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ABSTRACT

Background: Gastric vagal afferents play an important role in the regulation of food
intake in response to mechanical stimuli. In the stomach neuropeptide W (NPW) is
secreted from G-cells. It is known that NPW is involved in central regulation of food
intake and energy homeostasis, however, whether NPW can modulate gastric vagal
afferents mechanosensitivity and how this role changes in different nutritional states,
such as obesity, is not known. Furthermore, the role of different macronutrients in NPW

expression and secretion in the stomach is not clear.

Aims: This thesis aims to determine:

1) The modulatory effect of NPW on gastric vagal afferent mechanosensitivity
under different states of nutrition including food restriction and high-fat diet-
induced obese mice.

2) The modulatory effect of NPW on gastric vagal afferent mechanosensitivity in
mice of different age and gender.

3) The macronutrients responsible for regulation of gastric NPW.

Methods: An in vitro electrophysiology preparation was used to determine the effect of
NPW on the mechanosensitivity of gastric mucosal and tension receptors in C57BL/6
mice fed ad libitum, fasted overnight, or fed with a high-fat diet. Expression of NPW in
the gastric mucosa and GPR7 in the whole nodose ganglia was determined by
guantitative RT-PCR (QRT-PCR). Expression of GPR7 in gastric vagal afferent
neurons was determined by retrograde tracing and QRT-PCR. Plasma NPW levels were
determined in healthy lean subjects after nutrient intake. Plasma and gastric NPW levels

were determined in mice after feeding with different nutrients. Primary cell cultures of



mouse gastric antral mucosal cells were used to investigate the signalling pathway of

NPW expression.

Results: In 20-week-old adult mice NPW selectively inhibited the responses of gastric
vagal tension receptors to stretch. The inhibitory effect of NPW on gastric vagal tension
receptors was gender consistent, but not observed in younger mice, high-fat diet-fed
mice or food restricted mice. Protein and glucose intake increased gastric NPW
transcript and protein levels in mice but had no effect on plasma NPW levels in human
and mice. Protein and glucose are stimulants of gastric NPW expression, via distinct

mechanisms.

Conclusion: NPW modulates mechanosensitivity of gastric vagal afferents; an effect
related to feeding status, age and gender. Gastric NPW is regulated by specific

nutrients.

VI



STATEMENT

I certify that this work contains no material which has been accepted for the award of
any other degree or diploma in any university or other tertiary institution and, to the
best of my knowledge and belief, contains no material previously published or written
by another person, except where due reference has been made in the text. In addition, |
certify that no part of this work will, in the future, be used in a submission for any other
degree or diploma in any university or other tertiary institution without the prior
approval of the University of Adelaide and where applicable, any partner institution

responsible for the joint-award of this degree.

I give consent to this copy of my thesis when deposited in the University Library, being
made available for loan and photocopying, subject to the provisions of the Copyright

Act 1968.

The author acknowledges that copyright of published works contained within this thesis

resides with the copyright holder(s) of those works.

| also give permission for the digital version of my thesis to be made available on the
web, via the University’s digital research repository, the Library catalogue and also
through web search engines, unless permission has been granted by the University to

restrict access for a period of time.

Name: Hui Li

Signature: Date: 8" February 2014

\l



ACKNOWLEDGEMENT

I would like to express my sincere gratitude to my primary supervisor associate
Professor Amanda Page for the tireless support and guidance of my Ph.D study and
research. |1 am truly thankful for her patience, motivation, enthusiasm, encouragement
and immense knowledge. Without her great contribution this thesis would not be
possible. I am grateful for the opportunities she provided to me to attend a number of

local and international scientific meetings.

My sincere thanks also go to my co-supervisor, Professor Ashely Blackshaw, who gave
me valuable advice during the beginning of my PhD study. Although for the majority of
my candidature he was not in the country, the guidance he provided was well
appreciated. 1 would also like to thank Professor Gary Wittert for his excellent advice
on my studies, journal papers and thesis writing, as well as his encouragement and

guidance.

I would like to sincerely thank the China Scholarship Council and the University of

Adelaide for providing the joint PhD scholarship.

Many thanks go to my labmates in Nerve Gut Research Laboratory, especially Nicole J.
Isaacs, Tracey A. O’Donnell, Stephen Kentish and Claudine Frisby, for their individual

help and support on the laboratory research, editing the journal papers and thesis.

Many thanks go to Professor Christine Feinle-Bisset from the Discipline of Medicine
for providing the human samples and advices on the journal paper. | would also like to
thank Stamatiki Kritas from Women’s & Children’s Hospital for analysing the mouse

breath test results.

VIl



Many thanks go to my friends and fellow PhD students for their discussion and
unconditional support with my study, as well as for their friendship and companionship

during my residency in Adelaide.

Finally, I want to thank my parents Yaping Tang and Yaping Li for their love,

encouragement and support throughout my life.



CONFERENCE PROCEEDINGS

Li H., Kentish S.J., O'Donnell T.A., Wittert G., Blackshaw L.A., Page A.J. (2011) The
effect of NPW on the mechanosensitivity of gastro-oesophageal vagal afferents.

Digestive Disease Week 2011, Chicago, United States of America.

Li H., Isaacs N.J., Kentish S.J., Moretta M., Harrington A.M., Blackshaw L.A., Page
AJ. (2011) Laser capture microdissection of nodose gastric neurons for PCR.

Neuroscience Collaborators Day 2011, Adelaide, Australia.

Li H., Kentish S.J., O'Donnell T.A., Wittert G., Blackshaw L.A., Page A.J. (2012) The
role of gastric neuropeptide W is regulated by food intake. Australian and New Zealand

Obesity Society 2012, Auckland, New Zealand.

Li H., Young R., Isaacs N.J., O'Donnell T.A., Wittert G., Blackshaw L.A., Page A.J.
(2012) Modulation of gastric vagal afferent mechanosensitivity by neuropeptide W.

Neuroscience Expo 2012, Adelaide, Australia.



LIST OF FIGURES

Figure 1.1 Major hypothalamic regions involved in the control of food intake and
ENEIGY NOMEOSLASIS .......etiiiiiiieiieie ettt e bbbt 5

Figure 1.2 Central nervous system sensing of peripheral signals involved in the
regulation Of FOOd INTAKE ..........ceiiiie e 9

Figure 1.3 Innervation of the gastrointestinal tract by intrinsic and extrinsic sensory
A TCTU (] PR PP PPRRPPR 18

Figure 1.4 Response of mouse gastro-oesophageal vagal afferents to mucosal stroking
with calibrated von Frey hairs and circular tension ............c.ccoovviveienenc s, 24

Figure 2.1 In vitro mouse gastro-oesophageal vagal afferent preparation ..................... 65

Figure 2.2 The effect of time on the mechanosensitivity of mouse gastric vagal afferents

Figure 2.3 Neuropeptide W immunoreactive cells in mouse gastric mucosa................. 75

Figure 2.4 Colocalization of neuropeptide W and calcium sensing receptor
immunoreactive cells in mouse gastriC antrum...........ccccovvevieieiie i 76

Figure 3.1 Schematic diagram of the apparatus used for recording single gastric vagal
afferent fiDreS IN VItIO .......oov o 116

Figure 3.2 Relationship between vagal afferents and neuropeptide W-containing cells in
tE GASTIIC MUCOSA......eeveieieieie sttt bbbt 117

Figure 3.3 The effect of neuropeptide W on the response of mouse gastric tension

=Tod=T 01 (0] T PP UPRPPRTRRPIN 118
Figure 3.4 The effect of neuropeptide W on the response of mouse gastric mucosal
=10l =T 0 (0] PR UPRPPRPRRPRN 119
Figure 3.5 Expression of GPR7 mRNA in vagal afferent cell bodies...............cc.......... 120

Figure 3.6 Expression of neuropeptide W and GPR7 mRNA in the gastric mucosa and
whole nodose ganglia reSPECHIVEIY ..o 122
Figure 4.1 The weekly body weight gain of mice ..o, 143

Figure 4.2 The effect of neuropeptide W on the response of mouse gastric tension
=10l =T (0] T USRS 145

Figure 4.3 The effect of neuropeptide W on the response of mouse gastric mucosal
(=101 o] (0] £ PPT PP 147



Figure 4.4 Expression of NPW MRNA in gastriC MUCOSA .........cccevververerininineeiennen, 148
Figure 4.5 Expression of GPR7 mRNA in nodose neurons innervating the stomach..150

Figure 5.1 Plasma NPW and gastrin levels in response to nutrient intake in humans and

Figure 5.2 NPW and gastrin levels in gastric mucosa in response to nutrient intake...175

Figure 5.3 Effect of phenylalanine and the CaSR antagonist NPS2143 on NPW and
gastrin mRNA expression in mice antral mucosal cell culture.............ccccceeveieinennnn, 176

Figure 5.4 Effect of glucose on NPW and gastrin mRNA expression in mouse antral
MUCOSAI CEII CUITUIE ... 177

Supplementary Figure S1 The effect of neuropeptide W on the response of oesophageal
mechanosensitive vagal afferents in female SLD, SLD fasted and HFD mice.......... 190

Supplementary Figure S2 The effect of neuropeptide W on the response of gastric
mechanosensitive vagal afferents in 32-week-old female mice........................... 192

Supplementary Figure S3 The weekly body weight gain, expression of NPW and GPR7
MRNA in the gastric mucosa and nodose ganglia respectively in 20 and 32-week-old
FemMale M. . 194

Supplementary Figure S4 GPR7 immunohistochemistry in whole-mount mouse
StOMAach MYENteriC PIEXUS. .. .. ..eeiit et 196

Xl



LIST OF TABLES

Table 1.1 Nutritional regulation of gastrointestinal hormones secretion........................ 12
Table 1.2 Role of gastrointestinal hormones in food intake and obesity........................ 14

Table 1.3 Regulation of the expression of hormone receptors in the nodose ganglion by
an overnight fast or a chronic high-fat diet.............cccooe e, 28

Table 1.4 Distribution of NPW and its receptors GPR7 and GPR8 in the central nervous
)] (=] 1 T O TR PTRTUPPRTOPPRPPIN 32

Table 1.5 Acute effect of central administration of NPW on food intake..................... 43

Table 2.1 Ingredients and nutrient composition of high-fat, high-carbohydrate or high-
PIOTEIN MEAIS......eieiiiie e bbbt 62

X1



AgRP
a-MSH
ARC
BMI
CART
CaSR
CB1 receptor
CCK
CNS
CRH
DH
DMN
DMV
DRN
EW

Gl
GLP-1
GPCRs
GPR7
GPR8
GHRH
GHSR
HFD

HPA axis

LIST OF ABBREVIATIONS
agouti-related peptide
a-melanocyte stimulating hormone
arcuate nucleus
body mass index
cocaine and amphetamine regulated transcript
calcium sensing receptor
cannabinoid receptor type 1
cholecystokinin
central nervous system
corticotropin-releasing hormone
dorsal hypothalamus
dorsomedial nucleus
dorsal motor nucleus of vagus
dorsal raphe nucleus
Edinger-Westphal nucleus
gastrointestinal
glucagon-like peptide-1
G-protein-coupled receptors
G-protein-coupled receptor 7
G-protein-coupled receptor 8
growth-hormone-releasing hormone
growth hormone secretagogue receptor
high-fat diet

hypothalamus-pituitary-adrenal axis

XV



HPT axis hypothalamus-pituitary-thyroid axis

l.c.v. intracerebroventricular

l.p. intraperitoneal

IGLEs intraganglionic laminar endings
IMAs intramuscular arrays

LHA lateral hypothalamic area

MCH melanin-concentrating hormone
MCHI1R melanin-concentrating hormone-1 receptor
NPB neuropeptide B

NPW neuropeptide W

NPY neuropeptide Y

NTS nucleus tractus solitaries

PAG periaqueductal gray

POMC pro-opiomelanocortin

PVN paraventricular nucleus

PYY peptide YY

SON supraoptic nucleus

SCN suprachiasmatic nucleus

TRH thyrotropin-releasing hormone
VMN ventral medial nucleus

VTA ventral tegmental area

XV



	TITLE: Modulation of neuropeptide W on gastric vagal afferents
	TABLE OF CONTENT
	ABSTRACT
	STATEMENT
	ACKNOWLEDGEMENT
	CONFERENCE PROCEEDINGS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF ABBREVIATIONS




