in protein synthesis. carcium rerease decreased for ail dietary

groups in males.
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Figure 11: calcium movement within the cardiomyocyte: Effects of
dietary CLA in female rats
Abbreviations: L-Type = L-type calcium channels; RyR : ryanodine receptors; CSe : calsequestrin;
PLB : phospholamban; SERCA2a: sarco(endo)plasmic reiiculum ATpase pump 2a; NCX : sodium-
calcium exchanger. A¡rows lor Ca2* uptake and òa2* release indicate sarcopsmic reticulum
management of myocyte calcium homeostasis via uptake of Ca2* by SERAáa and Ca2* ,"llur" by RyR.

Summary of major findings in female rats:

I . There was no observed dietary effect of cLA on levels of SERCA2a

gene expression.

2. Protein levels of SERCA2a in females were not consistent with gene

expression - protein levels decreased 49% inthe c9,tll cLA dietary

group' decreased 58o/o in fatty acid mixture. This indicates that CLA, as

a PUFA, may have post-transcriptional effects or may be affecting

protein enzyrne systems involved in protein synthesis.
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3. calcium uptake decreased in tl),cl2 and, fatty acidrnix diets, but was

unchanged in c9,tl l and triglyceride diets. calcium release decreased

in all diets except for the fatty acid,diet, where release was unchanged.
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X. FUTURE DIRECTIONS

1' Our study has demonstrated that CLA affects cardiac gene expression in

a healthy animal model. It is possible that the effects of cLA may be

more pronounced when an animal is exposed to the stress of calcium

overload; therefore, future studies should look at the effects of dietary

cLA on myocytes frorn failing hearts, or the effect of dietary cLA

treatment in animals where heart failure has been surgically_induced.

2. our study examined the effects of cLA at a singre time point. Future

research should also look at the transition in changes of cardiac gene

expression over time in order to better understand: 1) How long it takes

for cLA to have an effect on cardiac gene expression; 2) If the changes

in cardiac gene expression are transient onry, (i.e. whether they have a

maximum effect then decline); 3) If continued cLA supplementation

rnight have adverse effects on cardiac gene expression.

3. our study used a single, sustained dose of cLA. Future studies should

examine possible dose-dependent rerationships of cLA on cardiac gene

expression in order to: 1) Establish an upper and lower limit for cLA

intake in regard to the health of the heart in both genders; 2) Evaluate

any toxicological effects of CLA on cardiac health. This is important as

it is still unclear at present to what extent CLA's effects on cardiac gene

expression may become detrimental.
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4' Future studies should establish whether there are sex-related differences

in the activity of other calcium-handling proteins, whether these

differences are rnediated by sex hormones, (including the genes in our

study), and whether these differences are important with regard to the

effect of CLA on cardiac function.
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XI. LIMITATIONS

1' This study examined only the genes and proteins involved in cardiac

calciurn homeostasis, but did not examine cytosoric or sR calcium

levels in response to CLA treatment.

2' This study is limited because it addresses only differences in mRNA

gene expression and protein abundance in select locations.

3 ' our study looked at healthy animals, and thus it is not possibre to know

how cLA might act as an agent in the treatment of existing heart

disease.

4. The study design could have been improved so that more powerful

conclusions could be drawn from the data. For instance, pcR and gel

electrophoresis trials were run separatery for male and female samples,

and therefore 2-way ANovA courd not be used to fully compare gender 
.. 

.

responses to cLA treatment. Additionally, no baseline measurements

were made, and thus it is more difficult to define the magnitude of the

changes observed for all groups.

5. This study courd have examined the phosphorylation state of
phospholamban to elucidate its regulation of SERCA2a pump activity.
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XII. STUDY STRENGTHS AI.{D CONTRIBUTIONS

1. This study examined both the effects of isomer and form of cLA on

cardiac gene expression, levers of cardiac proteins, and cardiac calcium

uptake and release in mare and female rats, and has provided valuabre

infonnation in regard to the effects of dietary cLA in cardiac gene

expression, protein translation, and cardiac calcium homeostasis.

2. This study demonstrated that cLA does have cardiac effects at the

cellular level, and that these effects differ between genders.

3 ' The results of this study have provided initial data indicating that dietary

cLA is not a potential adjunctive agent to gene therapy for progressive

heart failure, but does have potential as an antiarrhythmic agent for use

in treatment of post-ischemic cardiac events.

1t3



XIII. REFERENCES

Akohashi A, Goto Y, Murao K et al. conjugated linoleic acid reduces body

fats and cytokine levels of mice. Biosci. Bíotech. Biochem. 66(4):916-920,

2002.

Alasnier c, Berdeaux o, chardigny JM, and Sebedio JL. Fatty acid

composition and conjugated linoleic acid content of different tissues in rats fed

individual conjugated linoleic acid isorners given as triacylglycerols. J. Nutr.

B io c hem. 1 3 :337 -3 45, 2002.

Allrnan DW, Gibson DM. Fafty acid synthesis during early linoleic acid

deficiency in the mouse. J. Lipid Res. 79:51_62,1965.

Arai M, Matsui H, Periasamy M. Sarcoendoplasmic reticulum gene expression

in cardiac hypertrophy and heart failure. circ. Res. 74:555-564,1gg4.

Asakawa M' Takano H, Nagai T et al. Peroxisome proliferator-activated . . .

receptor gamma plays a critical role in inhibition of cardiac hypertrophy in

vitro and in vivo. Circulation 105: I 240-1246,2002.

Asemu G, Tappia PS and Dhalla NS. Identification of the changes in

phospholipase c isozymes in ischemic reperfused hearts. Arch. Biochem.

B iophys. 41 I :17 4- 182, 2003 .

Atkinson RL. conjugated linoleic acid for altering body composition and

treating obesity. In: YucaweczMp,Mossoba MM, Kramer JKG, parizaMw,

tt4



Nelson GJ, editors. Advances in conjugated linoleíc acid research, vol I.

Charnpaign (IL): AOCS press; tggg.p. 34g_353.

Azain MJ, Hausman DB, Sisk MB et al. Dietary conjugated linoleic acid

reduces rat adipose tissue cell size rather than cell number. J. Nutr. 130:154g-

1554,2000.

Babu GJ' Periasarny M. Transgenic mouse models for cardiac dysfunction by

a specif,rc gene manipulation. rn: z. sun, editor. Molecular cardiology:

Methods and Protocols, vol I2. Totowa (NJ): Humana press Inc., 2005. p.

365-377.

Backs J, olson EN. contror of cardiac growth by histone

acetylation/dacetylation. circ.Res. 9g(r ):r5-24, 2006.

Baker DL, Grupp IL, Ji y et al. Targeted overexpression of the sarcoplasmic

reticulum Ca2* ATPase increases cardiac contractility in transgenic mouse

hearts. Circ. Res. 83.205-214, lggg.

Banni S, Day BW, Evans RW et al. Detection of conjugated diene isomers of

linoleic acid in liver lipids of rats fed a choline-devoid diet indicates that the

diet does not cause lipoperoxidation. J. Nutr. Biochem. 6:2gl_2g9,1gg5.

Banni S, Carta G, AngioniE etøl. Distribution of conjugated linoleic acid and

metabolites in different lipid fractions in the rat liver. J. Lipid Res. 42:1056-

1061,2001.

Ban¡i s. conjugated rinoleic acid metabolism . curr. opin. Lipidor. 13:26r_

266,2002.

11s



Banni S, Petroni A, Blasevich M et al. Detection of conjugated Cl6 pUFAs in

rat tisues as possible partial beta-oxidation products of nafurally occurring

conjugated linoleic acid and its metabolites. Biochem. Biophys. Acta.

1682:120-l2i ,2004.

Banni s, Petroni A, Blasevich M et al. conjugated linoleic acids (cLA) as

precursors of a distinct farnily of puFA. Lipids 39:1143_1146,2004.

Bartling B, Miiting H, schumam H et al. Myocardial gene expression of

regulators of myocyte apoptosis and myocyte calcium homeostasis during

hemodynamic unloading by ventricular assist devices in patients with end-

stage heart failure. circulation 100(19 suppl):I1216-11223, lggg.

Bassani JW, Bassani RA, Bers DM. Relaxation in rabbit and rat cardiac cells:

species-dependent differences in cellular mechanisms. -/. physíol. (Lond).

476(2):279-293, 1994,

Bassaganya-Riera J, Hontecillas R, zimmerman DR et al. Dietary conjugated

linoleic acid modulates phenotype and effector functions of porcine cDg(+)

lymphocytes. -/. Nutr. l3|:2370-2j77 ,2001.

Belury MA, Kernpa-Steczko A. conjugated linoleic acid modulates hepatic

lipid composirion in mice. Lipíds 32:199_204,1997.

Belury MA' Inhibition of carcinogenesis by conjugated linoleic acid: potential

mechanisms of action . J. Nutr. r32(r0):29g5-2ggg,2002.

Bendig MM. The production of foreign proteins in mammalian cells. Genet.

Eng. 7:91-127,1988.

1t6



Berne RM. Adenosine : a cardioporotective and therapeutic agent.

Cardiovasc. Res. 27 (l):2-6, lgg3.

Bers DM' Ca2* transport during contraction and relaxation in marnmalian

ventricular muscle. In: Alterations of excitation-contraction coupling in the

failing huntan heart. Hasenfuss G, Just H Editors, springer-verrag, New

York. 1998, p.1-16.

Billman GE, Hallaq H, Leaf A. Prevention of ischemia-induced ventricular

fibrillation by ornega 3 fatty acids. proc. Natl. Acad. sci. usA. 9l(10):4a27_

4430, tgg4.

Blanchong cA, chung EK, Rupert KL et al. Genetrc, structural and functional

diversities of hurnan complement components of c4A and c4B and their

tlrouse homologues, Slp andc4. Int. Immunopharmacol. l(3):365_3 92,2001.

Blankson H, Stakkestad JA, Fagerfun H et al. Conjugated linoelic acid educes

body fat mass in overweight and obese humans. J. Nutr. 130:2943_294g

2000.

Bodi I, Mikala G, Koch sE et al. The L-type calcium charurel in the heart: the

beat goes on. -/. Clín. Invest. 115(12):3306_3317,2005.

Borderwick u, Hesse M, BorchersT et al. compartmentation of hepatic fatty

acid binding protein in liver cells and its effect on microsomal phosphatidic

acid biosynthesis. Biol. Chem. 3j0:229_23g, lggg.

n7



Braissant O, Foufelle F, Scotto C et al. Differential expression of peroxisome

proliferator-activated receptors (PPARs) : tissue distribution of ppAR-alha, -

beta, and -gamma in the adult rat. Endocrirology 137:354-366,1996.

Brun RP, spiegelman BM. ppAR gamma and the molecular control of

adipogenesis. I Endocrínol. 155(2):217_219, lgg7.

Brunengraber H, Boutry M, Lowenstein JM. Fatty acid 3-hydroxysterol and

ketone synthesis in perfused rat liver. Effects of (-)-hydroxycitrate and oleate.

Eur. J. Biochem. 82:373-384,1979.

carta G, Angioni E, Mumr E et al. Modulation of lipid metabolism and

vitamin A by conjugared linoleic acid,. prost. Leuk. EFA. 67(2-3):lg7_19l,

2002.

Cawood P, Wickens DG, Iverson SA el al. Thenature of diene conjugation in

hurnan serum, bile and duodenar juice. FEBS Lett. 162:239-24i,1gg3. 
.

Changhua L Jindong Y, Defa L et al. Conjgated linoleic acid attenuates the

production and gene expression of proinflamrnatory cytokines in weaned pigs

challenged by lipopolysaccharide. J. l\rutr. 135 :239-244,2005.

cheema KK, Dent MR, saini HK et al. prenatal exposure to maternal

undernutrition induces adult cardiac dysfunction. Br. J. Nutr. 93(4):471_477,

2005.

chin sF, Liu w, storkson JM et al.Dietary sources of conjugated dienoic

isomers of linoleic acid, a newly recognized class of anticarcinogens. -/. Food.

Comp. Anal. 5: I 85-1 97, 1992.

118



Chin SF, Storkson JM, Albright KJ et at. Conjugated linoleic acid is a growth

factor for rats as shown by enhanced weight gain and improved feed

efficiency. J. Nutr. 124:2344-2349, lgg4.

cho HJ, Kim wK, KimEJ et at. conjugated linoleic acid inhibits cell

proliferation and ErbB3 signaling inHT-29 human colon cell line. Am. J.

Physiol. Gastrointest. Liver physiot. 2g4:G996-G1005, 2003.

cho HJ, Lee HS, chung cK et ar. Trans-r0, cis- l2 conjugated linoleic acid

reduces insulin-like growth factor-Il secretion inHT-29 human colon cancer

cells. J. Med. Food. 6:193-199,2003.

Chujo H, Yamasaki M, Nou S et al. Effect of conjugated linoleic acid isomers

on growth factor-induced proliferation of human breast cancer cells. Cancer

Lett. 202:81-87,2003.

clarke sD, Jump DB. Dietary polyunsaturated fatty acid r.e.gulation of gene

transcription. Annu. Rev. Nutr. l4:83-9g, lgg4.

clarke sD, Jump DB. polyunsaturated fatty acid regulation of hepatic gene

transcription. I l{utr. 1261105S-l 109S, 1996.

clarke sD, Baillie R, Jump D, Nakamura MT. Fatty acid regulation of gene

expression. Its role in fuel partitioning and insulin resistance . Ann. Rev. N. y.

Acad. Sci. 827 :178-187, 1997 .

claudel r, Leibowitz MB, Fievet c et al. Reduction of atherosclerosis in

apolipoprotein E knockout mice by activation of the retinoid X recepto r. proc.

Natl. Acad. Sci. USA. 98.2610-2615,2001.

119



Coleman RA, Lwein TM, Muoio DM. Physiological and nutritional regulation

of enzyrnes in triacyglycerol synthesis. Anru. Rev. Nutr. 20:77-103, 2000.

Cotton JM, Keamey MT, MacCarthy PA et at. Effects ofnitric oxide synthase

inhibition on basal function and the force-frequency relationship in the normal

and failing human heart in vivo. circulation 104(9) :231g-2323,2001 .

cox JL, Ramer SA, Lee DS e/ al.,pharmacological treatment of conjestive

heart failure in Canada : a desription of care in five provinces. Can. J. physiot.

21():337 -343, 2005.

deJonge HW, Dekkers DH, Bastiaanse EM, et al. Eicosapentanoic acid

incorporation in membrane phospholipids modulates receptor-mediated

phospholipase C and membrane fluidity in rat ventricular myocytes in culture.

J. MoL Cell. Cardiol. 28:1097-1108, 1996.

delMonte F, Lebeche D, Guerrero JL, et al. Aþqogation of ventricular

anh¡hmias in a model of ischemia and reperfusion by targeting myocardial

alcium cycling. Proc. Natl. Acad. sci. usA. l3(l0l) :5622-5627,2004.

Dent MR, Dhalla NS, Tappia pS. phospholipase c gene expression, protein

content, and activities in cardiac hypertrophy and heart failure due to volume

overload. Am. J- Physiot. Heart circ. physiot.2gT:H7lg-H727,2004.

Desvergne B, Wahli W. Peroxisome proliferator-activated receptors: nuclear

control of metabolism. Endocrin. Rev. 20:649-6gg, lggg.

120



DeWille JW, Farmer SJ. Linoleic acid controls neonatal tissue-specific

stearoyl coA desaturase mRNA revers. Biochem. Biophys. Acta. ll70:29r_

295, tgg3.

Dhalla NS, Pierce GN, panagiay et ar. calciummovements in relation to

heaft function. Basic Res. cardíor. 77(2):rr7-r3g, rgg2.

Dhalla NS, Temsah RM, Netticadan T, sandhu MS. Intracellular calcium

overload: a critical factor in ischemia-reperfusion injury. rn: Heart physiology

and Pathophysiology. sperelakis N et ar Editors, Academic press, san Diego.

2000a:949-965.

Dhalla NS, Temsah RM, Netticadan T. Rore of oxidative stress in

cardiovascular diseases. -/. Hypertens. 1g(6):65 5_673,2000b.

Dhalla NS, Temsah RM. sarcoplasmic reticulum and cardiac oxidative stress:

an emerging target for heart disease. Emerg. Therap..TTrgets. 5(2):205_217,

2001.

DuBois RN, Abramson sB, crofford L et ar. cycrooxygenase in biology and

disease. FASEB J. 12:1063_1073, lggg.

Dutta K, carmody Mw, cala sE, Davidoff AJ. Depressed pKA activity

contributes to impaired sERCA function and is linked to the pathogenesis of
glucose-induced cardiomyopathy. J. Mol. celt cardíol. 34:9g5_996, 2002.

Ens JG, Ma DW, cole KS et al. Anassessment of c9, tl l linoleic acid intake

in a small group of young canadians . Nutr. Res. 2l(7):955-960 ,200r.

121



Escher P, Wahli 'W. 
Peroxisome proliferator-activated receptors: insight into

multiple cellular functions. Mutat. Res. 44g:l2!-13g, 2000.

Eucker sA, Lisauskas JB, Singh J, Kovaks sJ. phase plane analysis of left

ventricular hemodynamics. J. Appt. physior. 90:223g-2244, 200r.

Fa M, Diana A, carta G et ar. Incorporation and metaborism of c9,tl l and

tl0,c12 conjugated linoleic acid (CLA) isorners in rat brain. Biochim. Biophys.

Acta. 1736:61 -66, 2005.

Fabiato A' Calcium-induced release of calcium from the cardiac sarcoplasmic

reticulum. Am. J. physiot. 245(l):CI_C14, 19g3.

Fitzpatrick FA, Murphy RC. Cytochrome P-450 metabolisr¡ of arachidonic

acid: formation and biological actions of "epoxygenase"-derived eicosanoids.

Pharmacol. Rev. 40:229-241, I 9g9.

Flatmark , Nilsson A, Kvannes J et *: g"the mechanism of induction of the

enzyme systems for peroxisomal-oxidation of fatty acids in rat liver by diets

rich in partially hydrogenated fish oil. Biochim. Biophys. Acta. 962:122_130,

1 988.

Flesch M, Schwinger RH, Schiffer F et al. Evidence for functional relevance

of an enhanced expression of the Na*-ca2* exchanger in failing human

tnyocardium. Circulatíon 94:992_1002, 1996.

Fleckenstein A' Specific inhibitors and promoters of calcium action in the

excitation-contraction coupling of heart muscle and their role in the prevention

122



or production of myocardial lesions. rn: calcíum and the Heart. Harris p,

Opie L, Editors, Academic press, New york. 1g7l:135_lgg.

Fritsche J, Rickert R, Steilhart H. Formation, contents, and estimation of daily

intake of conjugated linoleic acid isorners and trans-fatty acids in foods. In:

Yucawecz MP, Mossoba MM, Kramer JKG, parizaMw, Nelson GJ, Editors.

Advarces in conjugated línoleic acid research, vol L champaign (IL): Aocs

Press; 1999. p. 37 8-396.

Fu M, wang c, zhang X, pestelr RG. Acetyration of nucelar receptors in

cellular growth and apoptosis. Biochem. phramacol. 6g(6):l199_1 20g,2004.

Gerschman R, Gilbert DL, Nye sw et ar. oxygen poisoning and X-

irradiation: a mechanism in corrunon. science 119(3097) :623-6,1954.

Gilde AJ, van der Lee KA, wilemsen pH et a/. peroxisome proliferator_

activated receptor (ppAR) alphp and ppAR beta/delta, but not ppAR gaûrma,

modulate the expression of genes involved in cardiac lipid metabolism . Circ.

Res. 95:218-224,2003.

Go Lo, Moschella MC, watras I et al. Differential regulation of two types of

intracellular calcium release channels during end-stage heart failure. J. Ctin.

Invest. 95 :8 88-89 4, 1995.

Goetzl EJ, An s, smith wL. specificity of expression and effects of

eicosanoid mediators in normal physiology and human diseases. FASEB J.

9:1051-1058,1995.

123



Gossett RE, Frolov AA, Roths JB et at. Acyl-coA binding proteins:

rnultiplicity and function. Lipids 3l:g5_91g, 1996.

Gottlicher M, widmark E, Li e, Gustafson JA. Fatty acids activate a chimera

of the clofibric acid-activated receptor and the glucocorticoid receptor. proc.

Natl. Acad. Sci. USA. 89:4653-4651, lgg2.

Griinari JM, Bauman DE. Biosynthesis of conjugated linoleic acid and its

incorporation into meat and milk in ruminants. In: yucaweczMp, Mossoba

MM, Kramer JKG, ParizaMw, Nelson GJ, editor s. Advances in conjugated

linoleic acid research, vol1. champaign (IL): Aocs press; lggg.p. lg0_200.

Griinari JM, Corl BA, Lacy SH ¿r al. Conjugated linoleic acid is slmthesized

endogenously in lactating dairy cows by Delta(9)-desaturase. I Nutr.2000;

130:2285-2291.

Grinna LS. Age related changes in 
-tþe lipids of the microsomal and the

mitochondrial membranes of rat liver and kidney. Mech. Ageíng Dev.6(3):197-

205,1977.

Gwathmey JK, Copelas L, MacKinnon R et al. Abnormal intracellular calcium

handling in mycocardium from patients with end-stage heart failure. Circ. Res.

6l(1):70-7 6, 1987 .

Gwathmey JK, Hajjar RJ. Relation between steady-state force and intracellular

lCu'*l in intact human myocardium. Index of myofibrillar responsiveness to

Ca2*. Circulation 82(4):1266-12:lg, lgg0.

124



Gwathmey JK, Morgan JP. Sarcoplasmic reticulum calcium mobilization in

right ventricular pressure-overload hypertrophy in the ferret: relationships to

diastolic dysfunction and a negative treppe. pflugers Arch. a22$):599-60g,

1993.

Ha YL, Grimm NK, Pariza MW. Anticarcinogens from fried ground beef:

heat-altered derivatives of linoleic acid. Carcinogenesis 8(12):1881-1887,

1987.

Ha YL, Storkson J,ParizaMw. Inhibition of benzo(a)pyrene-induced mouse

forestomach neoplasia by conjugated dienoic derivatives of linoleic acid.

Cancer Res. 50(4):1097-1 100, 1990.

Hajjar RJ, Kang JX, Gwathmey JK, Rosenzweig A. physiological effects of

adenoviral gene transfer of sarcoplasmic reticulum calcium ATPase in isolated

rat myocytes. Circulation 95(2):423-411, 1997.

Harrison K, cawood P, Iverson A, Dormandy T. Diene conjugation patterns in

normal human serum. Life Chem. R"p. j:41-44,19g5.

Hawkins c, Xu A, Narayanan N. sarcoplasmic reticulum calcium pump in

cardiac and slow twitch skeletal muscle but not fast twitch skeletal muscle

undergoes phosphorylation by endogenous and exogenous ca2+ I calmodulin-

dependent protein kinase. Characterizationof optimal conditions for calcium

pump phsophorylation. J. BioL chent. 269(49):3l l9g-3 1206,1gg4.

He H, Giordano FJ, Hilal-Dandan R et al. overexpression of the rat

sarcoplasmic reticulum ca2*-ATpase gene in the heart of transgenic mice

125



accelerates calcium transients and cardiac relaxatio n. J. ctin. Invest.

100(2):380-389, 1997 .

Heart and Stroke Foundation. Incidence of Cardiovascular Disease. Accessed

January 4, 20 0 6 at http : I I w w 2 .heartandstroke. c a.

Hebra JD, Hackler L. HemodynamÌcs for the Bedside Nurse. Nursing

Spectrurn. Accessed March l, 2006 at htrp: I lwww2.nursingspectrum.com.

Hihi AK, Michalik L, Wahli w. PPARs: transcriptional effectors of fatty acids

and their derivatives. cell Mot. Life sci. 59:790-79g,2002.

Hirsch D, Stahl A, Lodish HF. A family of fatty acid transporters conserved

from mycobacterium to man. proc. Natl. Acacl. sci. usA. 95:g625_g629

1998.

Honen BN, Saint DA, Laver DR. Suppression of calcium sparks in rat

ventricular myocytes and direct inhibition gf sheep cardiac RyR chammels by

EPA, DHA and oleic acid,. J. Membrane Bior. 196:95-103, 2003.

Honkakoski P, Negishi M. Regulation of cytochrome p450 (cyp) genes by

nuclear receptors. Biochem. J. 347:321_337,2000.

Hui TY, Bernlohr DA. Fatty acid transporters in animal cells. Front. Biosci.

l5:D222-D231, 1997 .

Ijpenberg A, Jeannin E, wahli w, Desvergne B. porarity and specific

sequence requirements of peroxisome proli ferator- activated receptor

(PPAR)/retinoid X receptor hetrodimer binding to DNA. A functional analysis

126



of the malic enzc:t¡le gene PPAR response element. J. Biol. Chem. 272:2010g-

20117, tgg7.

Inoue N, Nagao K, Hirata J et ar. conjugated linoleic acid prevents the

developrnent of essential hypertension in spontaneously hypertensive rats.

Bíochem. Biophys. Res. Commun. 323:679-6g4, 2004.

Iverson SA, Cawood P, Madigan MJ et al. ldentiftcation of diene conjugated

component of human lipid as octadeca-9,11-dienoic acid. FEBS Lett.

171:320-324, 1984.

Jeffcoat R, James AT. The control of steroyl-coA desaturase by dietary

linoleic acid. FEBS Lett. 85:l l4-11g, 197g.

Ji Y, Loukianov T, Jones LR, persiasamy M. sERCAla can functionally

substitute for sERCA2ainthe hearr. Am. J. physiot. 276(l):Hg9_H97 ,lggg.
Jiang J, wolk A, vessby B. Relation between {he intake of milk fat and the

occunence of conjugated linoleic acid in human adipose tissue. Am. J. ctin.

Nutr. 7 0(l):21 -7, 1999.

Jorgensen Ao, Shen AC, Daly p, Maclennan DH. Localization of caz* Mg2*_

ATPase of the sarcoplasmic reticulum in adult rat papiilary muscle. J. cett

Biol. 93(3):883-892, t992.

Jump DB, clarke SD, Thelen A et al. Dietary polyunsaturated fatty acid

regulation of gene transcripti on. prog. Lipid Res. 35:227-241,1996

Jump DB, clarke SD. Regulation of Gene Expression by Dietary Fat. Annu.

Rev. Nutr. 19:63-90, 1999.

127



Jump DB, Botolin D, wangy et at. Fatfy acid regulation of hepatic gene

transcripti on. J. Nutr.. I35(l l):2503-2506,2005.

Kadambi vJ, Ponniah s, Harrer J et al. cardiac-specific overexpression of

phospholamban alters calciurn kinetics and resultant cardiomyocyte mechanics

in transgenic rnice. J. Ctin. Invest. 97:533_539,1996.

Kahn SA, Vanden Heuvel JP. Role of nuclear receptors in the regulation of

gene expression by dietary fatty acids . J. Nutr. Biochem. 14:554-567 , 2003.

Kalant D, cianflone K. Regulation of fatty acid transport. curr. opin.

Lipidol. I 5:309-3 14, 2004.

Kamphuis MMJW, Lejeune MPGM, saris wHM, 'westerterp-plantenga 
MS.

The effect of conjugated linoleic acid supplementation after weight loss on

body weight regain, body composition, and resting metabolic rate in

overweight subjects. Int. J. Obesity. 21:g40_g47 , ?g}i..

Kamphuis MMJW, Lejeune MPGM, Saris wHM, westerterp-plantenga MS.

Effect of conjugated linoleic acid supplementation after weight loss on appetite

and food intake in overweight subjects. Eur. J. ctin. Nutr.57:126g-74,2003.

Kang JG, Leaf A. Effects of long chain polyunsaturated fatty acids on the

contraction of neonatal rat cardiac myocytes. proc. Nqt. Acad. sci. usA.

91:9886-9860, 1994.

Kang JX, Xiao YF, Leaf A. Free, long-chain poryunsaturated fatty acids

reduce membrane electricar excitability in neonatar rat cardiac myocytes.

Proc. Nat. Acad. Scí. USA. 92:3997_4001, 1995.

128



Karata A, Dishman E, Blair I et al. Endogenous epoxyeicosatrienoic acids. -/.

Biol. Chem. 264:1982-1987, I 989.

KarmazynM. Understandíng and Treating Heart Faílure, an Epidemíc of the

2lst century. canada Research chairs 2004. Accessed January 4,2006 at

http.,llwww.chairs.gc. ca/weblchairholders/viewprofile_e.asp?id:157 5&..

Kaufman RJ. use of recombinant DNA technology for engineering

mammalian cells to produce proteins. Bioproccess. Technol. l0:15-69, 1990.

Keim NL. conjugated linoleic acid and body composition. In: Sebedio J-L,

Christie ww, Adolph R, Editors. Advances in conjugated linoleic acid

research, vol. 2. champaign (IL): Aocs press; 2003. p. 316-324.

Kelley DS, Erickson KL. Modulation of body composition and immune cell

functions by conjugated linoleic acid in humans and animal models: benefits

vs. risks. Lipíds 38:377-386, 2003.

Kersten S, Desvergne B, watrii w. Roles of ppARs in health and disease.

Nature 405 :421 -424, 2000.

Khosla P, Fungwe TV. Conjugated linoleic acid: effects on plasma lipids and

cardiovascular functi on. curr. opin. LipÌdor. lz:3 l-3 4, 200 I .

Kim EJ, Kang IJ, cho HJ et at. conjugated linoleic acid downregulates

insulin-like growth factor-I receptor levels in HT-29 human colon cancer cells.

J. Nutr. 133:267 5-2681, 2003.

Kim YJ, Lee Kw, Lee HJ. Total antioxidant capacity of arginine-conjugated

linoleic acid (cLA) complex . J. Agríc. Food chem. 52:4j9-444,2004.

t29



King MW. Protein Synthesis. Accessed July 24,2006 at

http ://web. indstate. edu/thcme/mwking/protein-synthesis.html.

Kramer JK, sehat N, Dugan ME et a/. Distributions of conjugated linoleic

acid (cLA) isomers in tissue ripid classes of pigs fed a commercial cLA

mixture determined by gas chromatography and silver ion-high_performance

liquid chrornatography. Lipids 33:549_55g, lg9g.

Kritchevsky D, Tepper sA, wright s et al.Influence of conjugated linoleic

acid (CLA) on establishment and progression of atherosclerosis in rabbits. -/.

Am. Coll. l{utr. 19 :472547 7 S, 2000.

Kritchevsky D, Tepper SA, wright s, czarnecki sK. Influence of graded

levels of conjugated linoleic acid (CLA) on experimental atherosclerosis in

rabbits. Nutr. Res. 22:127 5-1279, 2002.

Kubo H, Marguilies KB, piacentio rrry et al. patients with end_stage

congestive heart failure treated with B-adrenergic receptor antagonists have

improved ventricular myocyte calcium regulatory protein abundance.

Circulatíon 104:l0l 2-1018, 2001.

Laneuville o, Breuer DK, Xu N et al. Fatty acid substrate specificities of

humanprostaglandin-endoperoxide H, synthase-1 and -2. J. Biol. chem.

27 0:19330- I 9336, I 995.

Larsen TM, Toubro s, Astrup A. Efficacy and safety of dietary supplernents

containing conjugated linoleic acid (cLA) for the treatment of obesity:

evidence frorn animal and human studies. J. Lípid Res.44:2234_2241,2003.

r30



Lawson RE, Moss AR, Givens DI. The role of dairy products in supprying

conjugated linoleic acid to man's diet: a review. Nutr. Res. Rev. l4:153_1i2,

2001.

Lee KN, Kritchevsky D,pariza MW. conjugated linoleic acid and

atherosclerosis in rabbits. Atherosclerosis l0g(l ): lg-2s, lgg4.

Lehrmann H, Pritchard LL, Harel-Bellan AA. Histone acetyltransferases and

deacetylases in the control of cell proliferation and differentia tion. Adv.

Cancer Res. 8641-65, 2002.

Li SY, Golden KL, Jiang Y et al. Inhibition of sarco(endo)plasmic reticulurn

Ca2+-ATPase differentially regulates contractile function in cardiac myocytes

from normotensive and spontaneously hypertensive rats : role of ca2+

regulatory proteins. cell Biochem. Bìophys. 42(l):r-12, 2005.

!i Y, Watkins BA. Conjugated linoleic acids alter bone fatty acid composirion

and reduce ex vivo prostaglandin E2 biosynthesis in rats fed n-6 or n-3 fatty

acids. Lipíds 33:417 -425, 1998.

Linck B, Boknik P, Eschenhagen T et al. Messenger Rl'lA expression and

immunological quantification of phospholamban and sR ca2* ATpase in

failing and nonfailing human hearts. Cardiovasc. Res. 3l:625-632 1996.

Liu KL, Belury MA. conjugated linoleic acid reduces arachidonic acid

content and PGE2 synthesis in murine keratinocyt es. Cancer Lett. 127:15-22,

1998.

131



Lowes BD, Gilbert EM, Abraham wT et al. Myocardial gene expression in

dilated cardiornyopathy treated with beta-blocking agents. N. Engl. J. Mect.

346:1357 -1365, 2002.

Luongo D, Bergamo P, Rossi M. Effects of conjugated linoleic acid on growth

and cytokine expression in Jurkat T cells. Immunol. Lett. 90:195-201, 2003.

Luthria DL, Mohammed BS, Spreecher H. Regulation of the biosynthesis of

4,J,10'13,16,79-docosahexanoic acid. J. Biot. chem. 27r:t600- 16025, 1996.

MacDonald HD. Conjugated linoleic acid and disease prevention : a review of

current knowledge. J. Am. coil. Nutr. rg(2 suppr):r I t s-r r gs, 2000.

Maclennan DH, Abu-Abed M, Kang cH. structure-function relationships in

caz* cyclingproteins. J. Mor. ceil cardior. 34.g9.,-91g, 2002.

Maier LS, Bers DM. Calcium, calmodulin, and calcium-calmodulin kinase II:

þgartbeat to heartbeat and beyond. J. Mol. cett cardiot. 34:glg-g3g,2002.

Majumder B, wahle KwJ, Moir s et ar. conjugated rinoreic acids (cLAs)

regulate the expression of key apoptotic genes in human breast cancer cells.

FASEB J. I 6:1447 -1449, 2002.

Makita K, Falck JR, capdevila JH. cytochrome p450, the arachidonic acid

cascade, and hypertension: new vistas for an old enzyrn e. FASEB J. 10:1456_

t463, tgg6.

Masters N, McGuire MA, Beerman KA et al. Nlatemal supplementation with

cLA decreases milk fat in humans. Lipids 37:133-13g,2002.

132



Mater MK, pan D, Bergen wG, Jurnp DB. Arachidonic acid inhibits ripogenic

gene expression in 3T3-Ll adipocytes through a prostanoid pathwa y. J. Lipid
Res. 39:1327 -1334, I 99g.

Mattiello JA, Margures KB, Jeevenandam v, Houser sR. contribution of
reverse-mode sodium-calcium exchange to contractions in failing human left

ventricle myocytes. Cardíovasc. Res. 37:424_431, 199g.

Marx so, Reiken S, Hisamatsu y et ar. pKAphosphoryration 
dissociates

FKBPl2'6 fromthe calcium release channel (ryanodine receptor) defective

regulation in failing hearrs. ceil 10r:365-376,2000.

McDonnell DP, vegeto E, Gleeson MA. Nucrear hormone receptors as targets

for new drug discovery. Biotechnorogy rr:1256-126r, rgg3.

McGarry JD, Foster DW. Reguration of hepatic fatty acid oxidation and

ketqne body production . Annu. Rev. Biochem. 49:395-420,1 9g0.

McGuire MA, McGuire MK, parodi pw, Jensen RG. conjugated linoreic

acids in milk' In: yucawecz Mp, Mossoba MM, Kramer JKG, parizaMw,

Nelson GJ, editors. Advances in conjugated rinoreíc acid researcrt, vor I.
Champaign (IL): AOCS press; lggg. p.295_306.

Mclennan PL, Dailimore JA. Dietary canora oil modifies myocardial fatty

acids and inhibirs cardiac arrh¡hmias in rars. J. Nutr. rz5ll):1003_r009,

199s.

133



Mclennan PL' Myocardial membrane fatty acids and the antiarrhythmic

actions of dierary fish oil in animar models. Lipids 36 (Suppl): Sil r_sr r4,

2001.

Meadus wJ. A semi-quantitative RT-PCR method to measure the in vivo

effect of dietary conjugated linoreic acid on porcine muscle ppAR gene

expression. Biol. proced. Online. 5(l) :20_2g, 2003.

Menon KM, clouser cL, Nair AK. Gonadotropin receptors : rore of post_

trasaltional modifications and post-transcriptional regulation . Endocrine

26(3):249-257 ,2005.

Mercadier JJ, Lompre AM, Duc P et al. Altered sarcoplasmic reticulum Caz*-

ATPase gene expression in the human ventricle during end-stage heart failure.

J. Clin. Invest. 85:305-309,1990.

Mewe So, Reiken S, Hisarnatsu y et al. L-type calcium currents of human

myocytes from ventricle of non-failing and failing hearts and from atrium. -/.

Mol. Cell Cardìol. 26:1307-1320, tgg4.

Meyer M' Bluhm WF, He H et al. Phospholamban-to-SERcA2 ratio controls

the force-frequency relationship. Am. J. physìol. 276(3 pt2):H779_H7g5,

1999.

Miller cc, Park y,parizaMw, cook ME. Feeding conjugated linoleic acid to

animals partially overcomes catabolic responses due to endotoxin injection.

Biochem. Biophys. Res. Commun. l9g(3):1107 _l l12, Igg4.

134



Mitchell PL, Langille MA, currie DL, Mcleod RS. Effect of conjugated

linoleic acid isomers on lipoproteins and atherosclerosis in the Syrian Golden

hamster. Biochim- Biophys. Acta. 1734(3):269-276,2005.

Morgan JP, Erny RE, Allen pD et a/. Abnormal intracellular calcium

handling, a major cause of systolic and diastolic dysfunction in ventricular

myocardium from patients with heart failure. Circulatiore 8l(Suppl.2):III21-

rII32,1gg0.

Moya-camarena Y, vanden Heuvel Jp, Blanchard sG et at. conjugated

linoleic acid activates peroxisorne-proliferator activated receptor alpha and

beta subtypes but does not induce hepatic peroxisome proliferation in Sprague-

Dawley rars. Biochin, Biophys. Acta. 1436:33r-342, rg9g.

Munday JS, Thornpson KG,James KA. Dietary conjugated linoleic acids

- 
promote fatty streak formation in the CITBLIllrouse atherosclerosis rnodel.

Br. J. Nutr. 8l:251-255, 1999.

Nagao K, Inoue N, Wang YNI et at. Conjugated linoleic acid enhances plasrna

adiponectin level and alleviates hyperinsulinemia and hypertension in Zucker

diabetic fatty (falfa) rats. Biochem. Biophys. Res. Commun. 310:562_566.

2003.

Nagao K, Inoue N, wang yM et ar. The i0 trans,l2cis isomer of conjugated

linoleic acid suppresses the development of hypertension in otsuka Long_

Evans Tokushim a fatty rats. Biochem. Biophys.,Res. commun. 306:134_13g,

2003.

t3s



Nagao K, Yanagita T. conjugated fatty acids in food and their health benefits.

J. Biosci. Bioeng. 100(2) :152_157,2005.

Neat CE, Thomassen MS, Omundsen H. Induction of peroxisomaloxisation in

rat liver by high fat diets. Biochem. J. rg6:369-37r,19g0.

Negretti N, Pérez MR. walker D, o'Neill sc. Inhibition of sarcoplasmic

reticulum function by polyunsaturated fatty acids in intact, isolated myocytes

from rat ventricular muscle. J. physiot. 523:367-3i5,2000.

Nestel P, Fujii A, Allen T. The cis-9,trans-l I isomer of conjugated linoleic

acid (cLA) lowers plasma triglyceride and raises HDL cholesterol

concentrations but does not suppress aortic atherosclerosis in diabetic apoE-

deficient mice- Atheroscrerosis Epub ahead of print, 2006.

Netticadan T, Temsah R, osada M, Dhalla NS. statu s of ca2*lcalmodulin

.. 
. .protein kjnase phosphorylation of cardiac SR proteins in ischemia-reperfusion.

Am. J. Physío\.277(3 pr l):C3g4_C391 , tggg.

Netticadan T, Temsah RM, Kawabata K, Dhalla NS. sarcoplasmic reticulum

Ca2*lcalmodulin-dependent protein kinase is altered in heart failure. Circ. Res.

86(5):596-605, 2000.

Nicolosi RJ, Rogers EJ, Kritchevsky D et al. Dietary conjugated linoleic acid

reduces plasma lipoproteins and early aortic atherosclerosis in

hypercholesterolemic hamsters . Artery 22:266-277. rgg7.

136



Nilsson A, Arey H, Pederson JI, Christiansen ER. The effect of high fat diets

on microsomal lauric acid hydroxylation in rat liver. Biochim. Biophys. Acta.

879:209-214, 1986.

Niot I, Porrier H, Besnard P. Regulation of gene expression by fatty acids:

special reference to fatty acid-binding protein (FABP). Biochimie 79:lZ9-133,

1997.

Noone EJ, Roche HM, Nugent AP, Gibney MJ. The effect of dietary

supplementation using isomeric blends of conjugated linoleic acid on lipid

metabolism in healthy human subjects. Br. J. Nutr. gg:243-251,2002.

ochoa JJ, Farquharson AJ, Grant r et al. Conjugated linoleic acids (CLAs)

decrease prostate cancer cell proliferation: different molecular mechanisms for

cis-9, trans- 1 I and trans- 10, cis- 12 isomers. Carcinogenesis 25(7):1 I g5- I l9l ,

2004.

O'Hagan S, and Menzel A. A subchronic 90-day oral rat toxicity study and in

vitro genotoxicity studies with a conjugated linoleic acid produ ct. Food Chem.

Toxicol. 4l :17 49-17 60, 2003.

oliw EH. oxygenation of polyunsaturared fatty acids by cytochrome p450

monooxygenases. Prog. Lipid. Ães. 33 :329-354, 1994.

Palombo JD, Ganguly A, Bistrian BR, Menard Mp. The antiproliferative

effects of biologically active isomers of conjugated linoleic acid on human

colorectal and prostatic cancer cells. cancer Lett. lj7:163-172,2002.

137



Pariza Mw, Ashoor SH, chu FS, Lund DB. Effects of temperature and time on

mutagen formation in pan-fried hamburger. cancer Lett.7(2-3):63-69, rg7g.

Panza MW, Loretz LJ, Storkson JM, Holland NC. Mutagens and rnodulator of

mutagenesis in fried ground beef. cancer Res.43(5 suppl):2444s_2446s,

1983.

Pariza MW, Hargraves WA. A beef-derived mutagenesis modulator inhibits

initiation of mouse epidermar tumors by 7,r2-dimethylbenz[a]anthracene.

Carcinogenesis 6(4):59 I -593, I 9g5.

Pariza MW, Park Y, Cook ME. Mechanisms of action of conjugated linoleic

acid: evidence and speculation. proc. soc. Exp. Biot. Med.223:g-13, 2000.

ParizaMw, Park Y, cook ME. The biologically active isomers of conjugated

linoleic acid. Prog. Lipid Res. 40(4):2g3_29g,2001.

ParizaMw. Perspective on the safety and effectiveess of conjugated linoleic

acid. Am. J. Clin. Nutr. 79(6 Suppl):l t375_l145S, 2004.

Park Y, Albright KJ, Liu w et ar. Effect of conjugated linoleic acid on body

composition in mice . Lipids. 32(g):g53_g5g, t 997.

Park Y, McGuire MK, Beh¡ R et al. High-fat dairy product consumption

increases delta 9c, I I t- I 8: 2 (rumenic acid) and total lipid concentrations of

human milk. Lípids. 3ag):5a3-549, tggg.

Park Y, strokson JM, Albright w et al. Biological activities of conjugated

fatty acids: conjugated eicosadienoic (conj. z}:2delta(cll,tl3ltl2,cl4)),

eicosatrienoic (conj. 20:3delta(cï,tr2,cl4)), and heneicosadienoic (conj.

r38



21:2delta(cl2,tl4lc13,t15)) acids and other metabolites of conjugated linoleic

acid. Biochim. Biophys. Acta. 16g7:120_129, 2005.

Parodi PW' Cow's milk fat cornponents as potential anticarcinogenic agents. J.

Nutr. 127 :1055-l 060, 1997 .

Parodi PW' Conjugated linoleic acid in foods. In: Sebedio J-L, Christie WW,

Adolph R, editors. Advances in conjugated linoleíc acid research, vol. 2.

Champaign (IL): AOCS press; 2003.p. l0t _t22.

Pearson Prentice Hall. Biocoach Activity. From Gene to protein 
:

Transcription. Accessed July 24,2006 at

htç://www.phschool.com/science/biology-place/biocoach/transcription/into.ht

ml

Pégorier J-P, Le May c, Girard J. control of gene expression by fatty acids.

J. Nutr. 13 4:24445-24495, 2004.

Periasamy M, Huke S. SERCA pump level is a critical determinant of Ca2*

homeostasis and cardiac contractility. J. Mot. celt cardiol.33:1053-1063,

2001.

Peterson DG, Matitashvili EA, Bauman DE. Diet-induced rnilk fat depression

in dairy cows results in increased trans-10, cis-l 2 cLLin milk fat and

coordinate suppression of mRNA abundance for mammary enzylnes involved

in milk fat synthes js. J. Nutr. 133:309g -3102, 2003.

139



Plaa GL. Toxic responses of the liver. In: Klassen CD, Amdur Mo, Doull J,

Editors. Casarett and Doull's toxicoloÐ), the basic science of poÌsons. 3rd ed.

New York: Macrnillan Publishing company p. 2gÇ30g,19g6.

Planavila A, Rodríguez-calvo R, Jové M et al. peroxisome proliferator-

activated receptor B/ô activation inhibits hypertrophy in neonatal rat

cardiomyocytes. Cardiovasc. Res. 65:832-84l , 2005.

Rardon DP, Cefali DC, Mitchell RD e/ a/. Digestion of cardiac and skeletal

muscle junctional sarcoplasmic reticulum vesicles with calpain II. Effects on

the Ca2* release charurel. Circ. Res. 67(l):g4-96,1gg0.

Reany MJT, Liu Y-D, westcott ND. corrunercial production of conjugated

linoleic acid. In: Yucawecz Mp, Mossoba MM, K¡amer JKG, parizaMw,

Nelson GJ, editors. Advances in conjugated linoleic acid research, vol I.

Champaign (IL): AOCS Press; tggg. p.39-54.

Recordati G. The contribution of the giraffe to hemodlmamic knowledge :a

unified physical principle for circulation. cardiologia 4ae):7g3-7gg, lgg9.

Reddy JK, Mannaerts GP. peroxisomal lipid rnetabolism . Ann. Rev. Nutr.

14:343-370, 1994.

Reeves PG. Cornponents of AIl.{-93 diets as improvements in the AIN-76A

diet. J. Nutr. 127:838S-841S, 1997.

Reiser R. Conjugated linoleic acid in rat tissue lipids after ingestion as free

acid and as triglyceride. Proc. Soc. Exp. BÌol. Med.7a():666-66g,1950.

140



Riserus u, Berglund L, vessby B . conjugared linoleic acid (cLA) reduced

abdominal adipose tissue in obese middle-aged men with signs of the

metabolic syndrome: a randomized controlled trial. Int. J. Obes. Relat. Metab.

Disord. 251l2g-1 13 5, 2001.

Riserus U, Basu S, Jovinge S et al. Supplementation with conjugated linoleic

acid causes isomer-dependent oxidative stress and elevated C-reactive protein:

a potential link to fatty acid-induced insulin resistance . Circulation 106: I g25-

1929,2002.

Ritzenthaler KL, McGuire MK, Falen R et al. Estimation of conjugated

Iinoleic acid intake by written dietary assesslrent methodologies

underestimates actual intake evaluated by food duplicate methodolo gy. J. l{utr.

13 l(5): I 548-1 5s4, 2001.

Rudel LL- Atherosclerosis and conjugated linoleic acid. Br. J. Nutr. gl:177-

17g,1ggg.

Saebo A. commercial production of conjugated linoleic acid (cLA). Lipid

Technol. Newslett. 7 (I):9-13, 2001.

salminen I, Mutanen M, Jauhiainen M, Aro A. Dietary trans fatty acids

increase conjugated linoleic acid levels in human serum. J. Nutr. Biochem.

9:93-98,1998.

Sampath H, Ntambi JM. Polyunsaturated fatty acid regulation of genes of lipid

metabolism . Annu. Rev. Nutr. 25:3ll-340,2005.

141



Santora JE, Palmquist DL, Roehig KL. Trans-vaccenic acid is denatured to

conjugated linoleic acid in mice. J. Nutr. 130:20g-215,2000.

Sapan CV, Lundblad RL, Price NC. Colorimetric protein assay techniques.

Bìotechnol. Appl. Biocehtn. 29(2):99-108, 1999.

Schmidt U, Hajjar RJ, Helm PA et al. Contribution of abnonnal sarcoplasmic

reticulurn ATPase activity to systolic and diastolic dysfunction in human heart

failure. J. Mol. Cell Cardiot. 30(10):1929-1937,l9gg.

schumacher cA, Baartscheer A, coronel R, Fiolet JW. Energy-dependent

transport of calcium to the extracellular space during acute ischemia of the rat

heart. J. Mol. Cell. Cardiol. 30(8):163 l- 1642, 1999.

Schwartz RS, Abraham S. Effect of dietary polyunsaturated fatty acids on the

activity and content of fatty acid synthetase in mouse liver. Bíocltim. Biophys.

Acta. 7 ll :3 16-326, 1982.

schwinger RH, Bohm M, schmidttJ et al. rJnchanged protein levels of

SERCA II and phospholamban but reduce d, ca2* uptake and ca2*-ATpase

activity of cardiac sarcoplasmic reticurum from dilated cardiornyopathy

patients compared with patients with non-failing hearts. Circulatíon 92:3220-

3229, tgg5.

Scimeca JA. Toxicological evaluation of dietary conjugated linoleic acid in

male Fischer 344 rafs. Food chem. Toxicor.36:391_395, 199g.

scott wE, Herb SF, Magidman p, Riemenschneider RW. unsaturated fatty

acids of butterfat. J. Agric. Food Chem. 7(2):l21-l2g,Ig5g.

142



Sébédio JL, Juaneda P, Dobson G et al. Metabolites of Conjugated Linoleic

Isomers of Linoleic Acid (cLA) in the F.at. Biochim. Biophys. Acta. 1345:5-

10, lgg7.

Sébédio JL, Angioni JM, Chardigny S et al. The effect of conjugated linoleic

acid isomers on fatty acid profiles of liver and adipose tissues and their

conversion to isomers of 16:2 and l8:3 conjugated fatty acids in rats. Lípids

36:575-582,2001.

Sessler AM, Kaur N, Palta JP, Ntambi JM. Reguration of steroyl coA

desaturase I mRNA satbility by polyunsaturated fatty acids in 3T3-Ll

adipocytes. J. Biol. Chem. 271:29854-29858, 1996.

Shantha NC, Decker EA. Conjugated linoleic acid concentrations in processed

cheese containing hydrogen donors, iron and dairy based additives. Food

Chem. 47 :257 -261, 1993.

Shantha NC, Crum AD, Decker EA. Evaluation of conjugated linoleic acid

concentrations in cooked beef -/. Agric. Food Chetn.42:1757-l760,lggg.

Simmermann HK, Jones LR. Phospholamban : protein structure, mechanism

of action, and role in cardiac function. physiot. Rev.78:921-947,199g.

Smedman A, Vessby B. Conjugated linoleic acid supplementation in humans -
rnetabolic effects. Lipids 36:773-781, 2001.

Song H-J, Sneddon AA, Barker PA et al. Conjugated linoleic acid inhibits

proliferation and rnodulates protein kinase C isoforms in human prostate

cancer cells. Nutr. Cancer. 49:100-108,2004.

143



song H-J, Grant I, Rotond oD et al. Effectof cLA supplernentation on

immune function in young healthy volunteers . Eur. J. CIin. Nutr.59:50g-517,

200s.

Statistics Canada. Major Causes of Death 2002. Released 2004. Accessed

January 4, 200 6 at http : 1 fi 4 .20 6.7 2 . 67 1 02 1 02 6 r 02b r 02b-0 }3__e.htm- 5 5 .4K8.

Struder R, Reinecke H, Bilger J et al. Gene expression of the cardiac Na*-Ca2*

exchanger in end-stage human heart failure. circ. Res. 75:44i-453, 1994.

Sugano M, Yamasaki M, Yamada K, Huang y-s. In: yucawecz Mp, Mossoba

MM, K¡amer JKG, ParizaMw,l.{elson GJ, Editors. Advances in conjttgated

Iinoleic acid researclt, vor,/. champaign (IL): Aocs press; lggg. p. 327-339.

Swan JS, Dibb K, Negretti N er at. Effects of eicosapentanoic acid on cardiac

SR Ca2* release and ryanodine receptor functio n. Cardiovasc. Res. 60:337 -

346,2003.

Tai ES, Corella D, Demissie S er a/. Polyunstaurated faaty acids inetract with

the PPARA-L162v polymorphism ro affect plasma rriglyceride and

apolipoprotein G-III concentrations in the Framingham Heart study. J. Nutr.

135(3):397 -403,2005.

Tappia PS, Liu s-Y, Shatadal s e¡ al. changes in sarcolemmal pLC

isoenzymes in postinfarct congestive heart failure: partialcorrection by

irnidapril. Am. J. Physiol. 277 :H40-H49, lg9g.

Tappia P, Mangat R, Gabriel c et al. Gender differences in the cardiac

response to dietary conjugated linoleic isomers. can. J. physíol. (In press).

t44



Tebbey PW, Buttke TM. Independent arachidonicacid-rnediated gene

regulatory pathways in lyrnphocytes. Biochent. Biophys. Res. contnzun.

194:862-886, 1993.

Tebbey PW, McGowan KM, stephens JM et al. Arachidonic acid

downregulates the insulin-dependent glucose transpofier (GLUT-4) gene in

3T3-Ll adipocytes by inhibiting transcription and enhancing rnRNA turnover.

J. Biol. Chem. 269:639-644,1994.

Temsah RM, Netticadan T, chaprnanD et al. Alterations in sarcoplasmic

reticulum function and gene expression in ischemic-reperfused rat heart. Am.

J. Physiol. 27 7 (2 Pt 2):H584-H594, 1999.

Terpstra AHM. Effect of conjugated linoleic acid on body composition and

plama lipids in humans: an overview of literature. Am. J. Clin. Nutr. jg:352-

36r,2004.

Thom E, Wadstein J, Gudmundsen O. Conjugated linoleic acid reduces body

fat in healthy exercising humans. J. Int. Med. Res. 29:393-396,2001.

Thorsdottir I, Hill J, Ramel A. seasonal variation in cis-9, trans-l I conjugated

linoleic acid content in milk fat from Nordic countries. J. Dairy.Tci. g7(9):

2800-2802,2004.

Toomey S, Roche H, Fitzgerald D, Bilton o. Regression of pre-established

atherosclerosis in the apo-E (-/-) mouse by conjugated linoleic acid. Biochem.

Soc. Trans. 3l:1 075-1079,2003.

145



Turek JJ, Li Y, Schoenlein IA et ar. Modulation of macrophage cytokine

production by conjugated linoreic acids is influenced by the dietary n_6 :n_3

fatty acid ratio. J. Nutr. Biochent. 9(5):25g-266,1ggg.

Turpeinin AM, Mutanen M, Aro A, salminen I et al. Bioconversion of

vaccenic acid to conjugated linoleic acid in humans. Ant. J. Clin. Nutr.76:504-

510,2002

van den Berg JJ, Cook NE, Tribble DL. Reinvestigation of the antioxidant

properlies of conjugated linoleic acid. Lipids 30:599-60 s,lgg5.

vanden Heuvel JP. Diet, fatty acids, and regulation of genes important for

heart disease. Curr. Athero. Rep. 6:432-440,2004.

wahle KwJ, Heys SD, Rotondo D. conjugated linoleic acids: are they

beneficial or derrimenral to health? prog. Lipíd Res. 43:553-5g7, 2004.

Wahle KW, Radcliffe JD. Effect of a diet rich in sunflower oil on aspects of

lipid rnetabolism in the genetically obese rat. Lipíds 12:135-139,1977.

Wahle KWJ, Rotondo D. Fatty acids and endothelial cell function: regulation

of adhesion molecule and redox enzyrne expression. curr. opin. clin. Nutr.

Metabol. Care. 2:109-1 15, lg9g.

Wahli W, Martinez E. Superfamily of steroid nuclear-receptors: positive and

negative regularors of gene expression. FASEB J. 5:2243-2249,1991.

'wang 
J, Ellwood K, Lehman A. et at. Amathematical model for synergistic

eukaryotic gene activation. J. Mol. Biol. 2g6 (2) :315-325,1ggg.

146



weatherman RV, Fletterick RJ, scanlan TS. Nuclear-receptor ligands and

ligand-binding dornains. Ann. Rev. Biochenz. 6g:559-5gl , rggg.

Wikipedia. Transcriprion. Accessed July 24,2006 at

http ://en.wikipedi a. org/wiki/Transcription.-(genetics).

Willson TM, Wahli W. Peroxisorne proliferator-activated receptor agonists.

Curr. Opin. Chent. Biol. l:235-24l,Igg7.

Wilson TA, Nicolosi RJ, Chlysarn M, Kritchevsky D. Conjugated linoleic acid

reduces early aortic atherosclerosis greater than linoleic acid in

hypercholesterolemic hamsters . Nrtr. Res .20:1795-1g05, 2000.

Wilson TA, Nicolosi RJ, Saati A et ctl. Conjugated linoleic isomers reduce

blood cholesterol levels but not aortic cholesterol accumulation in

hypercholesterolemic hamsters . Lipids 4r(l):41-4g, 2006.

Wu KD, Lee WS, Wey J et al. Localizationand quantification of endoplasmic

reticulum ca2*-ATPase isoform transcripts . Am. J. physiot. 269:c775-c7g4,

l 995.

Xiao Y-F, Gomez AM, Morgan Jp et al. suppression of voltage-gated L-type

ca2* currents by polyunsaturated fatty acids in adult and neonatal rat

ventricular myocytes. Proc. Natr. Acad. sci. 94:41g2-4lg7,lgg7.

Yamamoto K, ohki R, Lee RT e/ a/. peroxisome proliferator-activated

receptor ganxna activators inhibit cardiac hypertrophy in cardiac myocytes.

Circulation 104:167 0-167 5, 200l.

147



Yamasaki M, chujo H, Nou s et ar. Alleviation of the cytotoxic activity

induced by trans I 0, cis 12-conjugated linoleic acid in rat hepatoma dRlh-g4

cells by oleic or palmitoleic acid. cancer Lett. 196:l g7_196,2003.

Yang L, Huang y, wang He, chen Zy. Isorneric distribution of conjugated

linoleic acids (cLA) in the tissues of rayer hens fed a cLA diet. Agric. Food

Chetn. 5l :5654-5660, 2003.

Yasumura Y, Takenura K, Sakarnoto A et ar. changes in myocardial gene

expression associated with B-blocker therapy in patients with chronic heart

failure. J. Cardiac Fait. 9(6):469-4j4,2003.

Yoshida Y, Shiga T, hnai S. Degradation of sarcoplasmic reticulum calcium-

pumping ATPase in ischemic-reperfused rnyocardiurn: role of calcium-

activated neutral protease. Basic Res. cardiol. g5(5):4g5-50i,1gg0.

Yu L' Free radical scavenging properties of conjugated linoleic acids. J. Agric.

Food Chem. 49:3452-3456, 2001 .

Yurawecz MP, Roach JAG, schat N, Mossoba MM et ar. Anew conjugated

linoleic acid isomer, "r trans,g cis-octadecadienoic acid, in cow milk, cheese,

beef and human milk and adipose tissue. Lipicls 33:g03-g0 g,lggg.

zarain-Herxberg A, Afzal N, Elimban v, Dhalla NS. Decreased expression of

cardiac sarcoplasmic reticulumCa2+-pr.rmp ATPase in congestive heart failure

due to myocardial infarction. Mol. cell Biochem. 164:2g5-290,1996.

148



Zile MR, Brutsaert DL. New concepts in diastolic dysfunction and diastolic

heart failure :Part I : diagnosis, prognosis, and measurements of dastolic

function. Circulation 105:l 387-1393, 2002.

149



XIv. APPENDIX 1

Sample SAS Program

Data data;
Title 'One-Way ANOVA L-type gene expression Femates,,
lnput group PAR;
IPAB=tog(pAR);
'gender;
'1=females:
'2=males;
'd¡et groups;
'1 =A=t 1 0c1 2;
'2=B=2 isomer mix TG;
'3=C=cgt1 1;
'4=D=l ¡56¡sr m¡x FFA;
'5=E=Control;
'groups= 1 to t0;
' L-type gene express¡on as % control/GApDH:

1 1.0323
1 0.9677
1 1.1935
1 0.9932
1 1 .101
1 1.0733
2 1.129
2 0.8a7
2 0.7097
2 0.a577
2 0.9611
2 0.9903
3 0.7857
3 0.5714
3 0.8214
3 0.7955
3 0.8013
3 0.7312
4 0.6786
4 Q.6429
4 0.9286
4 0.6944
4 0.7001
4 0.6606
5l

51
51

51
Proc glm Data=data;
Class group;
Model PAB=group/S53;
output out=PARout f esiduat=PAR Fl predicted=pARp:
Means group/Tukey;

Proc Pr¡nt Data=PARout.
Proc un¡variate Data=pABout plot normal.
var PARR;

Proc Plot Data=pARout;
Plot PARFI'PARP;

Proc GLM Data=data;
Class group;
Model PAR=9roup/ss3;
means group/Tukey hovtest=levene;

Proc alm Dala=data;
Class group;
Model IPAF=group/SS3;
Output out=lPAFout residual=tpARR predicted=tpARp;
Means group/Tukey;

Proc Pr¡nt Data=lPARorJt:
Proc univariate Data=lpAFìout p¡ot normal;
var IPABR;

Proc Plot Data=lpARout;
Plot IPABB'lPARp;

Data dala;
Title 'One-Way ANOVA L-type gene express¡on Males,;
lnput group PAB;
IPAR=log(PAF);
'gender;
'1=females;
'2=males;
'd¡et groups;
'1 =A=t1 0c12;
'2=B=2 isomer mix TG;
'3=C=c9ti 1;
'4=D=l ¡5q¡s¡ mix FFA:
'5=E=Conlrol;
'groups= I to10;
' L-type gene expression as % conlrol/GApDH;
Cards;

6 1.1
6 1.4
6 1.15
6 0.7222
61
6 0_61 11

7 0.7143
7 0.7857
7 0.7667
7 0.7667
7 0.a
7 0.8333
I 0.9565
I 0.6522
I 1.1739
I 0.8333
I 0.7778
a 0.7222
O.

I 0.75
I 1.25
I 0.722
I 0.8333
9 1 .0556

'10 
1

10 1

10 1

l0 1

10 1

10 1

Proc glm Data=data:
Class group;
Model PAFt=group/S53;
Output out=PAFtout residual=pARR pred¡cted=pARp;
Means group/Tukey;

Proc Print Data=pARout;
Proc univar¡ate Data=pARout plot normal;
var PARB;

Proc Plot Data=PAFìout;
Plot PABB'PAFP;

Proc GLM Data=data;
Class group;
Model PAR=9roup/ss3;
means group/Tukey hovtesl=levene;

Proc glm Data=datai
Class group;
Model IPAR=group/S53;
Oulput out=lPARout res¡duat=lpABB predicted=lpARp;
Means group/Tukey;

Proc Pr¡nl Data=lpABout:
Proc univar¡ate Data=lpAFlout plot normal;
var IPABR;

Proc PIot Dâta=lpAFìout;
Plot IPABR'lPARp;
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