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ABSTRACT

The focus of my thesis was to investigate changes in the fonnation of

second messenger sn-t,2-diradylglycerol (DG) and phospholipids (PL) in murine

peritoneal macrophages in vitro and in vivo in response to varying concentrations

of the l.>3-polyunsaturated fatty acids (l.>3PUFA), eicosapentaenoic (EPA, 20:5&3)

and docosahexaenoic (DHA, 22:6l.>3) acids. My findings establish for the first time

that the incorporation of EPA and OHA into DG and membrane PL occurs

independently and dose-dependently, with EPA being incorporated to a greater

extent than DHA.

It was of interest to investigate the functional correlations of the substitution

of &3PUFA into OG and PL molecular species. DG is classically known as the

physiological activator of protein kinase C (PKC). I investigated the effects on

PKC activation by pure species of diacylglycerol (DAG) with oleoyl, arachidonoyl,

eicosapentaenoyl or docosahexaenoyl at the sn-2 position. These results showed

that DG species with DHA or EPA incorporated at the sn-2 position activate PKC.

However, while DG with DHA at the sn-2 position activated PKC to a similar

extent as did DG with AA at the sn-2 position (representative of physiological DG),

DG with EPA at the sn-2 position activated PKC to a significantly lesser degree.

To the best of my knowledge, this is the first demonstration in the literature that
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the activation of PKC in vitro differs significantly among these molecular species

ofDAG.

The immunoregulatory cytokine, interleukin-6 (IL-6), is produced in

response to tissue injury and inflammation and in vitro by LPS-stimulated

macrophages. I investigated the correlation of 6.>3PUFA substitution into DC and

secretion of IL-6 by LPS-stimulated murine peritoneal macrophages. These results

show for the first time that IL-6 secretion is attenuated by 6.>3PUFA, and to a

greater extent by DHA than by EPA.

I have obtained several novel findings that contribute to improved

understanding of the underlying mechanisms by which 6.>3PUFA function at the

level of signal transduction. The ability to modify the fatty acid composition of the

signalling molecule, DG, with 6.>3PUFA can now be used for future research to

further elucidate the functional ramifications of 6.>3PUFA in cell signal

transduction.
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CHAPTER ONE: INTRODUcrION

1.1 t>3-Polyunsaturated Fatty Acids

1.1.1 Historical Perspective

Current interest in the antiinflammatory, antithrombotic and antineoplastic

effects of t>3-polyunsaturated fatty adds (t>3PUFA) was Originally ignited by the

work of Sinclair (1953) and later by Bang and Dyerberg (Bang et al 1971, Dyerberg

and Bang, 1979). Sinclair (1953), while commissioned by the Canadian

Government to study the diet of the Eskimos and Northern Indians, reported an

almost total absence of cardiovascular diseases in the Eskimo population. Bang

and Dyerberg (Bang et al 1971, Dyerberg and Bang, 1979) later studied a

population of Greenland Inuit that reportedly had a lower incidence of coronary

heart disease and compared them to a population of age- and sex-matched Danes.

They found that the Inuit also had lower plasma levels of very low density

lipoproteins, low density lipoproteins and triglycerides and elevated levels of high

density lipoproteins, consistant with reduced risk of disease. Bang and Dyerberg

attributed these differences between the Inuit and Danes to the differences in fatty

acid composition of their respective diets. The diet of the Inuit was rich in

2
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~3PUFA, including eicosapentaenoic acid (EPA, 20:5&3) and docosahexaenoic acid

(DHA, 22:6&3) derived from marine organisms, whereas the diet of the Danes was

rich in monounsaturated fatty acids and ~6PUFA, including linoleic acid (LA,

18:2~6) and to a lesser degree arachidonic acid (AA, 20:4~6), obtained from meats

and vegetables.

This pioneering work has opened the door to significant contributions being

made to an understanding of how modifications in the fatty acid component of

human dietary intake may influence the activity of certain diseases. Much

research is still needed to elUcidate the mechanisms by which ~3PUFA contribute

to amelioration of various diseases.

1.1.2 Clinical Significance of ~3-PolyunsaturatedFatty Acids

Since the work of Bang and Dyerberg, the effects of &3PUFA have been

studied clinically in patients with rheumatoid arthritis (Kremer et al 1985, Kremer

et al 1987, Sperling et al 1987), atherosclerotic diseases (Lervang et al 1993,

Lungershausen et al 1994), hyperlipidemia (Harris et al 1990, Schmidt et al 1993,

Svaneborg et aI1994), ulcerative colitis (Grimminger et aI1993, Ross 1993), systemic

lupus erythematosus (Das 1994), diabetes Guhan et al 1982, Kamada et al 1986,

Malasanos and Staepoole 1991), transplantation (Maachi et al 1995), restenosis

(O'Connor et a11992) and colon cancer (Reddy et aI1991, Anti et al 1992, Anti et
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al 1994).

Kremer and colleagues (1985) compared the clinical manifestions in patients

with rheumatoid arthritis who took 1.8 g EPA daily for 12 weeks with those in

control patients who took diets low in PUFA:saturated fat ratio. At the end of the

12 weeks, the EPA group showed significantly better improvements in outcomes,

including morning stiffness, duration of fatigue, grip strength, number of tender

joints and of swollen joints and others. During a follow-up period, the

improvements in the experimental group deteriorated, reinforcing the evidence for

a beneficial effect of EPA in rheumatoid arthritis.

Dietary supplementation with fish oil has been studied in patients with

active ulcerative colitis (Stenson et al 1992). Daily supplementation with fish oil

(EPA, 3.24 g and DHA, 2.16 g) for four months resulted in a reduction in

prostaglandin E:z (PGE:z) and leukotriene B4 (LTBj measured in rectal dialysate,

improvements in the histological index (mucin on the surface of the epithelium,

erosion, superficial and deep inflammatory cell infiltrate, architectural distortion,

fibrosis and loss of polarity) and a significant weight gain. Furthermore, in

patients receiving simultaneous treatment with prednisone, the mean dose of

prednisone decreased significantly from 12.9 gld to 6.1 gld compared to an increase

from 10.4 gld to 12.9 gld in controls. The authors suggest that dietary

supplementation with fish oil may be useful as an adjunct therapy in the

treatment of patients with ulcerative colitis, particularly in those patients requiring

long-term steroid therapy to control their symptoms.
































































































































































































































































































































































































































































































































































































































