The effect of mosapride (5HT-4
receptor agonist) on insulin
sensitivity in subjects with impaired
glucose tolerance

Joo Young Nam

Department of Medicine

The Graduate School, Yonsei University



The effect of mosapride (5HT-4
receptor agonist) on insulin
sengitivity in subjects with impaired
glucose tolerance

Directed by Professor Chul Woo Ahn

The Master's Thesis submitted to the Department of
Medicine, the Graduate School of Yonsei University
in partial fulfilment of the requirements
for the degree of Doctor of Philosophy

Joo Young Nam

June 2007



This certifies that the Master's Thesis of
Joo Young Nam is approved.

Thesis Committee Member Yoon Ghil Park

The Graduate School
Yonsei University

June 2007



ACKNOWLEDGEMENTS

This paper was made possible with courtesy of tippart
of many people. It is with great pleasure thatkrmevledge
the efforts of the many people who have contributetdhe
development of this paper. First and foremost,anth my
mento Professor Chul Woo Ahn, who had directed momf
the beginning to the end.

| also wish to thank Professor Kyung Rae Kim, Hghul
Lee, Bong Soo Cha, and Professor Yoon Ghil Park of
Rehabilitation medicine for their significant adwic |
gratefully acknowledge all the help and continusupport |
received during the preparation of this paper fiérofessor
Young Duk Song and my colleague Dr. Yoo Mi Kim, gon
Sook Park, and the members of Internal MedicineeReh
Fellow, Dr. Tae Woong Nho, Dr. Ji Sun Nam. | wolilke to
thank Youn Ju Suh, the member of the research team,

Finally, 1 would like to thank "God" for making #hi
possible. Last, and most, | would like to dedidhis paper
to my loving family. | would like to thank my deate
husband, Dr. Il Seok Jang for standing by me, mygtger

Jina, my son Han, my parents-in-law and my parents.



<TABLE OF CONTENTS>

ABSTRACT o 1
. INTRODUCTION rererrrrmmiiiiniiiiiiiiii i 3
Il. MATERIALS AND METHODS oveveeiisiinisns 5
1. SUDJECES wrvvevrriii 5
2. Anthropometric parameters & biochemical profiles - 5
3. Euglycemin hyperinsulinemic clamp oo, 6
4. Material and primary human cell culture - 7
5. Glucose transport in human skeletal muscle oo 8
6. IRS-1 tyrosine phosphorylation v, 8
7. Statistical AnalySes e 8
I RESULTS  cevrerrrresrmmmmmiiiiiiiiiiiis i 9
Lo INVIVO STUAY  cooereerrsi 9
2. GLUT-4 eXPression e 11
3. IRS-1 tyrosine phophorylation oo 12
IV. DISCUSSION ovenimmimiimiiiisssss 13
V. CONCLUSION e 16
REFERENCES v, 17
ABSTRACT (IN KOREAN) o 23



Figure 1.

Figure 2.

Figure 3.

Figure 4.

LIST OF FIGURES

Photomicrographs of myoblasts from primary
culture of human skeletal muscle cell «-ooooooieeeene 7

The change of glucose disposal rate during
euglycemic clamp test oo 11

Effect of insulin and mosapride on the abundance of
GLUT-4 in subcellular membrane fractions from

human muscle cell v, 12

IRS-1 tyrosin phosphorylation e, 12

LIST OF TABLES

Table 1. Baseline clinical characteristics e, 9

Table 2. Effect of mosapride on metabolic parameters in study

SUDJECES  oevvereveris 10



ABSTRACT

The effect of mosapride (5HT-4 receptor agonist)nsalin
sensitivity in subjects with impaired glucose talece

Joo Young Nam

Department of Medicine or Medical Science
The Graduate School, Yonsei University

(Directed by Professor Chul Woo Ahn)

Mosapride, a widely used prokinetic agent for tlaigmts with non-ulcer
dyspepsia, diabetic gastroparesis, or reflux egpipba enhancesgastric
emptying by the mechanism of the agonist actionseitonin 5-HT 4
(5-hydroxytryptamine) receptors and facilitation ofiolinergic excitatory
neurotransmission. Previous clinical study shoved mosapride is effective
in decreasing plasma glucose concentrations wittstumulating insulin
secretion in type Il diabetic patients. We investiggl the effect of mosapride
on blood glucose and insulin concentration in sttisjgvith impaired glucose
tolerance. To evaluate the mechanism of mosapnidejsed human skeletal
muscle cells in primary culture and in these celtumyotubes, we assessed
insulin-induced GLUT-4 (glucose transporter 4) slagation and tyrosine
phosphorylation of IRS-1 (insulin receptor substyh}. Thirty subjects with
impaired glucose tolerance were randomly assignedreceive either
mosapride (5mg orally three times a day, n=20) @lagebo (n=10) for 2
weeks. Changes in blood glucose and insulin coretéms were determined
basally as well as after mosapride treatment. inggnsitivity was evaluated
during euglycemic hyperinsulinemic clamp test. Afleweeks treatment of
mosapride in subjects with IGT follow-up glucossptisal rates were higher

than initial values, and were significantly incredsto those of control
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(mosapride 5.47 £+ 1.72 vs 7.06 + 2.13 p=0.004,gtlac5.42 + 1.85 vs 5.23 +
1.53 mg.kg.min™). Fasting plasma glucose and insulin levels wex@ahsed.
But other metabolic parameters such as blood pressatal cholesterol,
triglyceride and HDL-cholesterol were not improved. primary cultured
human skeletal muscle cell, GLUT-4 expression gnastne phosphorylation
of IRS-1 is measured using SDS-PAGE and immunabtpttmethod.
Mosapride increased contents of GLUT4 in the plasmanbrane that occurs
as result of the increased recruitment of glucasmsporters from an
intracellular pool to the cell surface. Treatmehhoman skeletal muscle cell
with insulin resulted in tyrosine phosphorylatiofi RS-1. In contrast,
mosapride did not increase tyrosine phosphorylatibitRS-1. The present
results indicate that 5 HT-4 receptor agonist feative in decreasing plasma
blood glucose concentration without stimulatingulits secretion in IGT
subjects and its mechanism is potentially stimafatf GLUT4 translocation

in skeletal muscle.

Key words : 5 HT-4 receptor, Euglycemic hyperinsetnic clamp, GLUT-4, IRS-1
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The effect of mosapride (5HT-4 receptor agonist) on insulin
sensitivity of subjectswith impaired glucose tolerance

Joo Young Nam

Department of Medicine or Medical Science
The Graduate School, Yonsei University

(Directed by Professor Chul Woo Ahn)

. INTRODUCTION

Insulin resistance is a key feature of impaireccghe tolerance (IGT) and
type 2 diabeteb|t is characterized by a diminished ability oftilie-sensitive
tissues to take up and metabolize glucose in regpdm insulin. Skeletal
muscle is the primary site of insulin-mediated gke disposal and
contributes significantly to decreased glucose kegtaas seen in states of
insulin resistancé.Defects in the early insulin-signaling cascadaditeg to
glucose uptake have been shown to play a key rokhe pathogenesis of
insulin resistanc@ In target tissues, such as skeletal muscle, imgubmotes
glucose uptake through the translocation of the GLglucose transporter
4) from an intracellular vesicular pool to the phas membrane. Insulin
binding to the extracellulara-subunit of its receptor results in
autophosphorylation of tyrosine residues in theepgar [-subunit and
activation of a tyrosine kinase intrinsic to thesubunit. This leads to the
recruitment and tyrosine phosphorylation of intiltar substrates such as
insulin receptor substrates (IRSs) 1-4. Phosphsityes on the IRS proteins
bind the p85 regulatory subunit of phosphatidylitws3' (PI3) kinase. PI3

kinase is a heterodimer of a regulatory subunib)@d a catalytic subunit



(p110), and its activation in response to insuéiaults primarily through its
association with the IRS proteifis.

Mosapride, a widely used prokinetic agent for tladigmts with non-ulcer
dyspepsia, diabetic gastroparesis, or reflux egppba enhanceggastric
emptying by the mechanism of the agonist actionsettotonin 5HT-4
receptors and facilitation of cholinergic excitatareurotransmissiohUeno
et al. reported mosapride improved insulin actiommascle and glycemic
control in type 2 diabetic patierfts.

Serotonin, also known as 5-hydroxytryptamine (5H3 R neurotransmitter
that has been implicated in the regulation of diggphysiological processes,
including cellular growth and differentiatidnneuronal developmefitand
regulation of blood glucose concentratidi.Recent work showing that rat
fetal myoblasts express the SHT-2A receptoand that activation of this
receptor enhances the expression of genes assbcieth myogenic
differentiation and that of the fetal glucose traotger, GLUT3!

The first aim of this study was to examine the efigf mosapride, 5 HT-4
receptor agonist on insulin sensitivity of the sait§ with impaired glucose
tolerance by euglycemic hyperinsulinemic clamp.t&bhe second aim of this
study was to elucidate the mechanism to improvellimssensitivity of
mosapride, 5 HT-4 receptor agonist using human lawsdlin vitro.



II. MATERIALS AND METHODS

1. Subjects
Thirty subjects with impaired glucose tolerancestifay plasma glucose
levles of 100 - 125 mg/dl and/or plasma glucoselkbetween 141 and 199
mg/dl at 2 hrs standard oral glucose tolerance 1&gt glucose loading)) were
participate in these studies. Informed consent eld#ained from all subjects
after explanation of the protocol. No subject wakirtg pharmacological
agents known to affect carbohydrate metabolismtidj@ants were also
instructed not to alter body weight or lifestyleblia (eating, drinking,
smoking, and exercise) during their participationthe study. After the
baseline studies, twenty subjects took moasaprideng t.i.d daily p.o.
Daewoong pharmacentical, Seoul, Korea) for 2 we@&k® remaining ten
subjects took placebo for 2 weeks. Blood samplescéamp test were taken

before and after mosapride treatment.

2. Anthropometric parameters & biochemical profiles

Body weight and height were measured in the morniritihout clothing and
shoes. BMI was calculated as body weight in kiloggadivided by height in
meters squared (kgfn

Serum glucose was measured immediately by an aaly@@n using the
hexokinase method (Roche, Hitachi 747). Serum imsand c-peptide were
determined by an enzyme chemiluminescence immuapa@sCIA, DPC,
Immulite  2000). Serum total cholesterol, HDL-chtdéwel and
LDL-cholesterol were assessed by the enzymatic oastt{Daiichi, Hitachi
747) and serum triglycerides were measured by tizgreatic colorimetric
methods (Roche, Hitachi 747).



3. Euglycemin hyperinsulinemic clamp test

Insulin sensitivity was measured during euglycehyiperinsulinemic clamp
test. After a 10- to 12-h overnight fast, subjeetere admitted to the
outpatient clinic at 8:00 A.m. A polyethylene calmwas inserted into an
antecubital vein for the infusion of all test saivstes. A second catheter was
inserted retrogradely into an ipsilateral wristrven the dorsum of the hand
for blood sampling, and the hand was kept in adtkdiox at 65 deg C.
Squared priming was performed (0-9 min) with a wiep decline in the
insulin (Humalog, lilly, U.S.A) infusion rate everthird minute, thereby
reducing the insulin infusion rate from 100-80 ®-80 mU - rif - min™
Thereafter, the insulin infusion rate was fixedt@tmu - nf - min® from 9 to
120 min.

During the last 30 min of the basal equilibratioeripd, plasma samples
were taken at 5- to 10-min intervals for deternmiorabf plasma glucose and
insulin concentrations. The plasma glucose conatotr was measured every
5 min after the start of the insulin infusion, amd/ariable infusion of 20%
glucose was adjusted based on the negative feeghiaciple to maintain the
plasma glucose level at 90 mg/dl with a coefficiehvariation <5%. Plasma
samples were collected every 15 min from 0 to 96 and every 5-10 min
from 90 to 120 min for determination of plasma g@ise and insulin
concentrations. Plasma glucose concentration wastaized constant at
euglycemia, using a variable glucose infusion (H80.** Plasma glucose
concentration was monitored every 5 min using daaraated glucose oxidase

method (Glucose Analyzer 2, Beckman Instrumentdefah, CA).



4. Material and primary human cell culture.

Human muscle cells were provided by Professor Y&bil Park (Muscular
disease research center, Yongdong severance hospitaul, Korea) and
primary cultured as previously describédCells were grown at 32, in an
incubator containing 5%Cfncubator. They were then fused for 4 days in
DMEM medium, 20% Fetal Bovine Serum, 1% penicillgtreptomycin. In
culture, after differentiation, most of human skalenuscle myoblasts fused
into multinucleated myotubes, as shown in Figurdnimunostaining was
performed with an antibody against human sarcomadtin, which is
expressed in differentiated skeletal muscle.

C.

Figure 1. Photomicrographs of myoblasts from primaulture of human

skeletal muscle cell. A and B show myoblasts dutimg growing phase.



When the cells were almost confluent, they werenghd to differentiation
media, and most of these myoblasts fused to malgated myotubes(C.)

5. Glucose transporter in human skeletal muscle

Human skeletal muscle cells were exposed to insalimosapride for 1-4
hours and for 10to 10° concentrations. Subcellular fractionation of human
skeletal muscle membranes, i.e plasma, and inlsderelmembranes were
prepared from muscle cells as described previddslgolated membrane
fractions from human skeletal muscle cell were actigid to SDS-PAGE on
8% resolving gels and immunoblotted as previousfyorted (30ug protein,
5 % silk milking blocking 1 hrj*  Protein content of each of the isolated
membrane fractions was determined using the BCAteproassay Kkit.
Nitrocellulose membranes were probed with antisgainst GLUT4 (1:2000,
abcam, M.A, U.S.A). Primary antibody detectisas performed using either
horseradish peroxidase-conjugated anti-ragkdt (1:2000, SAPU, Scotland)
or anti-mouse (1:2000, SAPU, Scotland) for 1 h.

6. IRS-1 tyrosine phosphorylation

Myotubes were starves overnight and stimulates itimmol/l  insulin for
3, 10, 15, 30, and 60 min. Cells were lysed, IRBete immunoprecipitated
with specific antibodies (1:100, Upstate Bioteclmgyl Inc., lake Placid, NY,
U.S.A) and then separated by SDS-PAGE. After fexngnembrane were
first probed with an anti-phosphotyrosine antibaatyd then stripped and
probed with an anti IRS-1 antibody (Upstate Biotetbgy Inc., lake Placid,
NY, U.S.A).

7.Statistical analyses
All statistical analyses were performed using SR®ES 11.0 (Statistical
Package for Social Science, SPSS, Chicago, I, Y@4.data are presented
8



as means = SD. Pre- to post therapy values arearaeshpising a paired t test,
with significance reached Bt< 0.05.

[ll. RESULTS

1. Invivo study

Clinical characteristics of subjects are given @mblE 1. The subjects
were matched for age. Basal blood glucose valubgr @anthropometric
parameters and biochemical profiles were compaiadti@een two groups.
Treatment of mosapride to IGT patients improvescagbe utilisation
(mosapride 5.47 £ 1.72 vs 7.06 = 2.13, p=0.004 ¢qla 5.42 + 1.85 vs
5.23 = 1.53 mg.kgmin) in euglycemic hyperinsulinemic clamp test.
Glycemic control was improved: significant decreaseere observed in
the concentrations of fasting blood glucese ( 1#522.3 vs 107.11+ 15.3
mg/dl , p<0.005 ) after 2 weeks of treatment of aprgle (Table 1&2,
Figure 2).

Table 1. Baseline clinical characteristics

Mosapride group Control group
N 20 10
Sex (male/female) 14/6 8/2
Age (years) 50+ 11 48 +9
BMI (kg/m?) 253+1.7 25.8+1.2
Systolic BP (mmHg) 120+ 3 120+ 2
Diastolic BP (mmHg) 79+2 80+1
Current Smoking (%) 25 30

Values are expressed as means = SD, N: number, IBMy mass index, BP:
blood pressure



Tabe.2. Effect of mosapride on metabolic paraméatestudy subjects.

Mosapride group (N=20) Control group (N=10)

baseline 2 weeks baseline 2 weeks
BMI (kg/mz) 253+17 252+15 258+1.2 258+0.9
Systolic BP (mmHg) 120+3 121 +1 120+ 2 122 +4
Diastolic BP (mmHg) 79+2 80+1 801 781
Fasting glucose

115.2 +21.3107.11+ 15.3114.2 + 20.9113.9 + 19.2

(mg/dl)
HbA1c (%) 558+0.6 54+05 559+22 555+1.2
Total cholesterol

176 + 28 179+ 34 172+25 179+29
(mg/dl)

Triglyceride (mg/dl) 143 +101 156 +74 149+82 162+75
HDL-cholesterol

385 39+9 39+9 375
(mg/dl)
LDL-cholesterol
112 £ 20 109 + 29 115+ 15 118 +19

(mg/dl)
Fasting insulin

530+3.0 4.81+28 528+26 530+3.2
(nU/ml)
Fasting C-peptide

2.07+0.32 1.98+0.50 2.01+0.24 2.07 £0.42
(ng/ml)

GDR (mg.kg-.min?) 5.47 +1.72 7.06 +2.13 5.42+1.85 5.23 + 1.53

Values are expressed as means + SP<0.05 from baseline. N: nurer

BMI: body mass index, BP: blood pressure, GDR: ghgcdisposal rate
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T T
mosa_before mosa_after control_before control_after

Figure 2. The change of glucose disposal rate glarirglycemic hyperinsulinemic
clamp test.
* P<0.05 from baseline, GDR (mg.kgnin™)
Mosa_before: mosapride treatment group, Oweelsansfter: mosapride
treatment group, 2weeks after medication, contefore:placebo

group,0week, control_after:placebo group, 2weeter afiedication

2. GLUT-4 expression

To examine the mechanism of 5 HT-4 receptor agomishprove insulin
sensitivity, we compare protein expression GLUT#d aRS-1 with
specific antibodies directed against these protbetsveen muscle cells
treated with insulin and mosapride. Figure 3 shomepresentative
immunoblots from separate experiments showing th@dapride induces
an increase in the plasma membrane abundance of @LUo gain some
insight into whether components of the insulin sigrg pathway may

participate in 5-HT4 receptor signaling we investeyl whether mosapride
11



treatment modulated the phosphorylation statuRsf |

PM IM PM IM

W |+ a9

Figure 3. Effect of insulin and mosapride on theiratance of GLUT4 in

subcellular membrane fractions from human muscldl. ce

PM:Plasma membrane, IM:Intracellular membrane, $&abha
l:Insulin, M:mosapride

3. IRS-1 tyrosine phosphorylation

IRS-1 are phosphorylated on tyrosine residueshigyinsulin receptor
after insulin stimulation. Figure 5 shows an aritégphotyrosine blot of
IRS-1 immunoprecipitates. Insulin induced tyrosisigosphorylation of

IRS-1 but mosapride did not. This result suggesitedl IRS-1 was not a
downstream target for 5HT-4 receptor.

. . - W~ Insulin

LR

Mosapride

Figure 4. IRS-1 tyrosine phosphorylation. Myotubesre starved overnight

and then stimulated with insulin (17nmol/l, uppeel and
mosapride(lower line).
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IV.DISCUSSION

The course of type 2 diabetes is slow and metabblimrmalities that lead
to hyperglycemia are established long before od@tetes (as defined by
World Health Organization/American Diabetes Asstoia criteriaé®™"")
developes!™ This state, where abnormalities in glucose metabolare
present but elevation in glucose is below the ¢ytoint for establishing the
diagnosis of type 2 diabetes, is referred to agifaeete<? Insulin resistance
is also major pathophysiology of IGT state as dype 2 diabetes. Skeletal
muscle is the major organ for insulin-stimulatediogise dispos&l and
glucose transport is rate limiting for such dispdsBefore over diabetic stage,
impaired activation of glucose transport in musmatributes importantly to
insulin resistance in type 2 diabetdsin both later and earlier phases,
including impaired glucose tolerance, wherein blghacose levels are only

minimally increased.

Defects in the insulin-signaling cascade leadingstdJT4 translocation
and glucose uptake play an important role in ththgagenesis of insulin
resistance in skeletal musél&. Most of the data have been gathered in
patients with full-blown type 2 diabetes. HoweWdtle is known regarding

signaling defects in prediabetic stages such as IGT

The mechanisms underlying defects in insulin-stated glucose transport
in IGT and type 2 diabetes are uncertain. Except rforbid obesity,
insulin-sensitive GLUT4 glucose transporter leviaelskeletal muscle are not
altered® and further studies have suggested that there meaylefects in
insulin signaling and translocation of glucose $morters to the plasma
membrane.

13



Previous work has shown that mosapride treatmehtdea reduction in
hyperglycemia with a simultaneous reduction inu&tng insulin secretion
of the patients with type 2 DMThey also have shown that there expressed 5
HT-4 receptors in the muscle as well as in thenbaaid intestine by RT-PCR
analysis. In the present group of IGT patientsra®teveeks of mosapride
treatment, the simultaneous fall in blood glucorsd @msulin concentration
suggested an overall improvement in insulin acfidris was clearly shown in
the increase glucose utilization in the euglycemyperinsulinemic clamp

test.

In these studies the resulting hypoglycemia couwtl explained by an
increase in insulin secretion and proposed thatmiai mechanism by which
5HT-4 receptor agonist may promote a lowering blghttose was directly
stimulating glucose uptake in skeletal muscle; #ondbased on recent work
showing that human skeletal muscle express the &Hd@eeptof. To test
this hypothesis we carried out SDS-PAGE and immlgttibg to determine
increase of translocation of GLUT4 from internal miwane to plasma
membrane after mosapride treatment. To gain sormsighin into whether
components of the insulin signaling pathway maytigigate in 5HT-4
receptor signaling, we investigated whether 5HTeteptor stimulation
modulate the phosphorylation status of IRS-1. IR$rdsine phosphorylation
has a tendency to be lower in mosapride treatédid¢es result suggested that
5HT-4 receptor agonist causes a rapid stimulatiogliicose transport that
occurs as a result of the increased recruitmegtumiose transporters ftom an
intracellular pool to the cell surface. Post-receignaling events involved

in eliciting this stimulation currently unknown.

Recent studies suggest that insulin stimulatesogkidransport through
insulin receptor-mediated tyrosine phosphorylatioh IRS-1 or other
intermediates that activate PI3K, which, througtréases in PI-3,4,5-(P£;

14



(PIP 5), activate downstream effectors protein kinasePBR/Akt) ***” and
atypical protein kinase Cs (aPKC§) and A1.?®% Although defects in
IRS-1-dependent Pl 3-kinase activation by insulimuscle of type 2 diabetic
human subjects have been repoffedinformation on downstream activators
of glucose transport is controversial or lackinghu$, defective PKB
activation was seen during incubation of musclgstof nonobese type 2
diabetic human¥ whereas PKB activation was undiminished in muscle
biopsies taken during clamp studies in obese tygiatetic human¥ Further,

it is currently unknown whether aPKC activationdisfective in muscles of

type 2 diabetic subjects.

Concerning IGT, decreased incremental but normalolate levels of
IRS-1-dependent PI3K and no significant reductioriPKB phosphorylation
were seen in human muscle in a eyglycemic hypdiiresaic clamp test®
suggesting that other factors may contribute mdrectly to defects in
insulin-stimulated glucose disposal. On the othandy defects in glucose
transport and IRS-2-dependent Pl 3K and aPKC dimivavere observed in
cultured myocytes obtained from obese/impairedagadolerant humaris.

15



V.CONCLUSION

In summary, these results show that 5SHT-4 receggionist, mosapride is
effective in decreasing plasma glucose concentratigithout stimulating
insulin secretion in IGT patients and 5HT-4 receptgonist causes a rapid
stimulation in glucose transport that occurs assult of the increased
recruitment of glucose transporters from an intialze pool to the cell

surface.
The result that IRS-1 tyrosine phosphorylation &i@asndency to be lower

in mosapreide treated cell indicated that SHT-4eptar agonist can
stimulate translocation of GLUT4 in skeletal musble a mechanism of
which does not depend upon components that pateip the early insulin

signaling pathway.
Further study should focus on activation of PI3Khdphoinositide

3-kinase) with treatment of mosapride and posgjbilhat 5HT-4 receptor

signaling may converge at some point downstreaRi2k.
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