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ABSTRACT

From animal experimentation, and studies using in vitro models, there was evidence
in the literature to suggest that dietary fibre may influence contractility and motility of
the gastrointestinal tract and long chain (LC) n-3 polyunsaturated fatty acids (PUFAs)
from marine sources may influence contractility of smooth muscle cells in blood
vessels. The hypothesis of this thesis was that dietary fish oil and/or fibre influence
the contractility of isolated intact sections of gut smooth muscle tissue from small
animal models. Methodology was established to measure in vitro contractility of
intact pieces of guinea pig ileum with the serosal side isolated from the lumen. It was
demonstrated that four amino acid peptides from Kk-casein (casoxins) applied to the
lumen overcame morphine-induced inhibition of contraction. Using this established
technology, the guinea pig was used to investigate the effects of dietary fibre and fish
oil supplementation on gut in vitro contractility. In separate experiments, changes in
sensitivity to electrically-driven and  8-iso-prostanglandin  (PG)E;-induced
contractility were demonstrated for dietary fibre and fish oil. A modified, isolated gut
super-perfusion system was then established for the rat to validate these findings. It
was subsequently shown that LC n-3 PUFA from dietary fish oil significantly
increased maximal contraction in response to the G-protein coupled receptor
modulators, acetylcholine and the eicosanoids PGE,, PGF,,, 8-iso-PGE, and U-46619
in ileum but not colon, without changes in sensitivity (ECsy), when n-3 PUFA as
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) had been incorporated
to a similar degree into the gut total phospholipid membrane pool. It was further
established that the spontaneously hypertensive rat (SHR) had a depressed prostanoid
(PGE, and PGF,,) response in the gut that could be restored by dietary fish oil

supplementation (5% w/w of total diet) in the ileum but not the colon. Importantly,



the muscarinic response in the colon of the SHR was increased by fish oil
supplementation with DHA likely to be the active agent. Dietary fish oil dose
experiments deduced differential increases in response occurred at fish oil
concentrations of 1% for muscarinic and 2.5% (w/w) for prostanoid stimulators of the
ileum with no difference in receptor-independent KCl-induced depolarization-driven
contractility. Studies combining high amylose resistant starch (HAMS, 10% w/w) and
fish oil (10% w/w) fed to young rats demonstrated a low prostanoid response that was
enhanced by dietary fish oil but not resistant starch. There was however, an interactive
effect of the HAMS and fish oil noted for the muscarinic-mimetic, carbachol.
Generally, resistant starch increased the large bowel short chain fatty acid pool with a
subsequent lower pH. Binding studies determined that while the total muscarinic
receptor binding properties of an isolated ileal membrane fraction were not affected in
mature rats by dietary fish oil, young rats had a different order of muscarinic receptor
subtype response with a rank order potency of M3 > M; > M, compared to mature
animals of M3 > M, > M, with fish oil altering the sensitivity of the M; receptor
subtype in isolated carbachol-precontracted ileal tissue. In conclusion, experiments
using the guinea pig and rat gut models demonstrated that dietary fish oil
supplementation, and to a lesser degree fibre, increased receptor-driven contractility
in normal and compromised SHR ileum and colon. Further, changes in responsiveness
were demonstrated in the developing rat gut prostanoid and muscarinic receptor
populations that could be altered by dietary fish oil. Preliminary evidence suggested
that fish oil as DHA may alter receptor-driven gut contractility by mechanisms
involving smooth muscle calcium modulation. Defining the role that dietary fibre and

fish oil, and other nutrients, play in normal and diseased states of bowel health such as



inflammatory bowel disease (IBD), where contractility is compromised, are among

the ongoing challenges.
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ABBREVIATIONS

AA — Arachidonic acid

ALA — Alpha linolenic acid

Ang II — Angiotensin II

ATP- Adenosine triphosphate

Bimax — Maximal amount of binding that would occur
Ca”" - Calcium ion

[Ca®]; — Intracellular calcium ion concentration
CCh - Carbachol

CCK- Cholecystokinin

CD - Crohn'’s disease

Cdk2 - Cyclin-dependent kinase-2

CHN — CSIRO Human Nutrition

CLA - Conjugated linoleic acid

COX - Cyclooxygenase

CSIRO — Commonwealth Scientific and Industrial Research Organisation
CVD - Cardiovascular disease

A¥m - Mitochondrial transmembrane potential
DHA — Docosahexaenoic acid

DPA — Docosapentaenoic acid

EC - Enterochromaftin cell

ECsy — Effective concentration at which half the maximal biological effect is achieved
EDHF — Endothelium derived hyperpolarising factor
EPA — Eicosapentaenoic acid

FA(s) — Fatty acid(s)

FO - Fish oil

GIT — Gastrointestinal tract

GLA — Gamma linolenic acid

HAMS —High amylose maize starch

5-HEPE - 5-Hydroxyeicosapentaenoic acid

5-HETE - 5-Hydroxyeicosatetraenoic acid
5-HPETE — 5-Hydroperoxyeicosatetraenoic acid
5-HT — 5-Hydroxytryptamine, serotonin

ICsy — Inhibitory concentration at which 50% of the biological effect occurs
ICAM-1 — Intercellular adhesion molecule-1

IBD — Inflammatory bowel disease

I.at - Non-selective cation current

IxB - Inhibitory binding protein-kB

IL-1 — Interleukin-1

8-iso-PGE; — 8-isoprostaglandin E,

K4 — The concentration at which 50% of maximal binding has occurred
LA — Linoleic acid

LC — Long chain

LDL — Low density lipoprotein

LOX - Lipoxygenase

LT - Leukotriene

NF-«B - Nuclear factor kB

PDGF — Platelet derived growth factor

NO - Nitric oxide

13



iNOS — Nitric oxide synthetase (inducible)
0O - Olive oil

PD1 - Protectin D1

PDGF — Platelet derived growth factor
5-PEPE - 5-Per(oxy)eicosapentaenoic acid
PG - Prostaglandin

PGE, — Prostaglandin E,

PGF,,, - Prostaglandin Fy,

PGH; — Prostaglandin H,

PGI; — Prostaglandin I,

PHGG — Partially hydrolysed guar gum
PKC - Protein kinase C

PL - Phospholipid

PMN - Polymorphonuclear leukocytes
PPARY - Peroxisome proliferator-activated receptor gamma
PS - Phosphatidylserine

PUFAC(s) — Polyunsaturated fatty acid(s)
PYY —Peptide YY

ROS — Reactive oxygen species

rhIL-11 — Human recombinant IL-11

RS — Resistant starch

SCFA(s) — Short chain fatty acid(s)

SD — Sprague -Dawley

SD — Standard deviation

SEM — Standard error of the mean

SF — Saturated fat

SFA — Saturated fatty acid

SHR — Spontaneously hypertensive rat
SMC — Smooth muscle cell

SO - Sunflower (or safflower oil)
SREBP-1c¢ - Sterol receptor element binding protein-1c
SR - Sarcoplasmic reticulum

TAG - Triacylglyceride

Th — T helper cell

TNF, - Tumour necrosis factor-alpha
TTX - Tetrodotoxin

TXA, — Thromboxane A,

UC - Ulcerative colitis

VCAM-1 — Vascular cell adhesion molecule-1
VSMC — Vascular smooth muscle cell
WKY — Wistar-Kyoto
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