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Summary

Thesis summary

The presence of nutrients, particularly fat, in the small intestine modulates
gastrointestinal function and subsequent energy intake, and it is well established that the
digestion of fat into free fatty acids is required for these effects to occur. Furthermore,
the effects of fatty acids are dependent on their chain length. The research presented in
this thesis relates to the effects of fatty acids, particularly lauric acid, on the regulation

of gastrointestinal function and the suppression of energy intake.

One of the first studies in humans to evaluate the effect of fatty acid chain length
established that fatty acids with > 12 carbon atoms slow gastric emptying, while fatty
acids with < 10 carbon atoms have no effect, indicating that there may be a separation in
the effects of fatty acids occurring between those with < 10 and > 12 carbon atoms.
More recent studies in humans have determined that there are marked differences in the
effects of intraduodenal lauric acid, a saturated fatty acid with 12 carbon atoms (“C12”),
and decanoic acid, a saturated fatty acid with 10 carbon atoms (“C10), on the
modulation of gastrointestinal motility, hormone secretion and energy intake. For
example, C12, but not C10, markedly suppresses energy intake, modulates pressure
waves in the antropyloroduodenal (APD) region and stimulates glucagon-like peptide-1
(GLP-1) secretion, while both C12 and C10 stimulate cholecystokinin (CCK) secretion,
however, the effect of C12 was much greater. A previous study in humans has also
shown that intraduodenal administration of a long-chain fatty acid, such as oleic acid, a
monounsaturated fatty acid with 18 carbon atoms (“C18:1”), suppresses energy intake
when compared with a short-chain fatty acid, such as capric acid, a saturated fatty acid
with 8 carbon atoms (“C8”). While there have been no direct comparisons between

fatty acids with 12 or more carbon atoms (eg C12 vs C18:1) on gastrointestinal function
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and energy intake, there is evidence in animals that C12 may be more potent in

suppressing energy intake than C18:1.

The first study presented in this thesis (Chapter 4) assessed the effects of intraduodenal
C12 and CI10 in healthy men on the gastrointestinal hormones; ghrelin, peptide YY
(PYY), glucagon-like peptide-2 (GLP-2) and pancreatic polypeptide (PP). C12, but not
C10, markedly stimulated the secretion of PYY and GLP-2 and suppressed ghrelin

secretion, while both C12 and C10 slightly increased PP secretion.

The effects of intraduodenal C12 and C18:1 delivered at the same energy load (0.4
kcal/min) on APD motility, secretion of CCK and PYY and energy intake were
compared in healthy males (Chapter 5). Both C12 and CI18:1 stimulated isolated
pyloric pressure waves (IPPWs), suppressed the number of antral pressure waves (PWs)
and increased plasma CCK concentrations, with no differences between the two fatty
acids. In contrast, while both C12 and C18:1 increased basal pyloric pressure and
plasma PYY concentrations, C12 had a greater effect on basal pyloric pressure than
C18:1, while C18:1 had a greater effect on PYY than C12. Interestingly, C12, but not

C18:1, suppressed energy intake.

While a previous study in humans has shown that C12 markedly suppressed energy
intake, this was associated with nausea in some subjects, hence, confounding the
interpretation of the results. In order to determine whether the effects of C12 on energy
intake were physiological, or related to nausea, a dose-response study was performed
using loads ranging from: 0.1 — 0.4 kcal/min, but this was also associated with varying

C12 concentrations (Chapter 6). C12 potently modulated APD motility, increased
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plasma CCK and GLP-1 concentrations and suppressed energy intake in a dose-
dependent manner, in the absence of nausea. However, as both load and concentration
of the C12 solutions were varied, it was unclear whether these effects were load- or
concentration-dependent. Therefore, the study in Chapter 7 assessed the response to (i)
increasing loads of C12 (0.2 — 0.4 kcal/min), at a fixed concentration (56 mM) and (ii)
increasing concentrations of C12 (40 — 72 mM), at a fixed load (0.4 kcal/min), on
gastrointestinal function and energy intake. Increasing load, but not concentration, of
C12 modulated gastrointestinal motility, increased plasma CCK and PYY

concentrations and suppressed energy intake.

As both CCK and GLP-1 are secreted in response to nutrient ingestion, the study in
Chapter 8 assessed whether CCK-8 and GLP-1 interacted in their effects on
gastrointestinal function and energy intake. — Intravenous CCK-8 (1.8 pmol/kg/min)
and GLP-1 (0.9 pmol/kg/min) were administered alone and in combination. At the
doses evaluated, CCK-8 suppressed energy intake, decreased the number of antral and
duodenal PWs and increased IPPWs, while GLP-1 only decreased antral and duodenal
PWs, but had no effect on energy intake and IPPWs. The combination of CCK-8 and
GLP-1 only decreased the number of duodenal PWs to a greater extent than either
infusion alone, but this did not exceed the sum of the individual effects of CCK-8 and

GLP-1.

A previous study has demonstrated that following intragastric administration of C12,
the effects of C12 on gastrointestinal function, including suppression of antral
contractions, relaxation of the proximal stomach and stimulation CCK secretion, which

are associated with the suppression of energy intake, are still maintained. Hence, C12

X1V



Summary

may have the potential to be utilised as an oral appetite-suppressant. The study in
Chapter 9 investigated the effects of increasing doses of orally ingested C12 between 2
— 6 g on appetite and energy intake. While oral ingestion of C12 had no effect on
appetite perceptions, subsequent energy intake was markedly suppressed, in the absence

of adverse effects, following the ingestion of 2 g and 6 g of C12.

In conclusion, intraduodenal infusion of C12 in humans has marked effects on
gastrointestinal function and energy intake, specifically, the modulation of APD
motility, secretion of CCK, GLP-1, GLP-2, PYY and PP, and suppression of ghrelin
secretion and energy intake, when compared with fatty acids with both shorter and
longer chain lengths. The effect of C12 on gastrointestinal function and energy intake is
also dependent on load, but not concentration, of C12 administration. Moreover, oral
ingestion of C12 also has a marked effect on the suppression of energy intake, in the

absence of any adverse effects.
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