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' ABSTRACT -
A radiOimmunoassay'waS»devélépéd;'épeéific‘fqrvthe"gastrointestinal polypeétide,-
motilin;. Antisera .were raiséd'in.guinéa*piés and‘rabbifs;:.The'immunogen'was
_porcine motilin; conjugated . to-bovine serum albumin by thé'tarbodiimide condensa-
tion reaction. .The routine antiserum behaved:idéntiCally towards endogenously—
released motilin and the:pﬁre standard’prepération; A redioactive tracer of high
specific activity was obtained after incorpdf;tion of 125 lodine into the
" motilin molecule by the Chlbramine;T method. The optimum conditidns for all
other assay variables were established to produce the most sensitive displacement
(standard) curve. Motilin antiserum, coupled directly to an agarose:maffix,
retained full antibody activity and sensitivity. It is a feasible technique for
use in both the radioimmunaassay and in . thé e%traction’of motilin from both

serum and tissue extracts.

The fasting serum 1evel$'of IR- motilin was 190 ha 131 pg/ml in men and
294't744_pg/m1 in dogs'(méan t'SD). The increase in motor activity in the
eitrinsically denervated fundic pouch of the dog after duodenal alkalinization
was éééociated with a concomitant elevation in serum IR- motilin levels: This
increase in serum IR- motilin was in the same range as th;t achieved by the
exogenous administration of the porcine polypeptide which produced the same motor
response. ' Duodenal acidification produced an appa;ent increase in serum IR~
‘motilin with no associated increase'in gastric motor activity. Only 6he peak of
motilin immunoreactivity was detected when serum containing alkali-stimulated
motilin or a partially purified duodenal ektract were subjected to gel filtration

on Sephadex G-50. The distribution of motilin throughout the hog gastrointestinal

‘tract, .determined by radioimmunoassay on partiallyfpnrified-extracts,_agreed with
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.the immunocytochemical findings that motilin was predominantly located in the

:duodenUmcénd.jejunum,’with“traces}initheWupperﬁileum.

Virtually the intact molecule was required for the expression of :full biolo-
. glcal potency. The individual amino acids were important.inasmuch as they

contributed to the charge distribution and conformation of the molecule.

- The physiological release'and'fﬁnction of motilin have yet to be determined.
Elevated levels of circulating IR- motilin have not been associated with any
- gastro-intestinal fhnction; although they appear to be depressed by feeding.
Motilin has been implicated in the control of the interdigestive phase of

~ gastric motor activity. It may be acting in a local or paracrine manner.
Motilin has not been implicated in any'cﬂdmical}slﬁté0@b Wﬁtﬁet;

The hormonal status of gastric inhibitory polypeptidé (GIP) has been studied
with the-e#isting radioimmunoassay,;medified to ‘improve the label specific
activity (by ion e%change chromatography). Direct coupling of GIP antisera

to agarose beads was unsatisfactory, antibody activity and sensitivity being
greatly reduced by thé»close prokimity of the solid matrix. The postulated
role of GIP as the enterogastrone'of Kosaka and Lim, suggested by studies with
exogenously-administered polypeptide, was confirmed by ekperiments in the dog.
Pentagastrin-stimulated gastric acid secretion was inhibited by intra-duodenal
infusion with glucose or fat; this inhibition being associated with a signifi-
cant elevation in the circulating serum IR- GIP levels, within the range pro-
duced by ingestion of a mi;ed meal. GIP does not appear to be involved in the-

inhibition of gastric acid secretion produced by duodenal acidification.



Endogenous*GIP.stimulated'b&‘oithér“fat'orsglucose“e%hibitedﬂat‘least 3
‘immunoreactive oomponentsgafoor)oolumn'othmatography;a The IR~ GIP eluting

in theé void volume appeared to- reprosent a non-specific COmple£ between

GIP and a serum proteih and is'possibly biologically inactive. A second IR-
GIP component with a molecular weight of 7500-8000 (ProGIP); eluted ahéad of
the established form of GIP (molecular weight = 5105). ProGIP has been found
to be relatively unstable;  ProGIP and GIPSOOO have also been detected in
egtracfs of hog duodenal mucosa. The established insuliootropic effeot of

GIP correlates bést with that percentage of the total IR- GIP composed of
ProGIP and‘GIPSOOO. The relative proportions of IR~ GIP5000 and IR- ProGIP in
serum samples taken at different times after -ingestion of either fat or glucose, .
suggest that ProGIP is either a precursor of GIP or that the ProGIP-producing

cells occupy a more distal region of the duodenal and jejunal mucosa than the

GIP- producing cells.

E%ogenous-administration of synthetic somatostatin in dogs and man will inhibit
both. GIP release by either fat or glucose and the insulino-tropic action of

GIP at the level of the B’-cell. Naturally-occurring intestinal or pancreatic
somatoétatin may contribute to the control of GIP release and éerve to modulate

the GIP- mediated response of the gastric parietal or pancreaticB. -cell.



ABSTRACT _— —

TABLE' OF CONTENTS

LIST OF TABLES =——————m——mmmmm e ——

LIST OF FIGURES - - e e e e e o e e

 ACKNOWLEDGEMENTS -mmm===mmmmm=mmmmmmmwm m s = wm s

INTRODUCTION - —— ——— —_—— _—

METHODS -— —————

—t

DEVET.OPMENT OF A RADIOIMMUNOASSAY FOR MOTILIN
A. Rationale

B. Iodination of motilin:.

1, Chloramine~T method

2, Lactoperoxidase method

Estimation of specific activity of 125I-—motilin

C.. Productionsof antisera:to motilin

1. In guinea pigs

2. In rabbits

3. Storage of antdsera

4. Effect of warying antibody titre

5. Measurement. of comparative immunoreactivity of antiserum
6.Antibody recognition of antigen in standards aqd unknowns
7. Measurement of the affinity of the antisera

D. Conditions of fhe radioimmunoassay

1. Methods of stanﬂard curve evalﬁation

2. pH of the diluent buffer

3. Trasylol concentration of yhe diluent buffer

4. Plasma concentration of the diluent buffer

5. Concentration of labelled antigen added

6. Period of incubation .

7.:Protection from adsorption to glass

8. Routine assay conditions

9. Separation procedures

0. Methods of data analysis

Page

ii

Xi

xiii .

xviii

19

19
19
20
20
25
25
30
30
30
32
32
35
40
40
42
42
44
44
46
46
48
50
52

54

56



Page

E. Assay standards and inter-assay controls 59
1. Preparation and storage of standards , 59
2. Preparation and storage of controls ‘ 59
3. Inter- and intra-assay controls S 60
PREPARATION OF ' SYNTHETIC AND NATURAL MOTILIN FRAGMENTS
AND ANALOGUES = —nmmmmmm o i cmommm e | 60 -
A. Synthetic motilin 60
1. Preparation of 13-norleucine motilin ‘ 60
2, freparation of synthetic motilin. fragments 61
B.. Fragments of natural motilin 61
1. Cyanogen bromide cleavage of motilin 61
2. Tryptic and chymotryptic digestioﬂ of motikin 61
C. Modifications of natural motilinl . .62
1. C-terminal reéidue removal : 62
2. N-terminal residue removal | ‘ ' | 62
3. Identification of the N—terminal.residue 63
4. Acylation - acetylafed derivative . 65
5. Acylation - succinylated derivative ° 66
'AFFINITY CHROMATOGRAPHY ———mm—mmmm e 66
A. Activation of Sepharose 4B 66
B. Coupling of ligand to activated Sepharose .4B 67
COLUMN CHRQMATOGRA?HY - —4——-—;—-~—————— 67
A. Gel filtration ) .67
B. Ton exchange chromatography 71
POLYACRYLAMIDE GEL ELECTROPHORESIS ' ———— ———— 72
A. Method for -staining and destaining for qﬁalitative faoT

determinations . 73
B. Method for staining and destaining for qualitative

‘determinations : 73
ANIMAL PREPARATIONS ———mmm o mmmmmmmm oo e - 74
A. Chronic dog preparation 74
1. Bickel pouch , 74
2. Mann-Bollman fistula. ‘ . ‘ 75
3. Gastric fistula : ‘ ' 76
4, Truncal vagotomy 76
5. Antrectomy . 76



6.

EXPERIMENTAL PROCEDURES | -

A. In chronic dogs with Bickel pouches and duodenal fistulae

N N =

C.

SERUM ANALYSLS ———mmmimmm o mmmminm A ——

A.
I.

e
.

o M

[ I S GV N ¢

N R H O ~N o U

B.
RESULTS

ESTIMATION OF THE DEGREE OF CONJUGATION BETWEEN POLYPEPTIDES
_AND BOVINE SERUM ALBUNIN S ———

a.

. Purification of

. The insulin antibody

vii

Vagotomy and antrectomy

Bioassay for motilin

. Effect of GIP on gastric acid secretion

In chronic dogs with gastric fistulae

. Determination of the rate of gastric emptying of'liquiés

. Determination of the rate of gastric emptying of solids

In the intact dog

Radioimmunoassays
GIP radioimmunoassay

Todination of GIP

. Routine chloramine-T iodination and purification

Variation of chloramine-T iodination

.. Lactoperoxidase iodination

1251 crp

125

. Extension of shelf-life of I-GIP

Production of antisera to GIP

Storage of aﬁtisera

"Characterization of antisera

Assay protocol

Preparation of standards

. Preparation of controls

Separation techniques

Insulin radioimmunoassay

.- By commercially available kit

By non-commercial radioimmunoassay

Iodination of insulin

Assay protocol

Serum glucose determinafion

With motilin

Page

76
77

79
80
81
81
82
83
83
83
83
84
84
87
87
89
89
93
93
93
93

~ 95

95
95
97
97
97
99
100
100
101
102

102

102



viii

. Page
B. With GIP ' ' 102
REPRODUCIBILITY OF IR-MOTILIN DETERMINATIONS —-—m-————e——m 104
COMPARISON OF RADIOIMMUNOASSAY AND BIOASSAY FOR MOTILIN - 104
A. Immunological comparison - 104
B. Biological comparison ‘ | 108
MOLECULAR HOMOGENEITY OF MOTILIN : ——— —— 112
A. In serum | ' ' - 112
B. In tissue extracts - | L ‘ v 112
DISTRIBUTION OF MOTILIN THROUGHOUT THE. HOG GASTROINTESTINAL
TRACT = — e e e e e e e ——————————— e 115
RELATIONSHIP BETWEEN‘GASTRIC (FUNDIC) MOTOR ACTIVITY AND
ENDOGENCUS MOTILIN RELEASE - : : s o e 118
EFFECT OF INGESTION OF GLUCOSE OR A MIXED MFAL ON THE
CIRCULATING LEVELS OF IR—MOTILiN —— - S .119
COMPARTISON. OF THE'IMMUNOLOGICAL AND BIOLOGICAL ACTIVITY o
'OF SYNTHETIC AND NATURAL MOTILIN FRAGMENTS AND ANALOGUES - - 132
A.'Immunological comparison . 132
I. Synthetiélmotilin and fragments‘ - 132
II. Fragments of natural motilin : ) ' o 132
-fa.'Cyanogen bromide cleavage : , ' : _ 132
b. Tryptic and chymotryptic digestion , ' 137
'~ III. Modifications of natural motilin. : o - 137,
- a. Removal of C-terminal residue(s) , 137
b.AAf;er removal of N-terminal residue ‘ ' 137
€. ‘Acylation - acetylation L : , 139
4. Acylatioﬁ - succinylation - o o 139
B. Biological comparison ’ ' 139
I. Synthetic motilin - . ' . 139
II. Fragments of natural motilin : 139
IiI. Modification s of natural motilin : 142
a. Removal of C-terminal residue(s) 142
b. Removal of N-terminal residue . 142
c. Acylation —’acetylation' . 142

d. Aéyléfion - succinylation : 142



AFFINITY CHROMATOGRAPHY mmmmmm o mmmmmmmmm o e ———

A.
I.

Application to radioimmunoassay

Motilin

a. Antiserum dilution and change in activity

o

I7.

H W o

II.
ITI.
LIV,

EFFECT OF MOTILIN ON THE RATE OF GASTRIC EMPTYING -————--

A.
1.

1I.

I.
II.
- III.

A,
B.

RIA standard curves and chenge in sensitivity

GIP

. Antiserum dilution'and'change in ‘activity
RIA: standard’curves. and:change’in sensitivity

. Application to the purification of motilin

. ' 12

Purification of 5I—motilin

Extraction of motilin added to plasma
Extraction of endogenous motilin from serum

Isolation of motiiin from Presekretin

Control studies in the. gastric fistula dog

Effect of motilin on the rate of gastric emptying of
liquids '

Effect of motilin on the rate of gastric emptying of

solids”

. Effect of motilin on the rate of emptying of liquids

after truncal vagotomy and/or antrectomy
Effect of motilin after truncal vagotomy
Effect of motilin after antrectomy

Effect of motilin after vagotomy and antrectomy

MODiFICATIONS TO THE GIP RADICIMMUNOASSAY —————=——=———————

Antisera raised to GIP

Iodination of GIP

EFFECT OF SOMATOSTATIN ON THE CANINE RESPONSE '.TO GIP -——-

A.
I.

II.

Effect of somatostatin on the release of endogenous GIP
On the insulinotropic action of GIP released by oral
glucose

On the release of endogenous GIP by oral fat

. Effect of somatostatin on the response to exogenous GIP

Page

144
144
144
144
144
150
150
150
153
153
155
155
159
159
159

159
162

162
162
162
166
166
166
169
169
169

169
172
172



Page
RELATIONSHIP BETWEEN GIP AND GASTRIC ACID SECRETION ~—--- 179
A. Effect of exogenous GIP oﬁ gastric acid secretion 179
B. Effect of endogenous GIP on gastric acid secretion _ 179
- I. After intraduocenal infusion of fat : ' 179
“1I. After intfaduodenal infusion of glucose . 187
C. Effect of an intraduodenal infusion of acdid on gastric
acid secretion ‘ 187
D. Effect of an intraduodenal infusion of saline on gastric
acid secretion o . , 187
_STUDIES ON THE POSSIBLE HETEROGENEITY OF GIP -————————==== _ 195
A. In serum ) | : | 195
I. Imﬁunoreactivity of GIP released by fat or glucose ' 195
II. Immunoreactivity of GIP after column chromatography S 195
iII. Immunofeattive_forms of‘GIP released by fat or:glucose 201
a. After oral fat = = » - 201
b. After oral glucose » _ o 201
IV. Immunoreactive forﬁs of GIP after its eﬁogenous -
administration ) ‘ 201
B. In tissue extracts ‘ , o | © 204
Initial tissue extraction 204
II. Purification : ) © 210
a. Methanol insoluble extract on Sephadex G50 | | 210
b. ProGIP I on (M cellulose - o | 210
c. Stability of ProGIP ' , 212
IIi. Molecular weight determination ' 212
DISCUSSION e - 218

BIBLIOGRAPHY ————— - ' S Py 260



xi

LIST OF TABLES

Table Page
I. Motilin guinea pigs - immunization schedule 31
IT. Motiiin rabbits - immunization schedule 33
ITT. Effect of varying antibody titre on assay sensitivity 37
Iv. Effect of varying Trasylol concentrations in the diluent buffer 44
V. [ffect of varying plasma concentrations in the diluent buffer 46
VI. Effect of varying the antigen concentration on assay sensitivity 48
VIiI. Effect of varying the incubation period and type » 48
VIII. Effect of siliconization or plasma addition on the assay system 50
IX. Layout for the routine radioimmunoassay 53
X. Effect of varying the charcoal concentration on the separation
procedure in the assay for motilin 56
XI. Effect of treatment of 125I—GIP on the NSB of that label 91
XII. Results, in pg/ml, demonstrating reproducibility of motilin

determinations after storage for 3 months, with or without

added Trasylol - o 106
XITI. Comparison of the increase in motility indices after motilin
or Boots !Pdncreozymin' : _ 110
XIv. Distribution of IR-motilin throuéhbut the hog gastrointestinal
tract ‘ 116
Xv. Fundic motor activity response to duodenal infusion with alkali 120
XVI. ‘IR-motilin response to duodenal infusion with alkali 121

XVII. Fundic motor activity response to duodenal infusion with saline 123

XVIII. IR-motilin response to duodenal infusion with saline 124
XIX. Spontaneously induced fundic motor activity 126
XX. IR-motilin response to spontaneously induced fundic mototx
activity 127
XXI. Effect of duodenal infusion of alkali, acid or saline on the
incremental IR-motilin response 129
XXII. Effect of ingestion of oral glucose on the serum levels of »
IR-motilin ' 133
XXITI. Effect of ingesfion of a normal mixed meal on the serum levels
of IR-motilin ' 134
XX1v. Comparison of biological activities of natural and syﬁthetic

motilin , 140



Table

XXVI.

XXVIT..

XXVIII.
XXIX.
XXX.

XXXT.

XXXII.
XXXIII.

XXX1IV.

XXXVI.
XXXVII.
XXXVITI.
XXXIX.

XXXX.

XXXXI.

xii

Page

Comparison of the immunological and biological activities of
synthetic and mnatural motllln analogues and fragments 143

Coupled versus uncoupled antisera at varying incubation volumes 146

“Calculation of: the:.slope at . zero:dose ‘ 148

Effect of a single injection of somatostatin on the incremental
IR-GIP, IR-insulin and serum glucose response to oral glucose 173

Effect of an infusion of somatostatin on the incremental IR-GIP

~IR-insulin and -serum glucose response to oral glucose 175

Effect of a single injeCtioﬁ of somatostatin on the inctremental
IR-GIP, IR—insulin and serum glucose response to oral fat 177
Effect of a single injection of somatostatin on the incremental
IR-insulin and serum glucose response to intravenous porcine :. i
GIP _ : 180
Effect of a continuous infusion of péntagastrin on the H

output of an extr1n81cally denervated fundic pouch 182
Effect of an intravenous infusion of porcine GIP on penta= -
gastrin-stimulated nt output - 183
Effect of a duodenal infusion of fat on pentagastriﬁ—

stimulated H+ output and IR-GIP release a 185
Effect 6f,a ducdenal infusion.of glucose on pentagastrin- .

stimulated H+¢output and. IR-GIP release ' 188

‘Effect of a duodenal infusion of acid on pentagastrin-

stimulated H+ output and IR-GIP release _ 190
Effect of a duodenal infusion of saline on pentagastrin-
stimulatédiﬂf output and IR-GIP release ' 192
Proportions of IR-GIP molecular forms released by fat and

glucose ' . 197
Change in the relative proportions of IR-GIP molecular forms

with the time of serum sampling, after oral fat or glucose 202

Relative proportions of .IR-GIP molecular forms in fractions

obtained from an extract of hog intestinal mucosa 207

A summary of the tissue extraction procedure ‘ 208



Figure

1.

11.
12.

13

14.
15.
16.

17.
18.

19.

20.

xiii

LIST OF FIGURES

Polyacrylamide gel electrophoresis of motilin after éxposure
to chloramine-T '

Chloramine-T iodination of motilin at.a peptide:iodine ratio
of 4 pg: 1 mCi ,

Chloramine~T iodination of motilin at a peptide:iodine ratio
of 2 pg: 1 mCi

Lactoperoxidase iodination of motilin

Standard curve for motilin in comparison with the dilution

- curves for labelled fractions. Measurement of specific activity

Motilin antiserum dilutidon curves
Effect of varying antibody titre on the assay sensitivity
Comparative immunoreactivities of polypeptides with motilin

antiserum

. Comparative immunoreactivity of VIP with motilin antieerum

Dilution curves of sérum samples containing exogenous and
endogenous motilin

Motilin standard curve presented as a Scatchard .plot

Effect of varying Trasylol concentrations on motilin assay
sensitivity

Effect of varying labelled antigen concentrations on motilin

assay sensitivity

Effect of variation of incubation length and type on motilin

assay sénsitivity

Effect of siliconization and plasma addition on.motilin assay
sensitivity |

Effect of varying charcoal concentrations in separation
ﬁrocedure on motilin assay sensitivity

Rodtine standard curve for motilin

Motilin antiéerum dilution curves before and after coupling
to Sepharose 4B

GIP antiserum dilution curves before and after coupling to

Sepharose 4B

Diagram of the chronic dog preparation

<

Page
122
23
24
26
34

36

38
36

41
43

45
47
49
51

55
58

68

69
78



Figure

21.
2.
23.
24,
25.

26.

27.

29.
30.
31.
32.

33.°

34.
35.

36.

37.
‘38.-

39.

40.

xiv

.Chloramine-T iodination of GIP. Column profile of separation

on Sephadex G25

Lactoperoxidase iodination of GIP; Column profile of
separation on Sephadex G25

Chloramine-T iodination of GIP. Column prdfile of separation
on QAE Séphadex A25 .

Comparison of standard curves obtained wifh ;ZSI—GIP with

dr wothout pretreatment with silica or resin '
Effect of plasma addition on the sensitivity of the CIP
standard curve _

Effect of separation of bound antigen from free antigén by

dioxane or dextran-coated charcoal, on the sensitivity of the .

GIP standard curve

- Estimation of the degree of conjugation between motilin

and BSA

'Estjnation of the degree of conjugation between GIP and BSA

-Reproducibilty of IR-motilin determinations

Estimation of the motilin content of an extract by RIA

Estimation of the motilin content of an extract by bioassay

Column profile of a motilin-containing serum on Sepahaex G50

Column profilé of a motilin-containing extract on Sephadex G50

Desalting of a Hog duodenal extract on Sephadex G25

’Effect of a :duodenal infusion of alkaii on fundic pouch motor

activity and circulating IR-motilin levéls

Effect of a duodenal infusion of saline on fundic péuch motor
activity and circulating IR-motilin levels

Change in circulating IR-motilin levels during a spontaneous
burst of.fundic pouch motor activity

Cdmparison of the incremental IR-motilin responses to duodenal
infusion with alkali, acid or saline

Effect of ingestion of. glucose or a normal mixed meal on the
circulating levels of IR-motilin

Comparison of the immunological activity of natural porcine

and synthetic motilin analogues and fragments

Page

85

88

90

92

96

98

103
105
107
109
111
113
114
117 |

. 122

125

128

131

135~

136



XV

Figure ' : _ : : ' : Page
A1 Cbﬁpafisbh Sf the immunologicél activity of natural motilin and
‘natural motilin fragments. . o 138
42, Comparison of the biological activity of natural motilin and
.a synthetic motilin analogue : c 141
43. Comparison of dilution curves obtained with antiserum to

motilin, under routine assay conditions or after coupling to

.Sepharose 4B : 145

44. Effect of coupling of motilin”antiSera to Sepharose 4B on the
sen31t1V1ty of the standard curve : 147
45. Graph showing the slope at zero dose for standard curves ob-
tained with coupled and uncoupled antisera to motilin 149
46, Comparison of the dilution curves obtained with GIP antisera

under routine assay conditions or after coupling to Sepharose

4B _ . 151
,47-- Effect of coupling of GIP antisera to Sepharose 4B on the

sensitivity of the asssy standard curve 152
48.  Column profile of 125I-motilin obtained after affinity

chromatography ' o : ' 154
49, Compafison of-standard curves obtained with 125I—motilin before

and after affinity chromatography ' . 156
50. "Column profile of -IR-motilin obtained after affinity

chromatography of'plasma containing exogenous motilin 157
51, Column profile of IR-motilin obtainedsafter affinity

-chomatography of a serum sample contianing endogenous motilin 158

52.. Column profile of TR-motilin obtained after affinity

chromatography of an impukre extract containing motilin 160
53. Effect of an infusion of porcine motilin at two doses on the
. circulatiﬁg levels of IR-motilin ' 161

54. Fraction of a liquid meal emptied during the infusion of
varying doses of motilin 163
- 55. Fraction of a solid meal emptied at different times during
an infusion of 1 pg/kg/hour motilin. ' 164
56. Fraction of a liquid meal emptied durlng infusion of varylng

.doses of motilin, before and~after truncal vagotomy _ 165



Figure

57.
58.
'59.

60.

61.

62.

63.

64

65.

66.

- 67.

68.

69.

70.

71.

72.

- XVi,

Fraction of a liquid meal emptied during infusion of Varying
doses of motilin, before and after antrectomy

Fraction of a liquid meal emptied during infusion of varying
doses of motilin, after truncal vagotomy and antrectomy
Standard curves obtained with antisera to GIP after incubation

in equilibrium.and diSequilibriuﬁ systems
125

Page

167

168

170

Standard curves obtained with I—GIP,.purified'by gel file=s""

ration, w1th or without - subsequent purlflcatlon on QAE :

Sephadex A25

4

Incremental serum glucose, IR-insulin and IR-GIP responses to

oral glucose, with or without a prior injection of somatostatin

Increméntal serum glucose, IR—insulin and IR-GIP responses

“to oral glucose, with or without a priorﬂinfusion;of»

somatostatin

Incremental serum glucose, IR-insulin and IR—GIP responses

‘to oral fat, with or without a prlor injection of. somatostatln

Incremental serum glucose: and. IR—1nsu11n responses to an
intravenous infu51on of porc1ne GIP with or w1thout a prlor

1nJect10n of somatostatln

Effect of an intravenous 1nfus1on of porcine GIP on penta—’:”“*

gastrln—stlmu]ated H output and IR-GIP levels

Effect of 1ntraduodenal fat on pentagastrln stlmulated H
output and IR—GIP release '

Effect of 1ntraduodenal glucose’ on pentagastrln stImulated
H+ output and IR-GIP release

Effect of intraduodenal hydrochloric acid on pentagastrin-
stimulated H+ output and IR-GIP release

Effect of intraduodenal saline on pentagastrin-stimulated

I_
'H output and IR-GIP release

Comparison of the effects of intravenous GIP and intraduodenal

. X . . + .
~fat, gltcose or acid on pentagastrin-stimulated H output and

" IR-GIP release

Comparison of the immunoreactive forms of GIP released by
ingestion of fat or glucose
Column profile of serum containing glucose-released IR-GIP

on Sephadadex G50

171.

174

176

178

181
184
186
189
191

193

194
196

198



Figure

73.°
74;
75.
76.
77.
78.
79.

80.
8l.

82.
83.

84.

- Column profile of the GIP

xvii

" Column profile of serum containing fat-released IR-GIP on
Sephadex G50 |
‘Relative proportions of'IR—GTP molecular forms released by

“ingestion of fat or glucose

Change in»the_relative propdrtions of the IR-GIP components
with the time of sampling, after oral fat or glucose

Change in the relative proportions of the IR;GIP components
during an intravenous infusion of porcine GIP

Effect of 6.0M ﬁrea on the relative. proportions of the IR-GIP
components in sexrum ‘ ‘

Relative proportions of the IR-GIP components in fractions

-obtained from an extract of hog intestinal mucosa

- Column profile of the methanol insoluble extract on

Sephadex G50 _

Column profile of PfoGIP T on CM.cellulose
| 5000-containing fraction from
Sephadex G50,  on CMccellulose o

Repeated chromatography of ProGIP after;lydphilization and
storagevat -20% ' _ “ _ '
Relationshiip between"Vo/.Ve and molecular weight after
chromatography on Sephadex G50 |

Correlatién between the-biological acﬁivityvof GIP and

the relative proportions of the IR-GIP molecular forms

Page

199
200
203
205
206
209

211
213

2147
215
217

252



xviii

ACKNOWLEDGEMENTS

I.should like to thank my supervisor, Dr john C. Brown, for the opportunity
to undertake Graduate Studies,‘and for his help, guidance, forbearance and
friendship during this time. I am also grateful for the support, both
practical and moral, given to me by members of the Faculty and étaff of the

Department of Physiology.

I am also indebted to Mr Kurt Henze and Mr Ralph Assina, for the preparation
of the illustrations in this thesis, and to Ms Dianne Lynch and Mrs Mary

Forsyth, for the typing of the text and tables.

Financial support from the Canadian Medical Research Council is gratefully

acknowledged.

This thesis is dedicated to the memory of my father, John Dryburgh, who

all unknowingly started me along this path.



xix

LIST OF ABBREVIATIONS

APUD - amine precursor, uptake and decarboxylation
BGP - brain gastrin immunoassayable peptide
BSA - bovineserum albumin /
CDI - carbodiimide

CE plasma - charcoal extracted plasma

CCK-PZ - cho1ecystokinin—pancréo;ymin

CNBr -~ cyanogen bromide

FCA -~ Freunds Complete Adjuvant

GIP - gastric inhibitory polypeptide
GLI ~ glucagon-like immunoreactivity
IR- - = immunoreactive

IRP -~ insulin-releasing polypeptide

KIU - Kallikrein inhibitor units

LDD - léast detectable dose

M5 - pure porcine motilin

ND - non-detectable

NSB - non-specific binding

PTH ~ parathyroid hormohe

PITC - phenylisothiocyanate

PLC - proinsulin—like componeﬁt

PZn - Eancreozymin (commercial)

RIA - radioimmunoassay

Sn - secretin

VIP - vasoactive intestinal peptide



XX

Sources of Reagents

125I—sodium (carrier free)

" Chloramine~-T
Sodium metabisulphite
Lactoperoxidése
(from milk)
Hydfogen peroxide (30%)
Bovine serum albumin -
(fr V)
Trasylol (10,000 KIU/ml)

Microfine silica (Quso G32)

AG 1—X10 resin (200-400 mesh)

Freunds Complete Adjuvant

l-ethyl-3-(3-dimethyl) -
amino propyl carbodiimide

‘Dimethyldichlorosilane
Charcoal (Carbon decolour-
izing Neutral)

Dextran T 70

Insulin RIA Kit

Amersham/Searle

Eastman Kodak Co.
Rochester, N.Y. 14650

Fisher Scientific Co.
Fair Lawn, New Jersey

Sigma Chemical Co.
St. Louis, Mo. 63178

Fisher Scientific
Fair Lawn, New Jersey

* Sigma Chemical Co.

St. Louis, Mo. 63178

FBA, Boehringer Ingelheim

Canada

Philadelphia Quartz Co.
Valley Forge, Pa. 19482

Biorad Laboratories

Richmond, California

Difco Laboratories
Detroit, Michigan

Calbiochem
San Diego, California

Biorad Laboratories
Richmond, California

Fishe: Scientific
Fair Lawn, New Jersey

Pharmacia
Uppsala, Sweden

Amersham/Searle

Ky

IMS 30

#1022

S-244

fiL-2005

 H-325

140-1541

341006

Cc-170

M 39



Sephadéx gels
Sepharose resin

CM celluloses

Glacial acetic acid)
Hydrochlorid acid )
Ammonia solution )
Cyanogen bromide
Trypsin - TPCK
Carboxypeptidase A
Phenylisothiocyanate
Trifluoroacetic acid
Dansyl chloride
Acetic anhydride

Succinic anhydride

Ethanolamine

Acrylamide

N N'-methylenebisacrylamide

NNN'N'-tetramethylene-
diamine

Fluothane -Halothane B.P.

0

Lipomul

Pentagastrin(Peptavlon
injectionable)

Pharmacia
Uppsala, Sweden

"

Whatman, England

Aristar BDH Chemicalé
Poole Dorset, England

Eastman Organic Chemicals
Rochester, N.Y.

Worthington Biochemicals
Freehold, New Jersey

Worthington Biochemicals
Freehold, New Jersey

Eastman Organic Chemicals
Rochester, N.Y.'

Eastman Organic Chemicals
Rochester, N.Y.

Sigma Chemical Co.
St. Louis, Mo. 63178

Eastman Organic Chemicals
Rochester, N.Y.

Eastman Organic Chemicals
Rochester, N.Y.

Sigma Chemical Co.
St. Louis, Mo. 63178

Eastman Organic Chemicals
n n "

Ayerst Laboratories, Montreal

. Upjohn Co. of Canada

Don Mills, Ont. s

Ayerst Laboratories
Montreal, Canada

Xx [

919

230 u/mg

- 13004

868

A-5629

X 5521
8383
8178

#3125

#1984N

#3290



. 'INTRODUCTION - :

In l905tStérlingtadoptedlthe'éérm:"hsrmone"ﬁ-first:coined'by'W;B:'Hardy, to
désCribe'a.chemical'substaﬁce;}réIEASéd]bylSOmeiphySiological.Stimulus‘from

its cell of origin.and ’carrigd_zto; its target. organ by the circulation. Over
the last decade the facts which have emerged about endécrire control in general,
and gastrointestinal control in particular, would indic¢ate that this classic
paradigm must undergo revision and re-evaluation and that the role of a chemical

~ messenger may be more'subtle than was originally envisaged.

The three generally agccepted hormones with gastrointestinal activity, secretin,
_ gastrin and cholecystokinin-pancreozymin have known chemical structures and’
physiological importance. They have been joined‘over the last ten years by
numerous other peptides of both gastrointestinal and ektra-gastrointestinal
origin. These substances have had their structures confirmed but their true
hormonal status is udncertain, e.g., motilin, gastric inhibitory polypeptide
(G1pP), vasoéctive intestinal peptide'(VIPW, bombesin and somatostatin. Other
Workers have introduced impure ektracts with biological activity, whose active
moiety may be idenfical with other, already identified polypeptides, e.g{,
insulin-releasing peptide (IRP), bulbogastrone, enterogastrone and chymodenin.
These candidate hofmones were described succinctly by CroSsman (1974) as being
either "peptide mimickers of physiological events or pure peptides seeking
physiological roles". The results obtained when the classical physiological

’ method;'of assessing humoral étatus were applied to these peptides were equi-’
vocal, in many cases. The infusion of sufficient exogenous‘pure polypeptide
into.the?circulation; usually'accepted“as.theﬂDSO,‘in‘order to mimic a physiolo-

- gical event, or the traditional cross-circulation experiments were no longer
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enough to establish true phySiological.function..,The effectiVe levels achieved
byﬁe#ogenbus administratiOn;of.thelpolyéeptide.Shohld.be'in the-range of the
.serUm 1evelS'meaSured'dﬁring4endogen0ﬁ§‘polypeptide.release:ﬂ.This.requirement

- is complicated by the fact that the:biolégicaliactivitytobserVed‘during the
endogenous :release of any‘gastrgintestinal polypeptide is being modulated by the
activity of 6ther'polypeptides\reléaSed'at the same time: Before the hormonal
status of a biologically’active.principle can be evaluated it,musé be available
in a cheﬁically‘pure form; vide the confusion which has ariseh around the biolo-
~gical activity of eholecystokinin-pancreozymin, due to the studieé which have been
performed with a preparation of this polypeptide which was only.10-14% pure. "
Some method for theé measurement of -serum and tissue 1évels of the putative

hormone is also essential.

Some of the candidate hOrmones'which_fall_into the second category of Grossman,
i.e., polypeptides‘eitracted from biological tissues, which have-been'purifiéd
and charactefized, includeTVIP, somatostatin and mdtilin. These substances,
infused intravenously, demonstrated varied biological activities, but their
endogeﬁous-release'cannot bé measured in association with any of these activities
by any of the methods developed for the estimation of that subs;ance in the
circulation. 1In 1953 Feyrter described his concept of the parécrine cell. He
postulated the ekistence of secretory cells, scattered throughout the géstro—
intestinal .mucosa, adjacent to their target cells. ' The structures he thought -
responsiblé, the "helle Zellen" or clear cells were later recognized as being
identical with the APUD'(gmine_{E;ecursor uptake and decarboxylation) cells

of Pearse (1968). TUnder ndrmglﬂcircumstances, he postulated, the secretions of

these cells would pass:tdithe'target cell via the extracellular fluid and never

"spill" into  the circulation in any significant amounts.  The paracrine system



has yetlto:be'provenltO'é%ist“bﬁt.if is a.plausible concept'and-the . gut.
'muCOSa;.whiCh méy.be'regarded)as.the‘éingle:largest endocrine-organ in the-
body, with itS:multitude'Of?secrétérf‘and:receptor.cellsiscatteredfovér an
immense area, would be ideally 'suited to such-a mechanism. Some evidence\
for the existence of thekmodification_of endocrine:functioﬁ'hasAbeeh obtained

with somatostatin.

This tetradecapebtide'Was ogiginally isola#ed'from the hypothalamus of the

sheep by Brazeau et al (1973) during their search for a pituitary growth

hormone releasing factor. 'Insfead they were repeatedly able to demonstrate

the ééistenée of a growth hormone release inhibitory factor. This material

was. extracted, purified, sequenced and later synthesized. It was originally
named somatotropin-release inhibitory factor (SRIF) or growth hormone-release
inhibitory hormone (GRIH) but the findings that it was able to inhibit the release
of insulin (Alberti et al, 1973), gluqagon (Gerich et al, 1975), gastrin

(Bloom et al, 1974) and GIé (Pederson. et al,1975) have favoured the use of a

less specific name, somatostatin, Studies w;th gastrin and GIP have-indicatéd
that sométostatin did not only inhibit endogenous release of these polypeptides
but also blocked'their‘acfion at the level of the target cell. If effective
levels of hypothalamically-released polypeptide were td occur in the circulation
all these systems would be inhibited simultaneously, aﬁd»this is an unacceptable
‘premise. Somatostatin—producingmpells have been localized by immunochemical
means»in'hypothalamic and pancreatic-islet tissue, and in gastrié‘and intesfinal
mucosa (Dubois, 1975). The location of somatostatin in the pancreas is distinct
‘from the insﬁlin—producing B-cgll; afd the glucagon-producing d.éell. It is

postulated to be the D cell, common to . the pancreas, stomach and intestine.



A teleologlcally more .aceceptable: concept would involye the modulation of
hypothalamlc, gastrlc, “intestinal or- pancreatlc function by: hypothalamlc,
~gastric, intestinal or pancreatlc somatostatln, released locally by an approp—»

riate stimulus, where it acted'in a paracrine manner., .
AN

A second type of secretory process; postulated ‘to ex1st and capable of acting
in the gastrointestinal tract; is the neurocrine system; whose nerve cell

axons extend to the target“organ; Their secretions therefore have only to cross
the synaptic junction;(iﬁ a manner. analogous to .that of the neurotransmitter,
acetylcholine.. Peptides with gastrointestinal activity such. as somatostatin,
substance P, VIP and gaétrin)have_all been’detected in normal neural tissue.
Although somatostatin has been“detected"in both the hypothalamus and pancreas
the possibility that some neural connection ekists betweéen these two areas

seems unlikely in view of the fact tﬁat no nerve fibres to the adult pancreas
have been shown to contain IR- somatostatin. Somatostatin immunoreactivity

has also been demonstrated in the foetal pancreas by the third month of gestatiom.
It is more likely that this peptide is being synthesized in both regions and is
not merely being absorbed by pancreetio_tissue after synthesis in the brain.

The evidence so far available favours a paracrine, rather than neurocrine

role for somatostatin. On the other hand, immunoreactive substance P hes

been demonstrated in both central and peripheral neural tissues, in association
with primary sensory neurons‘in the dorsal horn, and in non-myelinated free
nerve endingé in the skin, sweat.glands and gut wall (Hkaelt.et al, 1975,1976).
It has been .suggested that substance P not only has a direct stimulatory effect
on smooth muscle cells in the gastroiotestinal'tract,;but that it also enﬁances
the effect of nerve stimulation. As these same doses of substance P appear not

to enhance the response to applied acetylcholine to any significant degree, it-
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may be acting prejunctionally to modulate the response of the gut musculature

’to>cholinergic stimulation, and be neurocrine in its action.

Two pol&peptides with established gastrointestinal properties,'gastrin and VIP,
ha§e also been 1ocated‘in neural tissue. VIP was found in the gastrointes-
tinal tract of several mammals (Said'and Mutt,1970) and has been extracted from
pancreatic tumours associated:with the Werner-Morrison syndrome (Blgom et al,
1973). As it has also been extracted from tumours of ﬁeural origin it was
logical to look for VIP in cultured neuroblastoma cells from mice; as well as
in normal canine neural tissue. In the normal extracts the highest conceﬁtra—
tions_were found in the cerebral cortex, tﬁe hypothalamus‘and hippocampus.
IR-VIP was also detected in sympathetic génglia,the adrenal gland and iﬁ _
extracts of the vagus nerve (Said and'Roéenberg, 1976: O'Dorisio et al, 1976).
Extracts from both normal cortex and tumour tissue showed VIP-like activity
when assayed in vitro on rat stomach or guinea pig gall bladder strips. No
phy;iological functions have been assigned to this polypeptide, but the rela-
tively larger concentrations in the central and peripheral nervous system, com-
pared to that in the intestine, suggest that it might function as a neurocrine
transmitter. Immunoreactivity to gastrin has also been detected in the ﬁraiﬁ, pre-
dominantly in the cortical grey matter. Extracts from this region, however,
éhowed a lower affinity for the antiserum used than did heptadecapeptide géstrin,
and eluted behind this gastrin from Sephadex G-25. Vanderhaeghen et al (1975)
have named this material brain gastrin immunoassayable peptide (BGP). It‘
remains to be seen if BGP corresponds to a smaller molecular form of gastrin,
e.g., the tridecapeptide found in sera from Zollinger—Eliison patients (Rehfeld’

and Stadil, 1973a), and to examine the range of its biological activity.



A.model specific for .the actions-of . the:. gastr01ntest1nal polypeptides,.combining

features- from both the. endocrine and paracrine systems, ‘has been proposed by

Wingate  (1976). His Eupeptide system is based on the follow1ng facts. Most

- gastrointestinal polypeptides influence both motor -and secretory activities

of the gut, and most' gastrOintestinal polypépéide—producing cells are situated

in close prox1m1ty to the cell whose secretions they 1nf1uence.' However, it

has been well established that several of these factors are released into the

systemic circulation in significant’amounts:"Wingate therefore postulated a

dual action for the gut peptides and suggested that they acted at a local target
{

cell as a paracrine, to promote secretion or.local musclé activity, and at a

distant target cell to modulate the motor. control of the digestive tract.

Immunélogical techniques such as radioimmunoassay, immunocytochemistry and\
affinity chromatography, have been. applied to the physiology of poiypeptides
and éiltﬁbﬁgﬁé providing some of the answers about their function, they have
aléo raiaed many more problems. The advent of the radioimmunoaséay in parti-
cular (Berson and Yalow, .1958) has proved a valuable tool in monitoring poly-
peptide responses in various situations, but the results require careful
e&aluation. Some long-held beliefs have had to be re—ekamined. Secretin had
been postuiated to be the polypeptide responsible for the-inhibition of gastric
acid secretion when acid passed into the duodenum. Eﬁogenously administered
secretin did, in fact, mimic this response. Howéver, the development of a
radioimmunoassay, specific for secretin, proved that the minimum effective
circulating IR~ secretin levels achieved after infusion of the polypeptide were
much higher than those produced by duodenal acidification (Ward and Bloom, 1974).
When secretin was administered to produce serum IR- secretin levels within the

physiological range, no effect was observed on acid secretion or gastric motor
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activity.although a significent'effect'was.seen on .the -exocrine pancreas, .
.(BIOOm; i975)u: This failure.to. confinm the role of secreétin as. the acid-
stimulated gastric 1nhlb1tory agent by radlolmmunologlcal means; has re-
stimulated interest in the work of AnderSoneet al;.(l967) on the impure
extract of the bulbar :eéioﬁ efzfheﬂdeodenﬁm;.bulbogastrone;“ They were able
to ehow that acidificatioﬁ of.the”bulberureéion resulted.in a profound
inhibition of gastric acid'secretion; which was. not observed if the acid was
inetalled into the lower duodenal regions; However, until this material

has been purified and .its endogenous"release.can be stimulated by physiolo-
. gical secretagogues;_any'suggestions that it is the major inhibitory agent

released by duodenal acidification must be purely speculative..

The use of immunélogical techniques in the measurement of -circulating poly-
peptide levels in serum, .plasma or tissue'e%tracts‘has demonstrated that
several polypeptides e%isted in more than one molecular form. Gregory and
Tracf (1964), using classical peptide ektraction techniques, described two
forms of heptadecapeptide gastrin, differing only in the presence of a sulp-
hated tyrosine residue, but had the foresight to state ''there may be present
in antral mucosa other gastrie composed of part of the peptides we have:
isolated, or indeed incorporating them, or the active parts, within a larger
molecule". In 1971 Yalow and Berson cenfirmed this supposition by demonst-
rating that gas;rin-in human plasma did, ip fact, exist in more than one'
molecular form. This heterogeneity wae,shown immunologically'when different’
antisera crossreacted in.differing degrees with the endogenouslf occurring
polypeptide and'the pure standard preparation; Fractionatioh by gel filtra-
tion, electrophoresis or ion exchange chromatography; followed by. monltorlng

of the fractions obtalned by radlolmmunoassay, allowed comparison of size or
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charge diStinctionﬁbetWeeﬁﬂCOmponents:sharing‘immunoréabtivity?zjBy 1973
‘Rehfeld and.Stadil had isolétédlféﬁr.éompénents of'immunoréacﬁive gastrin
from theﬂSerh,ofiZollinger'é Elliééﬁ'patieﬁts b&’the]technidue of high
resolution gel'filtfation:',Component.I.eluted'in.the-VOid volume of the
column and correspondedﬁtguthé‘"bié;,biéﬁ';astrin”of Yalow and Berson; (1972);
component II (blg gastrin) héd a'molééﬁlar weight of 7000; component III
correlated well with heptadecapeptide gastrin; chponent IV (minigastrin)
was. a tridecapeptide:' The different gastrinsuhévéibeen found to vary in
location,  response to stimuli; and “also pe}haps in function. Big, big gastrin
is a major component of the fasting sera.in normal subjécts but occurs in
insignificant amounts in normal or pathélogical tissue-e%tracfs, and its
serum levels are not elevated by feeding. Treatment of the sera with 8.0M
urea, or solutions of increasing lonic strength, significantly depressed the
size of this fraction of IR- gastrin, suggesting that this largest molecular
form may be a protein/peptide COmplek (Rehfeld et al, 1975). ' The physiolo-
~gical function of such a compleﬁ is not understood, although the suggestion
has been made, with respect to insulin, that this type of protein-peptide
binding may act as a limiting factor in the transport of a peptide across a
cellular membrane (Simon and Antoniades, 1975). Component II or big gastrin
would appear to be the major IR- vomponent in the circulation after stimulation,
whilst the heptadecapeptide form predominates in antral tissue (Dockray et

al, 1975). Evaluation of the importance of the immunoreactive forms of

- gastrin under different coﬁditions is further complicated by the varying
half-lives of the heterogeneous forms of gastrin.

Prior to this.work;,Berson,and Yalow.(l968)'had‘demonstrated that human para-

thyroid hormone (PTH) in tissue extracts had a molecular weight of 9000, whilst
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that in.serum'wgs mostly-domposed,of'a'smallef form with a molecular weight
of 7000. Imn l972»Canterbury,et’a1‘iSOlatéd a third PTH with 'a molecular
weight of15000;- The'7000Qm§1ecﬁ1ar.WeiéhtffOrm'wasbfound to .represent the
C—terminal portion of theflargerFmoleCUle (Ségge et al;jl972? and as Aurbach
.et'al (1971) had postﬁléted'that fheﬁbioloéically.active portion of‘the larger
molecule resided at the N- terminal; the possibility was raised that a
significantly large proportion of the total immunoreactive PTH in sera was
~biologically inactive: Habener et al (1971) have isolated a still larger
"immunoreactive molecule from slices of parathyroid tissue. Biosynthesis
studies; measuring the uptake time of tritiated amino acids into this com-
ponent and-the 9000 molecular weight.form are éuggestive of a precursor-.
polypeptide rglafionship (Cohn et al, 1972) and the largest molecular formkof
PTH can be enzymatically degraded by trysin to.produce a polypeptide with

increased biological and immunological activity.

The best illustration of a precursor-hormone relationship so far comes from

the studies on,ﬁroinsulin and insulin. In 1967 Steiner provided evidence that

—~

the synthesis of insulin involved production of a precursor which was synthe~
lsized in the rough endoplasmic reticulum of the B cells in the pancreatic

islets, and transferred to the Golgi apparatus (Steiner et al, 1969).

)

Approximately 957 of the proinsulin was converted to insulin within thé secre-
tory granules in the cytosol, the remainder: being secreted into the circula-

tion along with the insulin. ' At least two enzyme systems, one trypsin+like

(Nolan et al, 1971) and one similar to a carboxypeptidase (Kemmlerpet al,
. f .
1971) ,appear to be necessary for the conversion of the proinsulin to insulin

°

and a chymotryptic—like‘cleavage‘has been implicated by the work of Tager et

al; (1973) in in vitro studies in the rat islet preparation. The proinsulin

\
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molecule has been found to- vary only sllghtly from species. to species, the
‘average molecular welght belng around .9000." Most studies on the biosynt-.
heSis;of‘proinsulin~haVe.beéhfperfOTmed on:the isolated islet preparation
(Steiner;'1967)1and.converSibn,to‘insulin has beénﬂfoundjté.be.strictly intra-
cellular.” Glucose:is" aﬁ lmpértant regulator of proinsulin synthe31s, which

is favoured under hyperglycaemlc condltlons over other cellular proteins
(Permitt and Kipnis;.l972a,'l972b); " Many .antisera to insulin also cross-
react with proinsulin and other intermediate fOrms; which are together de-
signated:proinsulin—liké-éomponent (PLC), and therefore measurement of IR-
insulin alone would be possible only.after gel filtration. Proinsulin has
been shown to have most of the biological properties of insulin but only.3 -
5% of its biological potency (Narahara, -1972) and as tﬁe IR~ PLC in fasting
sera approéimates 15% of the total IR- insulin it must be taken into account
when/correlating'immunoldgical activity with biological activity.

The ratio of PLC: insulin declines in the first hour after glucose stimu-
lation and then gradually increases. Elevated PLC: - insulin ratios have been
found in hypokalaeﬁias of different aetiologies (Gorden et al, 1974), severe
diabetes and chronic renal failure (Mako et al, 1973), and are diagnostic of B

cell adenoma (Rubenstein et al, 1974).

A different'problem has arisen in the studies investigating the relationship
between the immunoreactive forms of glucagon. Different components of the
total material which crossreacts with antisera to glucagon were found to
respond differently when challenged by the same stimulus. Samols et al
(l965;l966) noted that thé'Circulating.levéls of'immunoreéctive glucagon

(IR- glucagon)appeared to increase after oral administration of glucose and
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that this: 1mmunoreacthlty orlglnated frqm.the gut rather than the- pancreas.'
This was.confirmed by Buchanan et al:(1967) who infused (lntraJeJunally)

~ glucose into- pancreatectomlsed dogs and meaSured a significant increase in
IR- glucagon levels.. Valverde et.al-(l968)vmonitored IR* glucagon after gel
filtration of- dog duodenum'mucosal extracts and found two glucagon—llke-"
'immunoreaétiVe (IR-GLI) COmponénts;'one with a molecular weight of-3500
(small GLI) and a-Secbnd;fmuch largéf*molecu1e; with a molecular weight of
12,000 (large GLI). A fraction similar to the second component of Valverde
was- purified from a crude e%tract‘of pig iléum. by Murphy et al (1973) and

was - found ﬁo possess little biological resemblance to:pancreatic glucagon.
Sasaki et al (1975) further purified the small GﬁI-Component from porcine
duodena by gel filtration.on.BiOgel'P—IO and separated two peaks of protein,
one with a molecular weight around 3500,4which crossreacted completely with
antisera raised to pancreatic glucagon and appeared identical in its spectrum
' fof'biological activity. The second fraction elutedvbehind‘the 125 I-
:glpqagdn markér, had a molecular weight of 2900, and showed varying degrees
of crossredctivity depending on the antisera used in the assay. Histochemi-
“cal studies -of the secretory cells in the gastrointestinal mucosa initially
indicated a cell very similar to the(ﬁ}lcell of the pancreatic islets. Ultra-
structural studiés now suggest fhat, whiist these A- cells in the fundic
mucosa are ‘identical in morphology with the pancreatic d'—cell, those in the
intestinal mucosa show slight structural differences. These have been desig-
nated'A—’like'and may correspond to the EG. cell of Polak et al (1971). The
distribution of the 3500 and 2900 molécular weight components throughout
the-gastrointestinal’mucosa‘correspond closely to the distribution of A

and A~ like Celis respectivélin It is. strongly suggested that GLI, originally

defined by~ Unger et al (1968) to encompass any immunoreactive material origina-
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ting'from.thefgut;fis.not a’singleiéntify;cbﬁt is ‘made up of true glucagon
‘of'gut'oriéin.aﬁd.sévéral.othér.péptides;‘moré‘COrrectlY'cailed‘GLI or entero-
glucagonoid;,whiCh share é.deéfééfbf‘iﬁmﬁnéloéital aﬁd possible biological
identity with true glucaéoﬁ: An oral gluCOSe.load'causes a .decrease in
pancreati¢.élﬁqagon plasma.lévelé'and’an iﬁcreaSe.in circulating IR—GLI

levels and therefore an anfisérum spécific for pancreatic glucagon must be

used to measure the true pancreatic response to this stimulus.

The conclusion must be drawn.that any comparison befween biological and
‘Immunological activity of any polypeptide must take into account the presence
of immunoreactive bgt possibly biologically less potent precursor forms or’
complekes between the peptide ‘and a larger protein, as well as immunologically
gimilar but functionally different molecules. All antisera should be screened
for differences in their crossreactivity with the biologically occurring forms
bf each peptide and in the possibility of raising antibodies to a specific
region of the active molecule considered.

An obvious, though sOmetimes‘eéperimentaliy ignored, observation is that no
physiologically functional peptide acts in isolation, and that its biological
effect is modulated by the hormonal milieu at that time. A:simple e%ample

of this fact is shown by the combined effects of secretin and cholecystokinin-
pancreozymin on the e%ocrine pancreas. In the intact animal there is no
measurable bicarbonate response to an infusion ofchblgcystokinin—pancreozymin,
but a combination of this peptide with secretin will préduce a greater secretory
response than infusion of secretin alone. .The increased enzyme output which
follows’cholechtokinin*panéréozymin is ineffective unless it is washed from

the pancreatic ducts into the duodénum by.the secretin-induced aqueous secretion
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(Brown.et al, 1967a). It is -also logical to correlaté'theiactivity'of gastro-
intestinal.polypeptides'tbtthe!Stage;Of.the'digestive cycle'during which they
'are.nOrmall§ releaSed; and.to'méASure.that'aétiQity'in an environment of the
circulatory digestion products that would pertain at that stagel' Physiological
leveIS'of'IR5>géstrin hé&e no éffeét on insulin release in the fasting man,.
‘but in the presence 6f é.degree’of hyperélycaemia the initial insulin response
after gastrin administration is 1qﬁgér and more pronounced than that seen

after intravenous’gluéoée aloné (Rehfeld and Stadil; l973b); In the isolated,
perfused rat pancreas Pedersoh,and Brown.(l976) were able to demonstrate a

threshold glucosé level, below which GIP had no effect on insulin release.-

The major. functions of the gastrointestinal hormones so far discovered relate
to their effect on the\seéretory capacity or motor activity of the gastro- -
infestinal tract. Another property was suggested by the discovery that gastrin
had a trophic effect on the cells of.ithe gastric mucosa. Patients treated for
duodenal'uléer.bf antrectomy showed atrophy of the gastric mucosa (Lées and
Grandjean, 1968) which was not‘tﬁé\case.if the treatment was vagotomy only
CMélrose.et al, 1964). Disuse atrophy could not be the cause of this as the
acid secretion was initially depressed to the same degree in either case:. In
éontrast,Asubjects with Zollinger-Ellison Syndrome'showed hyperplasia of -both
the gastric and duodenal mucosa (Ellisdn and Wilson, 1967). The role of gastrin
was confirmed in rats, when increased RNA and DNA synthesis resulted from
-single shots of‘gastrin,'and chronic gastrin treatment produced a thickening

of the gastric mucosa (Johnson, 1976). Mainz et al (1973) found that e#ogenous
CCK-PZ’ caused an increase in both cell mass.and cell number in the eﬁocrine
pancreas; and postulated a role for CCK-PZ in maintaining pancreatic function

and integrity. Physiological levels of the synthetic octapeptide of CCK-PZ

were found to have a trophic effect on duodenal mucosa but had no effect on



~ gastric mucosa. These same:levels would, however) inhibit:the‘trophiC_effect
of gastrin:on.the?gastrinmucosa;:anduthe“éame.resu1t‘WaSifound’With.Secretin

(Johnson and ‘Guthrie, 1974).

In 1930; Kosakalaﬁd Lim used the' térm "entéfbgastrone"ﬂto describe a humoral
»agent,hreleaSed'frém theVdﬁodenal°mﬁéosa‘by-fat or fat digestion products,

the function of which was to inhibit both gastric acid ‘secretion and gastric
vatlllty. This definition was later expanded to require that.any candidate:
polypeptidé must inhibit gastric acid secretion stimulated by histamine and
insulin-induced hypoglycaemia, as well as gastrin and its analogues. .
Secretin, cholecystokinin-pancreoiymin, VIP and GIP have.all been considered
at some time to fill this role,fhey-all appeared to inhibit the acid secretion
pProduced by.some or all of these stimuli, and cholecystokinin-pancreozymin is
also released by the presence of fat in the ‘duodenum, .but the only poly-

peptide which satisfies all these criteria is GIP.

Brown.and Pederson (1970) showed that the ability of the 10% pure preparation
of'cholecystokinin—pancreozymin of Jorpes and Mutt to produce gastric acid
inhibition was significantly reduced by a simple purification step, involving

gel filtration on Sephadei G-50, although its effect on gall bladder contrac-
tility was unaltered. A side fraction, produced in the purification of cholecys-
tokinin-pancreozymin was found to contain inhibitory actiﬁity but had no

effect on the gall bladder, (B%own,et al, 1969). A polypeptide was isolated
and.purified; (Brown et al, 1970), sequenced (Brown, 1971: quwn and Dryburgh,
1971) and was found to:be a. straight chain polypeptide with 43 amino acids and

a’'calculated molecular weight of . 5105.
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The amino acid sequence was :- , '

1
NHZ-Tyr—Ala Glu Gly—Tgr—Phe Ile~Ser-Asp- Tyg Ser- Ile—Ala—Met Aég—Lys—Ile—
{
Arg Gln—G%n—Asp—Phe—Va1—Aqn ft§~Leu-Leu—Ala—Gln—89n-Lys-Gly—Lys—Lys—

S%%-AQP—TIP—LYS—HlS—A g Ile«Thr-G]n

A radioimmunoassay for GIP has been developéd and antibédies to GIP raised

in guinea pigs did not crossreact with glucagon, gastrin, motilin, cholecyst-
okinin-pancreozymin, secretin, VI? or insulin. Studies performed on peptide
fragments obtained by cyanogen bromide cleavage at the methioniné residﬁe, or
on synthetic peptide fragments, suggest that the immunoreactive site.lies
within the sequence 21-38. Antiserum to GIP has also’been used in the immuno-
histoloéical localization of the GIP-prodﬁcing cell in the duodenum and
jejuhum of man, dog and‘baboon. It was tentatively identified as the Dl cell,
(Polak et al, 1973) iﬁ thévAPUD series defined by Pearse (1968,1970,1974) but

is now known to be the K cell (Solcia et al, 1973).

Sera from human volunteérs, taken before and after ingestion of a normal meal,
were subjected to radioimmunoassay. Fasting levels of immunoreactive GIP

: (IR-GI?) fangedAfrom non-détectable tb 400 pg/ml and rose after eating to a mean
peak of 1200 pg/ml, remaining elevated for at least 3 hours (Ruzio et al, 1974).
The major physiol;gical secretagogues for GIP release were oral glucose

(Cataland et al, 1974) aﬁd oral fat (Bfown et al, 1974).

The discovery that circulating IR-GIP levels were elevated when glucose came
into contact with the duodenal and jejunal mucosa suggested that this poly-
peptide might be a factor in the entero-insular axis, i.e. might be a hormone

of intestinal origin which contributed to the regulation of the endocrine
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pancreas:”fDﬁpre,et'al‘(1973)finfusedlporcine'GIPzintravenbuSIy in man and

showed a signifiéaﬁf énhanCemént;;fnéheTIRr insulin.respénsewto~an'intra—

-venous infusion of glﬁcoSé;”ésééciéféd'wiéh?an improvéménttin:élucose‘toierance.

: The'tirculating.levels of.IR—iGIPiachievédfduring this<e%ogen0us administration
of GIP weré'éomparéble tovthOSé;reléaSed“endoéenbusly by ingestion of glucose.
Studies in dogs;sﬁggéstéd‘fhat 1owéf'lévéls of circulating IR~ GIP were insulino-
tropic onl& iﬁ the presence of a degree of hyperglycaemia; although higher,
Possibly non-physiological ievélé stimﬁlated insulin release in the fasted

animal.

The'ééistence of the'humoral gastric motor-activity stimulating principle,
later named motilin, was first suspected when Brown et al (1966) perfuséd the
duodenum of the dog with alkali or fresh pig pancreatic juice and demonstra=-

/
ted an increase in gastric motor activity in eﬁtrinsically denervated or totally
‘transplanted pouches of the fundus of the stomach.' Earlier, Shay and Gershon-
Cohen' (1934) had described increased gastric emptying of a barium sulphate
test meal after instillation of 17 bicarbonate into the duodenum. This
observation coupled with the work of Thomas et al (1934), who diverted the:
~gastric (acidici contents away from the duodénum and recorded an increase
in the rate of gastric emptying, suggested a pH sensitive, duodenal reflex
thap contributed to the control of gastric motor activity. Weisbﬁlt et al
(1969) proposed that a relationship ekisted between the -rate of gastric
emptying and the motor activity of thé gastric musculature which would ensure
that the contents of the stomach were delivered to the duodenum at a rate, and
in a consistéﬁéy-that would allow optimal ‘duodénal and jejunal digestion and l

absorption.



-17- : 5

A crude duodenal extract (Pancreozymin,‘Boots Pure Drug Co.), administered
intravendusly iﬁ'dogs, p;oduced similar changes in the motor activity of the
fundic pouches, whilst the purer GIH preparation of CCK-PZ did not (Brown,
1967). Gel filtration of the crude extract on Sepﬁadex G75 produced five
protein peaks. Fractions & and.S were inhibitory for gastric motor activity
and fraction 5 was.a potent stimulant. of ‘pancreatic enzyme ou#put, i.e. it
corresponded’most closely to the GIH preparation. Fraction 2 represented a
20-fold pﬁrification of the original stimulatory material (Brown and Parkes,
1667). Motiliﬂ was evéntually purified from a side fraction produced in thev
purification of secretin (Brown et al, 1972). The amino acid sequence was
determined by the subtractive dansyl-Edman's technique on peptides produced
by cleavage of the molecule with cyanogen bromide, tryﬁsin, chymotrypsin and
thermolysin. Porcine motilin Qaé found to be a. 22 amino acid residue.
polypeptide>with the sequence :-
NH2—Phe—Val—Pro-Ile—PBe—Thr—Tyr—Gly—Glu—Lég-Gln—
Arg—Met—Glﬁ—Gig-Lys-Glu-Arg—AsnfL%g—Gly—Gln

and a molecular weight of 2700 (Brown et al, 1973).

The porcine polypeptide produced a significant increase in motor activi?y

in the extrinsically denervated fundus and antrum of the canine stomach in doses
as low as. 50 ng/kg. It had no significant effect on gastric acid secretion,

but did eievate pepsin output to a higher degree than could be explained by

a simplevwashout phenoﬁenon (Brown et al, 1972). The method of measuring

motilin activity required bioassay in the chronic dog, prepared with an extrin-
sically denervated pouch of the fundus and a Mann-Bollman fistula into the
duodenum. In vitro preparations of.muscle strips from the ileum, colon and

circular layers of the stomach of the rat, guinea pig and rabbit were examined
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but the sensitivity of" every preparatlon decreased- 1mmedlately after the first

Texpesure to-motilin and: the lnltlal response.could not . be dupllcated Develop~"
ment of a- rad101mmunoassay was - deemed deslrable to confirm the role played
by motllln in. the increase in- gastrlc -metor activity after :duodenal alkalini-
zation:éndsférifurther inVestigation1of‘itSfphySiological:function.

- It Is the purpose of'thisatheSiepto”stﬁdy the hormonal status of the gastro-
intestinalZpolypeptides;’GIP'andwmotilin; and to leok mere‘closely at their
possible physiological rolee;:beering'in mind the.following'points:—

1. Biologicalvactivitﬁ-seeﬁ]after e%ogenOUS‘admiﬁistratiOn'of‘a~polypeptide
can only be considered phySlological if that- same response can be.elicited
by that polypeptide when it 1s released by a. phys1olog1ca1 stimulus, and the
circulating levels .of the peptide are”comparable.

2., Inability to measure an increase in polypeptide levels in the systemic’
circulation ‘does not necessarily preélude that polYpeptide from having a
physiological’:role.:

3. If immunolegical techniques are used to measure the polypeptide levels in
the circulation, then it is essential to determine what percentage of the
total immunoreactivity represents the true biological activity.

4, The biological activity of a polypeptide will depend on ' the hormonal and

‘nutrient milieu pertaining at that time and results obtained in an isolated
situation, e{g.;'in{Vitrd, or -by infusion of aﬂpolypeptide-associated with -
digestion,in a fasting ahimel,'may,not.represent its true physiological
acthlty

: 5. Gastrointestinal polypeptlde activities need not be. restrlcted to influen-
cing the secretory or motor . actlvitles in the 'gastrointestinal, tract; They
may also play.an 1mportant:metabollc role in. regulatlng the\growth and respon~

siveness of the tearget organ..
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METHODS

~

DEVELOPMENT OF A RADIOIMMUNOASSAY FOR MOTILIN (MOTILIN RIA)

“"A, " 'Rationale

The concept of a radioimmunoassay is based upon the specific relationship

that exists between an antibody and its antigen. Unlabelled; antigen competes
with labelled antigen for the binding sites on the antibody. The percentage
of a fixed inifigl amount of labelled antigen bound to the antibody gives an
indek of the amount of unlabelled antigen present in the mikturef The concen-
tration of antigen in an unknown sample may be determined by comparing the
displacement of labelled antigen it produces with that produced by a series of
standard solutions. The @omménestl label which can be incorporated into poly-

peptides containing tyrosine or histidine residues is an isotope of iodine, 1251

or 1311.

A successful polypeptide radioimmunoassay is dependent on three absolute
requirements. - Firstly, the ratio of isotope to polypeptide iﬁ the radio-active
tracer must be high enough so that sufficient tracer may be added to ensure an
efficient counting rate without adding significant amounts of polypeptide and
obscuring‘the upper limits of sensitivity of the curve. The second essential
is an antibody of high affinity. This affinity is expressed as a. constant K.
The relationship between K and the upper limit of sensitivity of the radio-
immunoassay can be developed as follows:--
From the lst order Law of Mass Action

B/F = K([A°] - B)
Where K is the equilibrium (affinity) constant, [A°] is the concentration of
antibody binding sites and B & F are the concentrations of bound and free

hormone
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If b is the fraction of bound hormone and [H] is the total hormone'concent-
ration, then

B

bTH]
B/F="b =  K([Ab°] - b[H])
1-b
As the hormone concentration is increased to [Hl] then B/F ¥ and b[Hl] 4.

By -definition b has a maximum of 1.

.. -The most sensitive assay condition prevails when
TAb°] = [Hl] for a B/F of 1.

Assuming a B/Fof 1 with minimal tracer and no unlabelled hormone,. then [H] = O

Hna

if.e.,” 1 K[Ab°].
When [Ab°] approximates [Hl]

1 = K[Hl] or K =T 1

i.e., the greater the value of K, the lower the concen-

tration of total hormone that is detectable.

The final requirement is that the antibody shou1d react identically with the
unlabelled antigen, whether it be in the form of standard or endogenous poly-
peptide. Ideally, the labelled and unlabelled peptide should also behave
identically in the system but -this is not an absolute necessity., If these
conditions are satisfied then the optimal values for all other variables may

be established.

" 'B. Todination of Motilin

.'(I)"Chloramine -~ T Method

A modification of the original method of Hunter and Greenwood (1963) was used

in routine isotopic labelling of motilin. vThe'polypeptide contains only
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1l tyrosyl and no histidyl residues. The ratios of ug polypeptide:

" mCi Na;zsl essayed were 4:1 and 2:1,

The following reagents were prepared'freshly for each iodination:=
a) Motilin (M ) = 2o0r 4 pg in 50 ul 0 ZM . Sodiim- phosphate buffer, pH 7.5
b) NalzsI - 1 mCi in 10 pl carrler—free sodlum hydrox1de ’ ‘

)  Chloramine-T - '40jpg in 10 ul deionized water

.d) Sodium metabisulphite —’IOO'ﬁg in 20 pl deionized water

Reagents a, b & ¢ were added in quick Succession; with‘bubbling to ensure

- rapid mixing, in a 10 x 75 mm siliconized glass culture tube: Reagent d

was added; in like manner; after a 15 sec: delay; Motilin contains 1
~.methionine residue but no tryptophan and appeared fairly stable in the
‘presence of the oiidizing_agent; withstanding e%posures to chloramine-T

of 2 mins. without undue fragmentation occurring; as shown by polacrylamide
‘,gel electrophoresis (Fig. 1).

The reaction mix;ure was'immediatély tr;nsferred-td a column of Sephade# |
G25 fine (0;6 x'30'cms;)\and eluted in 0.2 M; acetic acid; containing O;SZ
Bovine Serum Albumin (BSA) and 100 Kallikrein Inhibitor Units (KIU)

Trasylol per ml. Fractions of approéimately 400 ﬂl were collected and 10. ﬂl
aliquots were counted for 0.1 min. in an automatic’f counter. The resultant
column profiles are illustrated in Fig. 2 & Fig. 3, showing the separation of
peptide~bound ;nd free iodide. Aliquots of the appropriate fractions,
diluted to contain..5000 ch/loo*ﬁl; were incubated for 24 hours at 4°C

with or without antisefum to estimate the specific versus non-specific

bindihg QNISLE)for that fraction. Those fractions showing the highest,
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Fig. 1 Polyacrylamide gel electrophoresis of motilin after exposure
to chloramine-T for 15, 30, 60 and 120 sec. No polypeptide
fragmentation is observed after 60 sec exposure but is visible

at 120 sec. The method for polyacrylamide gel electrophoresis

is detailed on p. 72.
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specific binding and lowest, non-specific binding were pooled, diluted in
the eluant buffer and aliquotted for storage at -.20°C, so -that each aliquot
contained ~ 2 x lO6 cpm./ 2 mls. This was presumed to contain monoiodinated

motilin.

Label stored in this manner was stable for periods of up to 3 months. oo

Lyophilization of label proved feasible@ﬁut was not routinely performed.

"(2) Lactoperoxidase Method

An alternative, gentler and‘more‘eaéily controlled method of'okidizing the
iodide to iodine involves the use of 1actopero%idase (Miyachi et al; 1972).
The following procedure follows the method of Holohan et al (1973). The
reagents were mixed in the following order in a 10 X 75 mm. siliconized,
glass, culture tube. “
a) Motilin (MS) -4 ﬁgvin‘SQ.ﬁl 0.05 M SOdium:apeIa;e; pH 5.0
b) Na1251 -~ 1 mCi in 10 ﬁl carrier~-frééesodium hydroxide . -
c) Lactoperoxidase - 500 ng in 10 ﬁl ssodium: acetate, pH 5.0
d) Hydrogen peroxide - 0.86 nM in deidnized water

3 x 10 ﬁl at 5 min. intervals
After 15 mins. the reaction miﬁture was transferred to a Sephadex G25 fine

column and eluted, monitored, assayed and stored as previously described -OD P. 21.

A typical column profile is shown in Fig. 4.

(3) Estimation of Specific Activity of 1251'—'Motilin

Dose - response curves were obtained (a) by increasing the concentration of
unlabelled motilin and measuring the displacement of a constant amount of

radioactive tracer (routine standard curve) and (b) by adding increasing
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amounts of labelled motilin only.and measuring the different ratios of

tracer bound to antibody.'

One point from the label dilution curve was arbitrarily placed on the
standard curve and thé other points fitted accordingly;' Fig. 5 illustrates
that the curves obtained when 3 different. fractions of labelled motilin
(fractions. 24, 25 and 26 from the column profile shown in Fig. 3) were
plotted on a standard curve they could be superimposed upon that standard
curve; It can be concluded that the binding kinetics of the antiserum
were virtually identical for both labelled and unlabelled antigen; The
number of counts per minute (¢pm) producing the same displacement as a
standard amount of motilin can be read directly from this curve and the

value converted to mCi/mg as an index of specific activity.

' 'Example (from results shown in Fig. -5)

18,000 c¢pm

28 pg motilin

.*. 1 mg motilin 18,000 x 10° cpm

28

643 x 10° cpm

1 Curie = 3.7 x 1010 dps (disintegra-
tions/second)
o 1 mCi = 2.2 x lO9 dpm (disintegra-

tions/min.)
From the efficiency of the Yy counter -. 81%

1 mCi = 1.78 x lO9 cpm




Fig. 5
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6.43 %101 mei
1.78 x 10°
= 361 mCi -

1 mg. motilin

.". Specific activity of this iodination was
361 mCi/mg and the addition of 5000 cpm to each assay

tube entailed the addition of 7.5 pg motilin.

The specific activity was. not measured after every iodination but was
checked at intervals and on every occasion when the routine iodination was

-varied in any way.

A rough estimate ' of specific activity may be calculated from the percentage.

of the radioiodine incorporated into the polypeptide,

" "Example  (from column profile in Fig. 3)

%12?1 incorporated into polypeptide

125l

71%

Specific activity of 14 mCi/mg

Joo1 mCilzBI

72 ng. Iodine
"+« 72 ng iodine was reacted with 2 pg motilin
i.e., 0.57 nM iodine was reacted with 0.74 nM ﬁotilin
.'; 0.40 nM iddine was incorporated into 0.74 nM motilin
i.e., 50 ng iodine was incorporated into 2 ﬁg motilin
i.e., 0.7-mC11251 was incorporated into 2 ﬁg.motilin

125

i.e., 350 uCi I was incorporated in 1 ﬁg motilin

.". - Specific activity = 350 mCi/mg.

However, it must be remembered that this calculation depends.on the assumption

that iodine was incorporated into all the available polypeptide.
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" C.  'Production of Antisera to Motilin

(1) In guinea pigs

A series of guinea pigs (6) were immunized with pure porcine motilin (MS).
Conjugation of motilin to a large molecular weight protein was deemed

advisablé because of its low molecular weight.'

Motilin was.conjugated to. bovine serum albumin by means of the carbo-

diimide condensation reaction (Goodfriend et"al; 1964) using 1 - ethyl -

3 - (3 - dimethyl) -~ amino - propyl - carbodiimide (CDI) as follows: -

20 « ZOOCﬁg'motilin per animal;'SO‘mg BSA and 100 mg CDI were dissolveq in
100 ﬁl;<10fmls and 1 ml deionized'Water; respectively. 0.5 mls each BSA

and CDI were added to thé motilin,'miked gently and left at room temperature
for at least 1 hour. The reaction was terminated by dialysis of the

réaction mixture against distilled water overnight at 4°C. The volume

was corrected by addition of déionized water and then emulsified with Freund's
Complete Adjuvant (FCA) at a 1:1 ratio. The final volume was selected to

allow 0.5 ml emulsion per animal.

The animals were immunized subcutaneously, in several sités on the abdomen
and inner thigh. An early observation suggested that better, more specific
antisera were produced if the immunization with conjugated material was
precéded'by an initial "priming" dose of polypeptide alone in a FCA

emulsion. The schedule followed is shown in Table I.

(2) In rabbits

Ten rabbits were immunized with conjugated motilin. The route of immuni-

.zation was intradérmally, in several sites, in the supra-scapular region.
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TABLE I
MOTILIN GUINEA PIGS -~ IMMUNIZATION SCHEDULE
_ DATE TMMUNTZATION BLEEDING TYPICAL TITRE
4.6.74 50 J1f M, /FCA
20.6.74 100 11g 'fMS/BSA/'FCAE |
20.7.74 200 g ”MS/BSA/'FCAé 234.8..:‘74 | 1:40x103
31.2.75 50-11g Mg /FCA 29.9.75 | 1:20x10%
23.1.76 50 g M, /FCA | 33076 1:10x10°
10.8.76 50 g M /FCA | 24.8.76 | 1:10x10°

IMS ~ the purest preparation of natural motilin
BSA . =. Bovine Serum Albumin

FCA - ‘Freunds Complete Adjuvant
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Blood was obtained by marginal ear vein venepuncture. The schedule followed

is tabulated  (Table II)

(3) Storage of Antisera

The  whole blood sampleé were allowed to clot at 4°C for 20 mins;; then
centrifuged. The antiserum was stored frozen at - 20°C until it could be
assessed. Usable antiserum was aliquotted in 200 - 500 ﬁl portions, and
lyophilized for storage at - 20°C. No detectable loss of specificity or.

affinity for at least 3 years has been observed.
As required, the lyophilized aliqots'were recomstituted in assay diluent
buffer at a dilution of 1:10 and stored at - 20°C in 100 1l aliquots: This

material was viable during the period of its use, usually 2 - 3 months.

(4) “Effect of varying antibody titre

Titre, in this connotation, is defined as the final dilution of antiserum
in the incubation mixture. This allows for direct comparison between

different. antisera in different assay protocols where the final incubation
volumes may differ. It must be established for each antiserum and checked

after each immunization and its subsequent bleeding.

The initial procedure was to establish a serial dilution curve for the anti-

serum. Varying titres of the antiserum were incubated under routine assay
A . 125 L q . NPT . ;

conditions with T - motilin and the maximum binding obtained with each

dilution plotted as % bound versus the reciprocal of that titre. A typical

dilution curve is shown in Fig. 6. From this the range of titre producing
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TABLE II

MOTILIN RABBITS -~ TMMUNIZAIION'SCHEDULE‘

DATE ‘ IMMUNIZATION BLEEDING TYPICAL TITRE
14.10.75 | 20 pg M, /FCA _
13.1L.75 50 qg M, /BSA/FCA 24.11.'.'_75
15.12.75 50 g M, /BSA/FCA 29.12.75 | 1:10%102
23, 1.76 | 50 g N /FCA 13. g".'76 1:10x10%
814,76 1:20x10"
P% -~  the purest preparation of natural motilin

BSA ~ Bovine Serum Albumin

FCA -~ Freunds Complete Adjuvant
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Fig. 6 Curve obtained with serial dilutions of motilin antiserum
GP 71. Arrows indicate the titres selected for use in the

¢ standard curves shown in Fig. 7.
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the most sensitive assay may be roughly estimated.

Various authorities have stipulated that the most effective assay is

produced at the titre resulting in a maximum binding of 507%, or 337 (Berson

' & Yalow, 1958). However, it is becoming clear that no such hard and
fast rule can be followed and that the optimum titre should be established
for each RIA individually; Fig 7 1s a comparison of the standard curves
obtained with varying titres of the same antiserum shown' in the dilution
curve. The titres selected were those which resulted in binding'SOZ,'

) 33%;-27% énd 13% of the 1abel: The results were plotted as B/Bo 3'100
against the motilin standards and the curves evaluated by the criteria,
Slope‘at zero dose,midrange value and least detectable dose. The
results are presented in Table III. The most effective titre was 1:5 k
105 --i.e., that producing a maéimum binding of 27%; The most sensitive
standard curves for the motilin RTIA under the routine conditions were

obtained when the maximum binding was 25 - 30%.

(5) Measurement of comparative immunoreactivity of antiseérum

The comparative immunoreactivities of natural gastric inhibitory poly-
peptide, natural porcine secretin, natural (10%Z pure) cholecystokinin -
pancreozymin,;synthetic glucagon and synthetic human gastrin with motilin
antisera were investigated. On a different date the comparative immuno-
reactivity of motilin antiserum with vasoactive intestinal peptide was
ekémined. " No significant cross-reactivity between the antiserum and any

of these polypeptides was detected even when concentrations of up to 10 mg

,p exr

incubation volume were employed. The results are illustrated in Figs. 8 & 9.
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Fig. 7 Standard curves. for motilin, demonstrating the effect of

varying. the antibody titre on -the assay sensitivity. LDD =

least detectable dose.
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‘TABLE ITI

EFFECT_OF VARYING ANTIBODY TITRE ON ASSAY SENSITIVITY_

CONDITION:~ = MAXIMUM = 'SLOPE‘AT ZERO MIDRANGE VALUE L.D.D.

TITRE - BINDING (%) (L/MOLE) (PG MOTILIN) (PG MOTILIN)
1:1.5x10° 50  o.6x10713 82 . 40
1:4 x10° 33 g!6£10’13 73 20

C1:5 %107 27 4.0x10713 60 20

1:1 x10° 13 2.5%10 13 105 ' 20
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Fig. 8

Comparative immunoreactivities of natural motilin, synthetic
human gastrin, synthetic glucagon, natural secretin, cholecysto-
kinin-pancreozymin (10%) and natural gastric inhibitory poly-
peptide with antiserum to motilin. (Dryburgh and Brown,

Gastroenterology 68 : 1169-1175, 1975).
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(6) Antibody recognition of ‘antigen in atandards ard unknowns

Peak IR - motilin Samples”from.doé e§périménts in which motilin was either
endogenously released after'&uodeﬁal alkalinization'or e%ogenOusly adminis-
tered by an intravenous infusion were serially diluted in aséay diluent buffer
or charcoalvektracted'plasma.respéétivély. After RIA, one value from each
series was fitted'to.the standard cﬁrve éﬁd thé'réﬁaining valﬁes plotted

‘accordingly (Fig. 10).

Both serum dilution curves could be superimposed upon the standard curve
indicating that the relationship between the'antibod§ aﬁd the unlabelled
antigen is unchanged whether the antigen is the isolated polypéptide in the
standard preparation or the naturally occurring férm. in the unknown; ie.,

in sera.

(7) ~ Measuremeént of affinity of antiserum

From the 1st order Law of Mass Action the following equation was developed
.by Scatchard (1949):

B/, = K(IA°] - B°)
Where B/F is the ratio of Bound labelled antigen to Free labelled aﬁtigen
[A°] is the concentration of total antibody; B° is the fraction of total

antigen bound and K is the constant of the antibody - antigen reaction in

the direction Ab + Ag-—;AbAg.

In any individual assay K and [A°] are constant .°. B/F and B° may be

expressed linearly in a Scatchard plot.
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Serum samples R 10 (exogenous.motilin) and R24 (endogenous

' ﬂbtilin)-incubated at.several dilutions. in- diluent buffer

or charcoal—extraéted plasma. The dilutions'of R 10 and
R 24 respectively, at 50 (100) ul/ml were. fitted to the
standard curve and the other dilutions fitted accordingly.

'(Dryburgh and Brown, Gastroenterology 68 :1169-1175, 1975). -
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In fact, any antiserum represents a population of antibodies of varying
affinities and therefore the Scatchard plot is a curve composed of several
straight lines. The highest affinity antibodies are represented by the

line with the steepest slope,

The routine RTA standard curve was replotted as a Scatchard plot.  The
standard values were converted to absolute antigen values by addition

of the amount of polypeptide incorporating the added radioactive tracer,
calculated from the specific activity of that tracer. B° is the product
of this value, .in moles, -and the concentration-of.label bound by it,
i:e.; B. K is the slope of the line produced by plotting B/F_against B°.
Figs. 1D shows the Scatchard plot of a typical antiserum of reasonable

affinity.

(1) Methods of standard curve evaluation

The criteria for evaluating the sensitivity of a standard curve are many-
and various. Three have been selected and a combination of at least two

of these have been used in all comparisons.

The standard curves obtained were never linear so the.''slope at zero
dose" was estimated as a Scatchard plot and its slope measured as the

plot approached zerd (Feldman & Rodbard, 1971).

The least detectable dose' (L.D.D.) was taken as that concentration of
unlabelled antigen which produced a displacement of binding = 2 x the

standard deviation at maximum binding.
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Standard curves with motilin antiserum (GP 71) represented
as. a Scatchard plot, B/F being plotted against the fraction
of total antigen bound (B°). The slope of the line gives

the affinity constant of this antiserum (K).
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Both these criteria evaluate the sensitivity of the standard curve at its
upper limit. The third parameter, the midrange value, allowed comparison
of standard curves in the region where they were most likely to approach
linearity and was that concentration of unlabelled motilin which displaced

50% of the maximum label bound.

(2) pH of the diluent buffer

Motilin standards in the range 12.5 - 400 pg were incubated with antiserum
75A at a final dilution of 1:80x103 for 48 hours at 4°C in 0.04M sodium
phosphate buffer ‘at either pH 6.5 or 7.5, and in veronal buffer, 0.05M at
pH 8.5. There was no significant difference in the displacement observed

either at the midrange value or the L.D.D.

(3) Trasylol concentration in the diluent buffer

Trasylol is a broad specfrum proteolytic enzyme inhibitor; containing

10,000 kallikrein inhibitor units (KIU) per ml. Standard curves were incubated
in 0.04M sodium phosphate buffer, pH 6.5, containing 0%, 0.25%, 0.5% or

1.0% Trasylol. The resultant displacement ‘is shown in Fig.12 and Table IV and

0.25% Trasylol was selected as the optimum concentration.

TABLE IV - Effect of varying the Trasylol concentration in the diluent
Buffer
Condition Midrange (pg M5) L.D.D. (pg M5)
0.0% Trasylol ' 70 25
0.25% Trasylol 24 12.5
0.5% Trasylol 47 ‘ 25
1.0% Trasylol 135 50
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Standard :curves were set up to compare .the effect of wvarying the plasma

concentration in ‘the diluent Buffer, from 2 = 10%

The plasma was outdated blood bank . stock which had been extracted twice with

1% (w/v) charcoal for 1 hour at 4°C to absorb any small peptides still

present. The charcoal was removed by centrifugation at 5000 r.p.m. for

20 mins. The charcoal-extracted plasma was screened for detectable poly-

peptide levels and stored at -20°C.

The greatest sensitivity was achieved

,WhEh‘the'buffer“pontained”SZ charcoal-extracted plasma €§hgwﬂ-fn, Table V).

TABLE V- Effect of varying the plasma concentration in the diluent buffer

| Midrange (pg M5) .. . ..

2% plasma

5% "

55

55

0B

25

12,5

Labelled antigen at concentrations varying from 2000 c.p.m./100 ul to

20,000 c.p.m./100 ﬂl was added to standard curves in the routine assay. The

concentration of~ 5000 c.p.m./100 1l was selected as giving the most

sensitive curve at the most efficient counting rate (Table VI, Fig. 13)

Pl
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Fig. 13

Effect of yarying the concentration of labelled antigen.on

the sensitivity of the routine standard curve for motilin.
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TABLE VI - Effect of varying the antigen concentration on the assay
sensitivity '
Condition Midrange L.D.D. (pg M5)
20,000 cpm/100 ul 105 50
10,000 " ' 94 25
5,000 " 67 12.5
2,500 " 54 12.5

(6) Period of incubation

Standard curves, a, b and c were set up and iodinated antigen, containing
" 5000 cpm/100 ul was added immediately to a and b which were then incubated
for 24 hours and 48 hours respectively. Standard curve ¢ was incubated with

antibody alone for 24 hours. After label addition the incubation continued

for a further 48 hours.

‘A 48 hour incubation period was deemed to give a more sensitive assay, from
the results in Fig. 14 and Table VII. There was no advantage gained by prior
incubation of cold antigen with antibody, i.e., under disequilibrium conditions.

Longer incubation periods of 3 - 4 days were also satisfactory.

TABLE VIT - Effect of varying the incubation period and type
Condition ' Midrange (pg M5) L.D.D. (pg M5)
24 hour equilibrium 145 50

48 " " | 53 25

24/48 " dis-equilibrium 53 25




49—

&—e 24 hr total Incubation
s X—x 24 v pre,24hr post "
o—o 48 v total u

Midrange Value

B
/Bo X 100

e Do, | mire st e

T T T |

]
0 12.5 25 50 I00 200
PG Motilin

Fig. 14  Effect of varying the length and type. of incubation on the

sensitivity -of the routine standard curve for motilin.
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Adsorption of peptide and fodinated material on to the glass tubes, used
in the assay,; can be a problem. The plasma content of the diluent
buffer did reduce the counts adsorbing to the glass but siliconization of

the assay tubes with 1% (v/v) dichlorosilane in benzene was also performed

to see if any .further improvement could be achieved.

It was. also essential to determine whether it was necessary to compensate
in the standard curve for the3e%tra protein addedvin the monitoring of
plasma or serum samples., Standard curves were incubated in siliconized
tubes; non~siliconized tubes and in non-siliconized tubes with the addition
of lOO’ﬁl'of charcoal'—‘e%tracted’plasma. The!results obtained suggested
that siliconization of the tubes was not necessary. The standard curves
obtained after incubation with and without plasma were corrected for their
individual non-specific binding (see sections 7 and 10) and no significant
difference was detected - i.e., the addition of plasma was unnecessary.

(Table VIII, Fig. 15)

TABLE VIII

| condition . .. .| Midrange (pg M5) ‘|  L.D.D. (pg M5)
| Siliconized tubes : 59 5; 25
Non-siliconized tubes , 57 - :; 125

Non-siliconized tubes & plasma 56 . | 25
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Fig. 15 Effect of siliconization of the incubation tubes or: the

addition of plasma on the sensitivity of the routine standard

curve for motilin.
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"(8) Routine assay . conditions’

The diluent buffer;,0;04¢M sbdiquPhosphate; pH 6;5; contaiﬁing 5%
charcoal —'ektracted plasma and 0;25% tfasylol; was used in all dilutions
and for correcting the final wolume to 1;0 ml: The composition of the
incubation mixture was:- |

'1251amotilin containing ~5000 c.p.m.

100 ul
lOO'ﬁl standard motilin; range'l2:5 - -400 pg.
or -
100 pl interassay control
or
50 « 200 ﬁi unknown

100 ﬁl antiserum at the appropriate initial dilution

Diluent buffer to a volume of 1.0 ml

All assays were set up, with standards in triplicate and unknowns. in
duplicate, in 10 x 75 mm glass culture tubes at 4°C. and incubated at

4°C for 48 - 72 hours.

Non-specific binding (N.S.B.) was measured by setting up tubes, minus
antiserum, for the standard curve, the interassay controls, each group

of sera from one subject and all other unknowns.

In assays where only one separated component was to be counted (see section 9)

total count tubes, containing 100 ul 1251 - motilin only, were set up in

quadruplicate.A Table IX iilustrates the assay layout.



LAYOUT FOR ROUTINE RADIOIMMUNOASSAY

N

D.B. LABEL ANTIBODY STD CONTROL . UNKNOWN. . .

Total counts - 100'* - - - -
Standard curve

NSB 900 100 - - - -
Maximum binding 800 . 100 100 - - -

STDS 700 - 100 100 100 - -
Interassay control

NSB 800 100 - - 100 -
Interassay control 700 100 A 100 - 100 -

Unknown

NSB 800 100 - - -~ 100

Unknown 700 100 100 | - - 100

* refers to volume in ul

_Eg_
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Both specific and non—s?ééifiérmethédé;e%ist for the separation of.tHevantigen/
antibody COmpleé (Bbund)'from the'Frée'éntiééﬁl The specific methods include
the -double antibody techniqué,and the use of a solid phase antibody matrix
where the antibody is coﬁpied'to an immunologically inert material - e.g.;
Sephaﬁeé; Sepharése or Polyacrylamide:. The use of Sepharose-coupled antibody

in the motilin R.I.A, is described in theé section on affinity chromatography.

The‘noh—specific methodé iﬁclude the ‘addition of alcohol resulting in the pre-
cipitation of largelmoleéular weight proteins,‘includingr.the‘antigen/antibody
cqmplek and the use of deétraﬁ—coated charcoal‘which‘will adsorb the free
antigen;‘leavinthhe antigen/antibody complei in solution:' This last method

is'that most'commonly used in.this laboratory.

PhoSphate:buffer; 0;04M; pH 6;5;'containing 2% plasma;'was cooled to 4°C.

The deétran was'mi%éd well to ensure a complete s?spension before the addition .
of charcoal. ' The suspension was miﬁed gently at 4°C for at least 1 hour prior
toltheﬁaddition of 200 ﬁl to each assay tube; ekcluding the total count tubes.
After being vortexed briefly; the'tubes'were centrifuged at 2800 rpm for 20

min., The supernatant was then decanted into a separate tube (for B/F estima-

tions). Each tube was sealed with wax and counted in an automaticfycounter.

Various charcoal concentrations were examined, each coated with 1072 (w/w)

dextran. The results are graphed in Fig. 16 and evaluated in Table X.
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Fig. 16

Effect of wvarying charcoal concentrations. in the separation

procedure on the sensitivity-of the routine standard curve

for motilin. At -each concentration the charcoal was coated

with 10% (w/w) dextran T-70
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1.25g% (w/v) charcoal was finally selected because it was.the concentration

producing the greatest sensitivity -at the upper limit of the curve.

. TABLE X
"Effect of -varying the charcoal concentration in the separation procedure

Condition L . Midrange (pg M5) L.D.D. (pg M5)
0.625g% charcoal 70 ' 25

1,25 g% " o 52 | 6.25.

2.5 g% "™ . 35 12.5

Recently, the'deétran—coated charcoal'suspension-hgs been prepared; 1 litre at
a time,rinrphosphate‘bufferionly; and'mi%ed for 3—4~hours; As ‘required, an

appropriate volume‘Was,removed; thé plasma added; and the suspension miked for
~ 15 mins:'before use.. This suspension keeps well at 4°C for 1-2 weeks and |

provides a more homogenous suspension, as demonstrated by an improvement in the

replication of triplicate and duplicate values.

(10) Methods of 'data analysis

There are numerous methods used in the expression of RIA results. Those
used in this study include B/F’ B/TC or % B, B/B-o x 100 and all include a
correction to account for the non-specific binding of labelled antigen to

}

glass or plasma'proteih.'
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The calculation of B/F.reqUires'the‘counting of both the Bound and Free

antigen after separation and is obtained from the expression:

1

B/ g SAMPLE . (Bound c.p.m.) - NSB".(BbﬁﬁdféIb}mf)

(Free c.p.m.) (Free c.p.m.)

The other methods require that only one ¢omponent is counted after separation
but do require some method of estimating the Total Counts (TC) initially
added to each tube: If deitran—coated charcoal is thé'method of separation
used it is more convenient to count the Free antigen in the charcoal pellet;

Therefore, %B is calculated from the expression:

7B = SAMPLE .(TC - FREE.c.p.m.) - NSB (TC ~ FREE ¢.p.m.)

TC 1 TC

i.e., 7B = A(NSB)‘FREE.c.p.m;.....,v,.,.(SAMPLE).FREE1c.p.m.

TC

Results may also be expressed as a percentage of the maximum binding -
i.e., B/B x 100, where B0 is the binding of label achieved when no un-

0
labelled antigen is added to the system.

Standard curves are prepared by plotting one of these values against the
concentration of standard antigen, expressed either logarithmically or
arithmetically. Fig. 17 is a routine standard curve for motilin obtained

after all the conditions for a sensitive RIA had been established.

All these conditions were established for RIA with a specific antiserum to
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Fig. 17 - Routine standard curve for motilin, obtained after’ the optimum

. conditions had beenestablished. Each point:represents the
"meanctﬁSD)'fo? 7 observations;: (Dryburgh-and-Brown; Gastroenterology.
'68: 1169-1175, 1975)
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motilin; they do not necessarily hold true for-all motilin antisera and

should be re-evaluated for each.antiserum.

E. " Assay standards ‘and ‘interassay controls:

(I) Preparation and storage of standards

Natural porciné motilin (M5) was used in all standard preparations: One - two
‘mg were weighed accurately on a Cahn electrobalance, dissolved in deionized
water to give a concentration of 1 ﬁg/lOO Ul and aliquotted  -in 100 ﬂl amounts

into siliconized glass.culture- tubes for lyophilization and storage.at -20°C. "

Eachsmonth; or as required; a lﬁﬁg aliquot was. reconstituted in 0.04M sodium
phosphate*?uffer; pH 6:5;'containing O;ZSZ’trasylol and 5% BSA,to a concent-
ration of 80 ng/mll- This‘solution was.stored at -20°C in 1;0 ml amounts in
polyvinyl microtest'tubes:

At the time of assay an aliquot was diluted”liZO“—~i:e:;'4OO pg/lOO'ﬁl and
serial dilutions‘prepared'over”the-range‘6:25 - 400 pg/100—ﬁ1;’ Any remaining

standard was. discarded after thawing.

(2) Preparation and storage of controls

One{ﬁg aliquots of-M5 were:diluted in 0.04M phosphate buffer, pH 6.5,
containing 0;25% trasylol and 5% BSA; to a concentration of 1 ng/ml. One
ml aliquots were stored at -20°C in polyvinyl microtest tubes and IOO‘ﬁl
samples were assayed at the beginning and end of every assay. Any remaining

control was discarded after being thawed. .
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In 5 différent assays;'20“dupliéateadetérminations of the control -yalue
Were~made;:.Thérmean t S.D; was 110 ii23>pg’motilin/100'ﬁ1: Results in any.
assay. in which the control lay outside thééé‘ﬁélﬁes‘wéré»diséérded:u Intra-
assay_variab?lity-Was.chécked'by haViﬁé'dﬁpliCaté méASQremeﬁté-of the control

at the beginning and end of each individual assayvand'applying the same

conditions to theilr evaluation..

PREPARATION OF SYNTHETIC AND NATURAL "MOTILIN FRAGMENTS AND ANALOGUES

A.  Synthetic motilin

(1) Preparation of 13 = norleucine - motilin

The synthetic analogue, 13 - norleucine - motilin was prepared in the labora-
tory by Dr. E. Wlinsch,. Max~Planck Institute flir Eiweiss und Lederforschung,
Munich, W. Germany (Wlnsch et al, 1973). The RIA was used to monitor the

final purification stages.

The initial crude synthesis product, MoA was separated by column chromato-

1 29 the latter being found to

represent a failed synthesis, lacking 2 amino acid residues (-THR -TYR).

graphy on QAE Sephadex A-25 into MoB, and MoB

Further purification of M0B1 on SP - Sephadex C-25 resulted in MoCl and MbCz,

both synthetic products being identical to natural motilin with respect to

amino acid composition and sequence.’



—61-

(2) Preparation of synthetic—motllin fragments :

 During the preparation and purlficatlon of the synthetlc analogue, the

fragments containing residues. 9n22 and 13«22 were also 1solated and purlfled

B! - TFragments of natural motilin

'(I) Cyanogen bromide cleavage of motilin

Cyanogen bromide (CNBr) treatment of a polypaptide results in chemical

ﬁ cleayage of that-polypeptine at the -methionyl fesidua (Gross and Witkop;-
1961;11962). The reaction was. performed in 70% (v/v) formic acid at a
polypeptide concentrafion of 2.0 mg/ml and a CNBr_concentration of 10 mg/ml.
The reaction flask, foil-covered to ekcludgrlight, was left at room tempera-

ture for 6 hours, then the contents were diluted 1:20 with distilled water

prior to lyophilizafion. ’

The immunological activities of the intact motilin molecule and the un- .
separated mixture of cleaved and non-cleaved CNBr-treated motilin were
compared on an equimolar basis.

-

'(2) Tryptic and chymotryptic ‘digestion of motilin

- Enzymatic cleavage of the polypeptide was performed in 1% ammonium bicar-
bonate at a .polypeptide concentration of 0;2% (w/v) and an enZyma:substrate
ratio of '1:50 (w/w). The reaction proceeded for 6.hours at room temperature
and was- terminated by lyophllization, redissolving in 0 5 ml water and boiling
for 6 mins. in a water bath. The solution was centrlfuged to. remove any’

precipitation and the”supernatant WaS«lyophilized.
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-

Biological. and: immunological activities were estimate& for the unseparated
digestion products and compared with the intact ‘molecule on.an equimolar

basis. -

C. :'”Modificatlons of ‘natural motilin:

(I)  C-terminal 'residue ‘Femoval

The reaction involved treatment of 100 nM motilin in OrlM ammonium bi- -
carbonate with 200 ng carbonpeptidase A 'DFP' (Piisopropyl phospho- florldate
treated) in 2.0M ammonium bicarbonate at a peptide: substrate ratio of 38:2
(y/v) for 6 hours. Kinetic studles had-shown that after 6 hours at 22°C

- 80% of the C-termlnal glutamlne and 20% of the penultimate C-terminal residue,”
' glyc1ne had been removed. The reaction was terminated by lyophilization‘of

the?mixturé.

2): Naterminaltresidue removal

Removal of.the N-terminal phenylalanine was achieved by one cycle of' the.
Edman degradatlve procedure (Edman, 1956; Gray, 1967) Coupling of the
phenyllsothlocyanate (PITC) was accompllshed by dissolv1ng 100 nM of the
polypeptide in 150}p1 deionized water in an acid-washed 12 x 75 mm glass.
culture tube. Reagent (5% PITC in pyridine) was added and the tube was
flushed with nitrogen to ekpel,the air, and covered with parafilm prior to
incubation at 45°C for 1.5 hours. At the end of this time the tube was un-.
covered after centrlfugatlon, and dried over fresh phosphorus pentox1deu
under vacuum at 60°C. The coupled'phehYlthiOcarbamyl residue was cleaved
from the peptide by treatment with 150:pl trifluoroacetic acid and incubation’

at 45°C for 30 mins. The mixture was evaporated t0'dryness in a vacuum



-63-

dessicator over.sodium hydroxide pellets, then was redissolved in 200 1& de-
ionized water: Theffrée phenylth10carbam§1 phenylalanine was. removed by‘ek—,
tracting foﬁr times with 2 mls butyl acetate, the upper Qrgénic layer being
discarded each tiﬁe; The remaining aqueous solution; containing motilin 2-22
was evaporated to drynesslunder vacuum;.over concentrated sulphuric acid;.re—
dissolved in 150 iﬂ deionized water and a 10 M1 aliquot removed for dansyl
chloride detefmination of the new N-terminal residue, to check for completeness

of the degradation cycle. -

3) Identification of N-=terminal residue

The method of Gray (1967) was followed with the modification of Bruton and

Hartley (1970) of using 5 x 5 cms polyamide plates.

The polypeptide, approﬁimately SnM; was transferred to a glass tube (pyrex)
0.6ix 50 mms, aﬁd'lyophilized; 2 ﬁl 1% sodium bicarbonate were then added

and the tube was centrifuged and reiyophilized. Deionized water and dansyl
chloride, (dimethylnaphthalene - 5 - sulphonyl chloride, 2.5 mg/ml in acetone)
2.5 ﬁl each were added to the tube which was centrifuged, covered with
parafilm and incubated at 45°C for 20 mins. The contents were again lyop-
hilized and redissolved in SO'ﬂl 6M hydrochloric acid, the tube beiné then
heat sealed and hydrolized at 110°C for 18 hours.

When acid hydrolysis was complete the tube was centrifuged; opened and dried

under vacuum over sodium hydroxide pellets.

Thin layer chromatography on 5'cm2 polyamide plates;.in several solvent

systems was performed. The hydroljsis products were dissolved in 2.5jﬁl
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50% aqueous’pyridine and ~ 0 5<p1 spotted on each side of the Plate.f A

standard solution : (O 5 pl) containing the dansyl derivatxves of phenyla-
1an1ne, 1soleuc1ne, prollne, glyc1ne, glutamlc acld, .serine and arglnlne;
1 UM each-acid/ml invacetonegf O.IM'acetic acid (3:2 v/v) was. spotted on

one side only. The polyamide plate was. subjectedito ascending chromato-

- graphy in two'dimensions in the appropriate solvent systems.

' Dimension ' " 'Solvent system

I I Water: 90% formic acid
200 3 (/v

(Woods and Wang, 1967)

.2 I1. Benzene: glacial acetic acid
9 : 1 /)

(Woods and Wang, 1967)

2 N IIT Hexarne: n-butanol: glacial acetic
acid
3 : 3 : I (v/v)

(Crowshaw et al,1967)
-2 v " 0.1% Ammonia: Ethanol

9 : 1 (v/v)

After running in 'solvents I and II, the plates were viewed under short-
wave ultra violet light and identification of the dansylated residue made.

Dansyl éerine/dansyl theonine, dansyl glutamic acid/ dansyl aspartic acid and
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dansyl glycine/dansyl alanine may only be differentiated after chromato-
graphy in solvent III and solvent IV was used to separate the basic residues

arginine, histidine and Z—lyéine.»

If lysine or tyrosine was present at any position in the polypeptide,Z-dansyl-
lysine or O-dansyl tyrosine was always seen. Positive identification of either
lysine or tyrosine as N-terminal requires the presence of bis-dansyl-lysine or

bis~dansyl-tyrosine respectively.

If proline is the N-terminal amino acid, the hydrolysis must be limited to

a 4 hour period.

(4)  Acylation-acetylated derivative

Acetylation of the polypeptide with acetic anhydride»was pefformed by a
modification of the method of Riordan and Valee (1967); One mg motilin was
dissolved in 1;0 ml 50% saturated sodium acetate: A thirty-fold molar
e#cess of acetic anhydride was added in five portions over 1 hour and the
reaction mikture was stirred continuously at room temperature; After a
further hour the reaction mi#ture was frozen, lyophilized and desalted on
Sephadek G15 fine (0.7 % 100 cms)_in 0.2M acetic acid at a flow rate of

6 mls/hour and 1.2 ml fraction size; The acetylated derivative was com-
pared with natural motilin; on .an equimolar basis; for biological and

immunological activity.
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(5) Acylation—succinyla?ed.derivative

The method of Klotz (1967) was slightly modified. One_mg motilin was
dissolved in 2;0 mls deionized water, the pH brought to 7.0 with 0.1M
sodium hydroiide and constantly monitored during the addition of a thirty-
folq molar e%cess of succinic anhydride over 15 mins. The pH was maintained
at 7;5 by addition of 0.1M sodium hydroxide and the mixture was stirred
éénfly at room temperature for a further 1.5 hours. The solution was
frozen; lyophilized and desalted on Sephadeﬁ G15 fine,’és described for the

acetylated derivative.

-

AFFINITY CHROMATOGRAPHY

A.-  Activation of Sepharose 4B

Eqﬁal volumes ( ~ 20 mls) of Sepharose 4B (Pharmacia, Uppsala, Sweden) slurry
and deionized distilled water were mixed together gently over ice, in a fume
hood. . Cyanogen bromide (CNBr) at a concentration of 100 mg/g Sepharose 4B
was. added in a volume of deionized water, equal to the total, and the pH

was immediately raised to pH 9 - 11 and maintained in this range by the
addition of 4.0M sodium hydroxide. ' When the pH had remained stable for

10 mins. with no further addition of alkali, the reaction was considered
terminated. Ice was added to the mikture and the gel was washed on a

Buchner filter under gentle suction with at least 10 volumes of cold 0.1M
sodium bicarbonate. The CN Br-activated Sepharose 4B could be stored as

a moist slurry at 4° for 1-2 weeks (Cuatrecasas, 1970).
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B. Coupling of ligand to activated Sepharose 4B -

Activated Sepharose 43‘waé~made*ﬁp in aﬁ eéuallvblﬁme of OIIM sodium bi=
carbonate. Antiserum to motilin or GIP wés.dilﬁtéd in an eduivalent'volume
of bicarbonate to a final concentration of SQ iﬂ antiserum/g Sepharose 4B.
The reaction mixture was stirred géntly for 24 hours at 4°C: The coupled
gel was washed well with 20 Volﬁmés éold déionized water on a Buchner filter.
Aliquots of the diluted antiserﬁm; prior to coupling; and the initial wash,
after coupling, were put aside for RIA;'to determine the efficacy of the
coupling reaction. Figs: 18 and 19 illustrate the anti-serum dilution curves

obtained in a typical procedure, with virtually no antibody activity de-

tectable in the wash.

Unreacted active groups on the gel matrii were blocked by treatment with
excess ethanolamine as follows: ethanolamine (MW’61:1; 16:4M; pH 12.7)

was brought to pH 9.0 by addition of 5;0 hydrochloric acid; Sufficient
ethanolamine was added to a known volume of coupled Sepharose 4B such that
the final molarity, with respect to ethanolamine; was l;OM; The reaction
was complete after 4 hours at 4°C and the ekcess ethanolamine removed by
washing the gel with 10 alternating cycles of O;IM sodium acetate, pH 4.0,
and 0.1M sodium phosphate, pH 8.0. The final produet was stored in an
equal volume of 0.1M sodium bicarbonate at 4°C. At this stage 0.01% sodium

azide was added as a preservative.

COLUMN CHROMATOGRAPHY

A. Gel filsration -

The technique of using a cross-linked dextran gel as a molecular sieve was
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first described by Porath and Flodin (1959) and ‘has become one of the most
commonly used methods of . separating the . components of a mixture by molecular

size.

The appropriate welght.of the gel was stlrred gently into excess buffer and
allowed to swell overnlght at room temperature. The - fines were decanted
before the gel was de«aerated'under vacuum for'30<mins; The supernatant
liquor was removed ®wo that the final suspenSien was a slurry which would

pour easily without trapping further air.

The column was mounted vertieallf; out ef dtaughts and direct sunlight;
Buffer was. injected through the outlet tubing to fill the space beneath

the bed support and to a 1evel of approx1mate1y 10 cm above the support.
The outlet was closed and the slurry poured gently down the column wall.

If necessary, a gel reservoir was attached to the column to ensure all the
gel being addedvat one time: The initial packing of the gel occurred under
gravity until the gel reservoir could be removed; then the buffer reservoir
was attached and the column packing was completed with the outlet open,

at the hydrostatic pressure which would be used in subsequent operations.

A filter paper disc (Whatman's 3MM) was inserted to stabilize the gel-~

liquid interface and the gel equilibrated in buffer overnight,

The buffer above the level of the gel was removed and the sample, dissolved
in a small volume of buffer, applied to the gel and allowed to sink to the
level of the gel surface. Aﬂvolume of Buffer, roughly equivalent to the

sample volume, was similarly:; applied, washing the sample well into the body
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of the gel, Excess buffer was replaced on top of theVgel and .the column
attached to the“Buffer; As the buffer flowed through the gel fractions of
eluant buffer of a pre~determined size were collected Between runs, the

column was stored in buffer containing 0.0l% sodium azide as a preservative.

B. Ton exchange chromatography

Ion exchangers require precycling through actd and alkali to provide the
necessary counter ion. An ion eﬁchanger; e;g:; Whafman's DE celluloses.

or Sephadex AE resins; were treated first in O:SM hydrochioric acid for 30
mins. whilst cation ekchangers (Whatman's CM or CE—Sephadek) were first
treated in 0.5M sodium hydrosidel The eschangers_were gashed well with
distilled water until the intermediate pH's were 4 and 8 respectively. The
treatments were then reversed; the anion exchanger being washed in 0.5M _
sodium hydrox1de and the cation exchanger in 0. SM hydrochloric acid for 30
mins. Both exchangers were well washed in distilled water until the
effluent pH was near neutrality. The fines were decanted and the ekéhangers
de-aerated under vacuum for 30 mins. Equilibration in the starting buffer
was ensured by repeatedly stirring the enchanger into 15 volumes of that

buffer and decanfing the supernatant liquid after 10 mins. until the pH

and conductivity of the effluant were identical to those of the buffer,

The columns were packed and the samples applied as described in Section A.
Development of the columm was achieved By either stepwise increases in buffer
ionic strength or by establishing a gradient of ionic strength; The most
strongly absorbed material was cleared'b? passage of O:ZM ammonia through

the column, and the cellulose was stored in this buffer between runs. Further
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pre-cycling was not necessary before re-use of the column, but it was. essential
that the column be well-equilibrated in.the starting buffer to ensure re-

placement of the necessary counter ion.

POLYACRYLAMIDE GEL ELECTROPHORESTS

The method followed is a -modification of that of Johns (1967); The gel
solution was.prepared by carefully mi%ing 10 mls of monomer (40% w/v
acrylamide and 0.6% w/v N;N1 ; méthylénebiséér&lémidé in distilled water)
with 10 mls.of catalyst I'(O:SZ v/v N; N; Nl-,"N1 ~ tetramethylenediamine

in 4.6M acetic acid) and 6 mls of cétélyst II'(O:6% w/v ammonium persulphate
in distilled water). Thevmi%tﬁre wés de—gasséd ﬁnder gentle vacuum for 30
mins. and 10 ml gel solution placed in each prépared 5 ﬁ 75 mm gel column.
Distilled water was layered on topléf éaéh gel and polymerization was accele=
rafed under direct light for the first hoﬁr; Fhen allowed to continue ..at

room temperature. Gels were stored at least 3 days before use and could be

kept for up to a month 1f dehydration was prevented.

Gels were equilibrated in a Shandon electrophoresis apparatus, Model 12734,
modified to allow cooling of the system The buffer used was 0.0IM acetic
acid and current was passed at 320 volts, for 3 hours. The electrodes were

placed with the anode uppermost.

Samples for electrophoresis were dissolved in 0.002M acetic acid, 1.0M with
respect to sucrose. The apparatus reservoirs were emptied, the sample

layered onto the gel surface from a Lang-Levy micropipette, and the reservoirs
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refilled with fresh 0.0IM acetic acid.

/4

(A) Method for staining and destaining for qualitative detérminations

The samples were settled into the‘gel‘Bf péssing éﬁrrént through the gel

at 320 volts for 15 mins; The dye; 1:0 ml amidoblack (O:S% w/v in l;OM
acetic acid) was mi%ed throughout the lowér reservoir buffer; and the current
run at 320 volts for a fﬁrther 15Amiﬁs: Thé'réservéirs were then carefully
rinsed and refilled with OIOIM‘ééetié acid; thé'apparatﬁs ré—assémbled; and
the gels destained by passing cﬁrrent ét'320'v61ts ﬁntil the gel was.cleared

of dye, except for the stained protein bands.

(B) Method for staining and destaining for quantitative determinations

The paired samples were allowed to seﬁtlé into the gel as previously described,
except that the time was e#tended to 25 —'5@~mins: The gel tubes were

removed from the apparatus, protected with plastic and the glass cracked in

a vice. The gels were rinsed with tap watér andAthe-marker gels were stained
in petri dishes, covered with 0.5% w/v amidoblack for 3 - 4 hours. These

gels were destained electrically in an enamel or polyvinyl basin; in cotton
wool saturated with 1.0M acetic acid; by passing current at 150 volts across

the gels.,

The remaining gels were stored moist at 4°C until the destaining process
was complete. The marker gels were aligned along the unstained gels and the
appropriate sections cut from the unstained gel with 000 silk, The gel

section was then homogenized by passage through a 5 ml luer-lok syringe in

0.1M acetic acid or distilled water. The peptide was then either extracted
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into the acetic acid overnight at 4°C for RIA determination or the water/gel
mixture was emulsified with Freund's Complete Adjuvant and used in immuni-
zation, In the latter case the polyacrylamide acted as the carrier molecule

for the hapten.

ANIMAL PREPARATIONS

(A) Chronic dog preparation

Labrador or labrador-cross breeds were selected for their size; nature and
stamina. The weight range used was 20 -~ 25 kg; All surgery was performed
aseptically. After an 18 hour fast; the dog was anaesthetized with a rapid
intravenous injection of 57 sodium thiopental ("Pentothal"); given to
effect, usuaily 9 - 15 mls. An .endotracheal tube was placed in position and
anaesthesia was maintained with "Fluothane" delivered from a Foregger open
circuit anaesthetic‘apparatus at an o%ygen flowrate of 3 litres/min. and a

fluothane concentration of 2.5%.

) Bickel pouch

An extrinsically denervated pouch of the body of the stomach was constructed
from the greater curvature. A stainless steel and teflon cannula was placed

in the pouch and brought to the exterior through a stab wound in the dog's
abdominal wall, in the left upper quadrant. Sectioning of the stomach wall
removed vagal innervation and sympathetic denervation was achieved by stripping
the nerve plekus around the splenic artery énd~vein; (the blood supply to the

pouch) for approximately 1 cm and removing any mesentery from the pouch,
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This 1s referred to in the following study as the :fundic pouch.

The fundic pouch cannula was left open and draining at all times, except

when fundic pouch motor activity was being monitered.

A stainless steel and teflon cannula (Thomas, 1941) was placed in the most
dependent portion of the stomach remnant, with a purse-string suture. This
cannula was brought to the exterior through a flank incision on the same
side and ~ 5-6 cms posterior to the fundic pouch cannula; Ekcept during

experimental procedures, this cannula was. kept closed with a teflon plug.

Gastrointestinal continuity was restored with a gastro-jejunostomy approxi-

mately 30 cm distal to the ligament of Treitz.

(2) Mann~Bollman fistula

A length of terminal ileum; approkimately 10 cm long was removed and intes-
tinal continuity restored with an end-to-end anastomosis; The distal end of
the terminal ileum segment was attached to the duodenuum approkimately 3 cm
below the pylorus with an end-to-side anastomosis, and the proximal end brought

to the exterior through a stab wound and stitched in place on the right ab-

dominal quadrant to form a stoma.

A partial antrectomy was performed to remove gastrin-producing tissue with a
resultant reduction in water and electrolyte loss through the continuously-

draining fundic cannula.
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"(3) - 'Gastrie¢ fistula:

A gastrlc flstula was constructed in. dogs when required by insertlng ‘a
Thomas cannula into the/most dependent portlon of . the whole stomach The

dogs were used in the control studies.

(L) Truncal'vagOtomy

Truncal vagotomy was performed by the thoracic route; After anaesthesia

was induced, the animals were placed on a Bird respirator and the chest
opened at the 8th rib interspace. The oesophagus was located and the left
vagus identified; divided, and 2 cm removed. The right vagal branch

was similarily treated: In a small proportion of the dogs an interconnecting
branch lies between the right and left vagi. If present, this was also

sectioned. After -the air was. expelled from the thoracic cavity, nylon

sutures were used to approximate the intercostal muscles.

(5) Antrectomy

The antrum was removed in gastric fistula dogs. The pyloroduodenal junction
was located and divided. The junction between the antrum and body of the
stomach was identified by the subtle change in texture on the surface of the
stomaeh and the antrum was ekcised by sectioning at this junction. All

blood vessels supplying,; this region were ligated and sectioned.

(6)  Vagotomy and antrectomy

In a separate 0peration the antrectomized dogs were vagotomized and vice
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versa.
After all surgical procedures, dogs were -maintained by intravenous therapy
for 3 days post-operatively and allowed a 2 week recovery period before

experimentation began.

A diagrammatic representation of the chronic dog preparation is shown in

Fig. 20.

" EXPERTMENTAL PROCEDURES

"(A)  In chronic dog with Bickel pouches and duodenal fistulae:

Dogs were fasted overnight before use. They were harnessed in a stand which
provided suppoft whilst maintaining the dog upright. A polyethylene bottle
was attached to the open Thomas cannula to collect drainage from the stomach

and prevent passage of gastric secretions into the jejunum.

A Foley catheter (id. 3mms) was attached to a syringe barrel. TIts tip

was inserted into the duodenal fistula for the appro%imate length of the
fistula or until saline in the syringe barrel flowed freely into the duo-
denum under gravity, and kept in that position with cords around the
animal's body. Intra-duodenal infusion was performed under gravity from
an open syringe barrel or at a pre-determined rate with the syringe driven
by an infusion pump (Dual Infusion/Withdrawal Pump, Harvard Apparatus Co.

Inc. Diver, Mass, U.S.A.).
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Fig. 20 Diagrammatic representation of the chronic dog preparation..
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A2l G 11/2" hypodermic needle attached to polyethylene tubing (PE 60) was
inserted into either the radial or saphenous vein for intravenous injection
or infusion. Blood samples were taken from a permanently-indwelling
(experimental duration) intravenous cannula on a 19G 7/8" needle (Argyle
Venocut Infusion Set). Patency of both cannulae was maintained with a

gravity-fed saline drip.
- Blood samples were allowed to clot for 20 mins. at 4°C. After centrifugation
for 10 mins. at 3000 rpm the serum was removed and stored at -20°C until

required for RIA.

(1) Bioassay for motilin

The fundic pouch cannula was connected to a venous pressure transducer
(Statham P 23 BB) via a water-filled tube with a side arm, allowing collection

of fluid from the pouch.

The pouch was filled with ~25 mls tap water at the start of an eiperiment,
the fluid being changed between test procedures. Test pro;edures, either
intravenous infusion or injection or duodenal infusion, were not performed
until the fundic pouch motor activity had established its basal rhythm.
Recordings of fundic pouch motor activity were made continuously on a poly-

graph (Gilson pen recorder).

Motility indices were measured over a specific time period from the formula:

M.T. =  Amplitude (mm Hg) x Duration»(secs.) of each contraction

Duration of period (mins.) x 10
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Unless.otherwise stated, no two tests were performed less than 40 mins.
apart and the response to any . test was measured over the 10 min. period

immediately following that test.

If required, serum samples were obtained and stored at -20°C until subjected

to RIA for motilin, etec.

2) Effect of GIP on acid secretion

A 15 ml graduated test tube was attached to the fundic pouch cannula to
collect the output from the pouch over each 15 min.period. Acid secretion
was stimulated by continuous intravenous infusion of pentagastrin or histamine
dihydrochloride. If’desiréd, exogenous GIP could also be administered via

the same intravenous cannula.

The volume of gastric acid produced by the fundic pouch in each period was
measured, diluted 1:10 with distilled water and titrated to pH 7.0 with
0.01M sodium hydroxide in a titrator assembly (Titrator II, Radiometer).

The H+ ion concentration was expressed as MEq. of H+ ion per 15 mins.

In the appropriate ekperimeﬁts » glucose, fat or acid were infused intra-
duodenally from a Harvard infusion pump, via a catheter, passed through the
‘Mann-Bollman fistula. Glucose was admiﬁistgred as a 20% deﬁtrose solution
in distilled Watér at a rate of 1g/Kg over 30 iih.whilst fat (Lipomul-Upjohn)
and 0;15N hydrochloric acid were each infused at a rate of 1.91 mls./ min.

over 30 min. A plateau of gastric acid secretion was considered established
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after continuous intravenous infusion of pentagastrin had resulted in
. . e + ;
three consecutive periods during which the levels of H secretion were

within 10% of each other,

The Bickel pouches in different dogs varied in size and secretory capacity,
and becuusé of the trophic effect of gastrin on the gastric mucosa it was
~also possiblé for the secretory capacity of one Bickel pouch to vary during
the duration of the study. Dose-response studies with pentagastrin were
performed in eaéh doé; and the dose of pentagastrin selected which resulted
in a gastric acid'oﬁtpﬁt equal to 75% of the maiimum output. The values
of the H+ éééretion were egpressed as ratios of the meaﬁ of three plateau
periodé: The IR~GIP response was plotted as the change in IR-GIP (A IR-GIP)

from the mean of the three periods prior to the start of the duodenal infusion).

(B) __In chronic dogs with gastric fistulae
The dogs were accustomed to being harnessed in the stand and were fasted

for 18 hours prior to any study. Blood samples for RIA were obtained and

Intravenous infusions administered as described in Section A.

(1) Determination of the rate of gastric emptying of liquids

Sodium chloride, 0.15M, containing 60 mg/litre phenol red as an indicator,
was instilled in the stomach via the gastric fistula and then drained at the
end of a 10 min. period. Various cencentrations of motilin were administered

as intravenous infusions.

The phenol red concentration in the fluid meal was determined in both the
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initial meal prior to its instillation igpo.thelstomach and in the fluid
drained'fféﬁ‘thé'étéméch:' Phenol red detérminations were performed as
follows:-

‘l ml of the 1iqﬁid~meal plus 2 mls of sodium phosphate (27.5 g NaéPO4/litre)
Were made up to 10 mls with distilled water and mixed well. The .0.D. of the
solution was read at 550 nm in a 1 cm light path and used to calculate the

rate of gastric emptying from the formula.

Rate of emptying (mls/10 mms) = (VlPl) - (VrP )

(Pi + Pr) /2

Where Vi and Vr aré‘the volumes of fluid instilled and recovered and Pi and

Pr are the concentrations of phenol red in the dnstilled and recovered fluids
réspectively: This calculation is based on the assumption that the concent-
ration of phenol red leaving the stomach is the mean of the initial and final

concentrations.

(2) . Determination of the role of gastric emptying of solids

Dogs were fed a proprietary canned dog food equivalent to a 3 g dry weight/kg.
The 'amount of solid material that remained in the stomach at various time
intervals (weighed after dessication) was expressed as a fraction of the

initial weight.

Motilin was administered as an intravenous infusion of 1.0 ug/kg/hour
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(C)  In the-intact dog

Dogs;'in the.Wéiéht'rangéL30§35 kg)with,no'surgical interferénte;,were
trainéd'tﬁ.rémain“harnésééd iﬁ the3eﬁperimenta1 stand: Ail animals were
fasted for 18 hours: Blood samples for RIA and glucose determinations

were collectéd and tést infusions were administered as described in Section
A. Test substances wére given orally from a glass syringe fitted with

a fle%ible catheter. When the catheter tip was held inside the dog's cheek
by the posterior molars; any liquid deposited there induced swallowing i

without undue trauma to the dog.

Unless otherwise stated, glucose was administered orally as a 207 dextrose
solution in distilled water at a dose of 1 g/kg. The oral fat used was

Lipomul, a palatable emulsion containing 66g triglycerides per 100 mis.

Results were expressed as change from control (A),the control value being
defined 'as the mean of three fasting serum values of that parameter, measured
at 15 min. intervals at the start of the experiment. A control was only

acceptable if the variation in serum glucose was less than 27,

Statistical significance was measured using the Student t test.

SERUM ANALYSTS

(A) Radioimmunoassays
(M GIP radioimmunoassay
A radioimmunoassay for GIP was developed by Kuzio et al (1974) but has

undergone repeated modification since then in an attempt to improve the
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specific activity and stability of the labelled tracer, the affinity of the

antisera and the efficiency and reproducibility of the separation technique.

1) Iodination of GIP

.................

(a) Routine chloramine-T iodination and purification -

125

Originally, when 6 ﬂg GIP was reacted with 2 mCi I—Na; the best tracer
. did not share complete identity with the peak of radioactivity but was as-
sociated with the descending limb of the radiochromatogram and therefore
with reduced counts. If the ratio of polypeptide : iodine was increased to
6:1, the peak immunoreactivity coincided more closely with the radioactive

peak, with no loss in specific activity. '

The reagents were added in the following order in a siliconized 10 x 75 mm

- glass tube, mixing being ensured by bubbling air through the reaction mixture:-

6 g CIP in 100 4l 0.4M sodium phosphate, pH 7.5

l‘mCillzs 1-Na in lO’ﬁl carrier-free NaOH

:'40’ﬁg chloramine~T in 10'ﬁ1 0;4M sodium phosphate; pH 7;5
15 sec. exposure

'+ 252 pg sodium metabisulphite in 20 pl 0.4M sodium phosphate, pH 7.5

Separation of the free 125 1 from the labelled peptide was routinely achieved
by transferring the reaction mixture to a column of Sephade% G25 fine,

'(0;9 k‘28 cm) and eluting the radioactive material with O;ZM acetic acid,
containing 2000 KIU Trasylol/100 ml and 0;52 B;S.A. Approkimately 40 x 400
'ﬁl'fractions were collected and 10 ﬁl aliquots were counted for 0.1 min. to

‘produce the radiochromatogram in Fig. 21. A charcoal-binding assay was



-85~

3

% neb Guist

P,§1§ =1

e,
kY

i
I
)
;
0.2 1 :
!
o |
— i
O] I
| ¢ |
& o)A |
© !
c
S |
Q
@ |
® |
i
0.0 - |
|
|
) |
g 300 4 !
%
] x
; £
i E 2004
: o :
; ~
2
O
N |
o 100+
c
3
s
i
|
|
) 0 T T T 1
ij 0 10 20 30 36
% Fraction #
i |
. 4 R
Fig. 21 Chloramine~T iodination of GIP at a peptide:iodine ratio

of 6 ug: 2 mCi. Separation of labelled GIP from free iodide
on Sephadex G25 in 0.2M acetic acid. Counts per 0.1 min

(e—e) : NSB (6—o0).



LEAF 86 OMITTED IN PAGE NUMBERING.



-87 -

performed by addlng 200,pl .of the routine. dextran-coated charcoal suspension
to tubes contalning 5 =% 103 cpm/lOO_pl in a total volume of 1 ml The
fractions displaying the 1owest'maXimum binding to charcoal were pooled,
dilutéd with column eluant buffer to a concentration of . 1.6 x 106 cpm/2

ml and stored at =20°C in siliconized glass tubes.

The average specific activity of labelled GIP purified in this manner was

50-90 mCi/mg and its shelf-life was 3-4 weeks.

)] Variations of chloramine-T iodination

It had Beéﬁ'shoWn that decreased concentrations of chloramine-T for the same
time e%posﬁré onl& sFrved to decrease the degree of incorporation of iodine
into the peptidé (Kuzio; 1973). The effect of decreased concentrations of
chloramine-T on the degree of GIP iodinétioﬁ, when the exposure time was
increaséd; was meas?red by reacting 2 ﬁg porcine GIP with 1 mCi 125I—Na

in the presence of 4 ﬂg chloramine-T. After 30,A60, and 120 sec, 20 ﬁl
aliquots were removed from the reaction mixture and added to 25 ug sodium
‘metabisulphite in 20!ﬁ1 phosphate buffer, along with 100 ﬁl of the column
eluant buffer. Each aliquot was purified in the routine manner on Sephadex
G25 fine and the specific activity of each calculated approximately from the
% iﬁcorporation of the iodine into the peptide, estimated from the approp-
riate radiochromatogram; After 30 sec eéposure the specific activity was

' 45'mCi/mg; after 60 sec it was 112 mCi/mg and after 120 sec it was 350

mCi/ _mgA-'

(c) Lactoperox1dase -method of 1od1nat10n

As 1actoperoxidase*provided a gentler method of oxidation of iodide to
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iodine, it'was.ekpected tovbé“preferable as .the o%idizihg'agent in the iodin~
ation of GIP; ﬂThe'procedure'Was.pérférméd e%actly as was outlined for motilin,
The radiochromatogram; in Fig: 22;'was used to calculate Ehe specific activity
from the % incorporation of iodine into the polypeptide; The specific activity,

calculated this way .was 62 mCi/mg and therefore this method showed no improve-

ment over the chloramine~T mediated oxidation.

(2) ° Purification of GIP

In an attempt to separate labelled from un}abelled GIP the fractions selected
after gel filtration were pooled; lyophilized and subjected to ion egchange
chromatography. The label was ;econstituted in 2 M1 0.06M Tris buffer, pH
corrected to 8.5 with 6.0M HCl; and applied to a column of QAE Sephadek A25,
(0.6 x 15 cm), ‘well-equilibrated with the Tris/HCl'buffer; containing 1%
Trasylol and 0.5% B;S.AJ The column was deyeloped'with the same buffer and

1 ml fractions were collected at a flowrate of 20 ml/hour. The radiochroma~
togram obtained by counting these fractions in an automatic Yy counter is
shown in Fig. 23. The 125_I—GIP peak was located by determining the region
of lowest charcoal-binding, as previously described. The appropriate fractions
were pooled and diluted 1:4 in acid—ethanol; (15 ml ethanol : 5 ml distilled
water : 0.3 ml concentrated HC1l). The specific activity was determined by

assaying serial dilutions of the labelled GIP.

(3)  Extension of the shelf-life of 2> 1-GIP

The charcoal binding (NSB)of:the routine label preparation was 5 - 9 7 B.

Internal decay during the storage of this label raised this value to 20 % B
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after 3 weeks at -20° and . this wés ﬁnacceptablEI'_Repurificatiqn of the

label was attempted by twd'différent-méthods: A 2 ml aliqugt ofv125 1-GIP
containing 2.1 3('106 cpm;'one~month old and with a NSB of 24.2% B, was treated
with 10 mg resin (AG I-XIO) to adsorb any free 125 1 present: The mikture
was'vorte%ed well; centrifuged at 3000 rpm for 10 min: and the supernatant
kept. A second label aliquot was treated with 10 mg microfine silica (QUSO)
which absorbed the labelled antigen; After miking and centrifugation, the
supernatant was discarded and the pellet washed with distilled water. The
labelled peptide was eluted from the silica into 2 mls 40% acetone: 1%

acetic acid: 60% distilled water (v/v) and the supernatant was kept. Both
supernatants and an untreated vial of the same label were diluted with diluent
buffer to the same concentration of cpm/100 ﬁl and standard curves prepared
with each label. There was no significant difference in the standard curves
obtained at either the LDD or midrange values but treatment with AG 1-XIO
substantially reduced the NSBMof the label and could be used to prolong the

shelf life (Table XI, Fig. 24)

TABLE XI

5

Effect of treatment of 12 I-GIP on NSB of that label

Label treatment LDD ' Midrange NSB
' ..pg.GI? |  pg GIP. . ..}|. .. .%Z.B. .
Untreated ' 25 160 24,2

AG I-XIO 25 200 14.1

QUSO - 25 140 26.0
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(4)  Production of antisera to GIP .

Antisera to GIP were raised in rabbits and guinea pigs by the methods

previously detailed for motilin.

(a) Storage of antisera

‘Antisera attaining a usable titre was stored, lyophilized in 200 ul aliquots
at -20°C. As required, an aliquot was reconstituted at a 1:10 dilution in
diluent buffer and kept frozen in 50 - 200 ﬁl amounts in siliconized 10 x 75

mm glass tubes at -20°cC.

(b) Characterization of antisera

All antisera to GIP were checked for crqss'reactivity with other polypeptides,
i

especially those of the secretin family, i.e., vasoactive intestinal peptide,
glucagon and secretin itself, with which GIP shares.structural similarities.
The routine assay antiserum, Van 8, did not cross react with any of these,

or with cholecystokinin - pancreozymin, gastrin, motilin or insulin at concen-

trations up to 10 ng/100 ﬂl.

(5) Assay protocol
All dilutions and volume corrections were made with 0.04 M soddium phosphate, pH 6.5
containing 7500 KIU Trasylol per 100 ul and 5% (w/v) charcoal-extracted plasma.

The composition of the incubation volume was:-
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100 11 > I-eIP containing. 5000 cpm

lOO-ﬁi GIP standard over the range 12.5-400 pg
or

100 iﬁ assay control
or

50-~200 1l unknown
100 ﬁi antiserum at the appropriate initial dilution

Diluent buffer to a final volume of 1.0 ml.

Assays were set up in a cold tray at 4°C, in triplicate, in siliconized
10 x 75 mm glass tubes. Incubation was.of the equilibrium type, at 4°C,

for 48-72 hours.

The incubation volume has recently been altered to 300~p1, with the resultant
decrease in the antiserum volume required. After the normal incubation period,
‘the volume was corrected to 1.0 ml with diluent buffer prior to the separation

of bound and free antigen.

In both cases, NSB tubes and total count tubes were included and the analysis

of data was performed as described for motilin.

The standardization of the incubation milieu was examined by preparing standard
curves with and without the addition of 100 11 charcoal-extracted plasma,
to compensate for the protein addéd in the remainder. of the assay when serum

samples were being monitored. There was.no significant difference in the
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curves obtained (Fig.25) and the addition of plasma was deemed unnecessary.

(6) Preparation of standards

Working stock standards were prepared by dissolving 1 pg GIP in 0.04M sodium
phosphate buffer, pH 6.5, containing 7500 KIU Trasylol per 100 ml and 0.57 BSA
(w/v) to a final concentration of 8 ng/ml. These standards were stored in 1.5
ml polypropylene mictrotest tubes at -20°C and were used in the assay after
being diluted 1:1 in diluent buffer, i.e to 400 pg/l00 pl. The other standards
were prepared by serial dilution. Working stock standards were discarded

after being thawed.

(7) Preparation of controls

Aftificial control sera were prepared by dissolving porcine GIP in 0.04M
sodium phosphate buffer, pH 6.5, containing 2000 KIU Trasylol per 100 ml and
5% (v/v) charcoal-extracted plasma, to a concentration of 200 pg/l00 pl. The
‘controls were stored in 1.5 ml polypropylene microtest tubes at -20°C and
assayed at the beginning and end of every assay, to provide an estimate of
intra- and inter-assay variability. In 50 arbitrarily chosen assays, the
initial control value was 254 t 43 pg/100 pl (mean p SD) and the final control
was 258 ¥ 50 pg/l00 pl. Any assay in which the controls varied more than

1 $D from these values was suspect and was discarded.

(8) Separation techniques

Separation of the free 125I—GIP from the labelled peptide bound to the anti-

serum was routinely performed using dextran-coated charcoal, exactly as
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desCribedlfor.motilin;..An.alternative~method involyes the precipitation

of the antibodf/antiéenfcbmpleﬁ Qi;h:thé'élcéhél; dioéane:'-WheﬁfStandard
curves wéré incubated under'routiﬁé C6ﬁdifioﬁs and thénﬂsépérated by the
gddition of either 200 ﬁl de%tran—coated éharébal sﬁspension or 1 ml diokane;
there was no sigmificant difference in curves obtained (Fig: 26);'but at

this time the dioxane method has proved less reliable.

II. Insulin radioimmunoassay

(I) By commercially available kit

Measurement of immunoreactive insulin (IRIL) was performed with the Amersham
Searle Insulin Immunoassay Kit (IM-39) - developed from the method of Hales

and Randle (1973). Insulin tracer; labelled with 125 _ I at a minimum specific
activity of 50 mCi/mg reacted with insulin antibody; provided as a dessicate
already bound to a second‘antibody; The standards were human insulin, over the
range 2.5 - 160 UU/mli All dilutions were made in isotonic sodium phosphate
buffer at pH 7.4, containing 0.5% BSA and trace thiomersal as a preservative.
The assay was of the disequilibrium type with 6 hour incubation of antibody and
- unlabelled antigen, followed by label addition and incubation for a further 18
hours. After centrifugation,. the supernatant was discarded and the pellet
consisting of the Bound antibody/antigen comple* was counted in an automatic

- gamma counter. Results were egpressed as a percentage of the initially added
counts (7ZB).

(2) - By non-commercial radioimmunoassay

A laboratory radioimmunoassay was developed from the method of Dr. K.D. Buchanan

(personal c¢ommunication).
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fhe'following reaéents-wéré:prepagé&Tjﬁst‘priér.té'usé'and mi%ed'togéther
in a'siliconized glass lZ-g 75'mﬁ‘tﬁbé iﬁ the’érder‘givéﬁ}—
125 1 1 mci in 10 1 N
Insulin(pOrciﬁe) S‘ﬁg in 'ZO'ﬁl O:ZM sodium phosphate pH 7.4
Chloramine-T 'lOO'ﬁg in ‘20'ﬁ1' O:ZM sodium phosphate pH 7;4
10 sec e%posure
Sodium metabisulphite'ZéO’ﬁg in 100'ﬁ1 O;ZM sodium phosphate pH 7.4
45 sec e%posure |
Sodium iodide 1% in’ SO'ﬁl 0.2M sodium phosphate pH 7.4
The 125I£é.insulin was purified by adsorption onto 10 mg microfine silica
(QUSO) in a total volume of 2.0 mls sodium phosphate buffer. After vorteiing
and centrifugation; the free iodide was discarded with the supernatant. The
silica compleﬁ was washed with 3.0 mls distilled water and the labelled

insulin was eluted with 5.0 mls acid-ethanol (15 ml ethanol; 5.0 ml distilled

water; 0.3 ml concentrated hydrochloric acid) and stored at -20°C.

The specific activity of the label was calculated from the percentage iodine
incorporated into the insulin, By counting aliquots of the initial supernatant,

the water wash, the final labelled product and the silica pellet, and corfecting

25

for the volume, i.e., a typical incorporation of 75% 1; -1 into the polypeptide

represented an approximate specific activity of 150 mCi/mg.
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(b) The insulin aﬁtibody

The antiserum, obtained from a guinea pig, was kindly donated by Dr. K.D..

Buchanan.

N

(¢) The assay protocol

Sodium phosphate buffer (0.04M, pH 7.5, 5% charcoal-extracted plasma) was
used in all dilutions and for correcting the final volume to 1.0 ml. The

composition of the incubation volume was:-—

100 pyl standard human or porcine insulin, range 1.25-80 pU/ml
‘or

50-200 yl unknown

100 ﬁl antiserum at the appropriate initial dildiution
Diluent buffer to a final wolume of 0.9 ml .f

24 hour incubation at 4°C

100jﬁ}25 -I insulin, containing ~12,000 cpm

24 hour incubation at 4°C
Non-specific binding and total count tubes were included (see motilin RIA).

Separation of counts bound to the antibody/antigen complek was achieved by.
adsorption of the free and damaged antigen onté dextran-coated charcoal (5%
w/v charcoal, 0.5% w/v dextran in 0.04M sodium phosphate buffer pH 7.5 -
200ji1/tube) and centrifugation at 2800 rpm for 20 min. After the supernatant

wés discarded, the free cpm (the charcoal pellet) was counted in an automatic

counter and the results expressed as 7% Bound.
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B, . Serum glucose -

Serum.éluéése'détérminétions:weré\perfdrméd in a Beckman gluébse analyzer:
A precisé vélﬁmé of'sampié'(lO pl) was pipetted into a standard amount of
well-aerated enzyme reagent solution; containing glucose oiidasé; ethanol;
molybdaté and iddide; The D-glucose in the sample reacted with the'okygen
in solution to produce gluconic acid and hydrogen perokide. |

. .Glucose Oxidase .
Glucose + 0O Gluconic Acid + H202

2
HZO

The presence of ethanol, iodide and molybdate in the reagent solution pre-
vented the destruction of the peroxide by a pathway resulting in further

oxygen production.

The rate of oxygen consumption was directly proportional to the glucose
concentration in the sample and the change of oxygen concentration in the
solution was measured by an oxygen electrode and converted to produce a

direct digital read out in mg% glucose.
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RESULTS

ESTIMATION OF THE DEGREE OF CONJUGATION BETWEEN A .POLYPEPTIDE AND BOVINE
SERUM ALBUMIN

A. With motilin

A motilin/BSA conjugate was prepared as previously described with one difference
i.e., the addition of an aliquot of 125 T-motilin, containing 9000 cpm, to the

reaction mixture. The reaction was terminated by freezing the mixture.

A column of Sephade# GéS fiﬁe‘(D:9 %'100 éﬁ) wés éalibréted with 125 I-motilin
in 0;2M acetic acid;'l:5 ml fractions being collected; The conjugate reaction
products were eeparated by chromatography on this same.column; under identical
conditions; The prqteih content of each fraction was determined spectrop- A
hotometrically at 280 nm in a 1 cm light path; and the radioactive content

of each fraction was estimated by counting for 1 min in an automatic ¥y counter.

The column profiles obtained are illustrated in Fig. 27.

The assumption was made that the labelled and unlabelled polypeptide would
behave identically under the conditions of the conjugation procedure. Therefore,
the percentage of the total reactivity eluting in the void volume of the column,
with the major protein peak would give a measure of the percentage of poly-
peptide conjugated to the BSA in this reaction. TFrom Fig.27 it was estimated

that at least 607% of the motilin was conjugated.

B, 'With GIP

The method was as described for motilin except that 125 I-GIP (12,000 cpm)

was added to the reaction mixture during the conjugation of GIP and BSA
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The column had been previously calibrated with 125 I- motilin
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by the"carbodiimide method.

The column profile obtained indicates that 100% of the GIP was conjugated

to the BSA as illustrated in Fig. 28.

REPRODUCIBILITY OF TR-MOTILIN DETERMINATIONS

Serum samples; containing motilin endogenously released by'duodénal alkalini~
zation, were obtained from 2 different studies in dogs: Sera from one
experiment was immediately tréated with the protéase inhibitor;,Trasylol,

100 ﬁl per'ﬁl of Serum: Both'éréups of sera were assayed for IR~ motilin

content, stored at -20°C and re-assayed 3 months later,

Table X11 shows the results; in pg/ml IRh*motilin;_obtained in the two assays;
after correction for the dilution by Trasylol in the appropriate ekperiment.

In Fig;'29, the assay results have been plotted against each other; Protection
against enzymatic degradation did not appear necessary for motilin; On re-

assay only 1 sample deviated more than 25% from the line of identity.

COMPARISON OF RIA AND BIOASSAY OF MOTILIN

The motilin content of the commercially prepared duodenal extract "Pancreo-
zymin" (PZN) estimated by RIA under routine conditions and by bioassay in

the chronic dog preparation.

A. -~ Immunological ‘comparison

Serial dilutions of Boots "Pancreozymin' (PZN), ranging from 0.25 - 2.0 g/
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TABLE XTI

Results, in pg/#il-IR-motdilin, demonstrating repfodﬁéibiiity of motilin determinations after storage for

three months, with or without added Trasylol

Sample Time { Sample % With Trasylol ' | ) v-Winth”$r§§ylo}> S
24/6/74 9/10/74 , 24/6/?4 o _% _9/%9(7§m;w~_7
30 min T ? 530 580 680 670
~15 min 2 - 560 520 " 660 670
0 min 3 410 | 490 : 700 690
2 min 4 870 760 850 940
5 min 5 700 640 1100 1200
7 min 6 960 940 1100 1120
10 min 7 900 890 - 960 830
15 min 8 - 760 690 830 840
20 min 9 870 820 920 910
25 min 10 940 1100 840 730
30 min 11 i 830 940 840 720
45 min 12 i 720*, 980% 600 590
60 min 13 z 520 600 550 | 580

* Deviates more than 25% from the line of indéntity

=901~
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Figs 29  Reproducibility of motilin deteérminations on serum samples
~stored between assays.at .'-??0."'(3,_‘_. with. (o) or without .‘(__o):

'Trasylol;- 6n1y 1 sample deviated more. than 25% from the

line of identity -on reassay. (Dryburgh and“Brown.- Gastro-

- enterology 68: 1169-1175, 1975).
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100 ﬁl were incubated with motilin antiserum in a routine RTA. The resul-
tant displacement of 1251 - motilin obtained with 1 ﬁg/lOO ﬁl PZN was fitted
to the standard curve, the other dilutions being plotted accordingly. The
immunoreactive material in the duodenal extract shared 100% immunological
identity with the pure polypeptide and the motilin content in 4 separate

estimates was 140 & 40 pe/ ﬁg Boots PZN (Fig. 30).

B. 'Biological comparison

In 2 experiments in each of 3 dogs, matched responses of increased fundic
pouch motor activity were produced by bolus, intravenous.injections of
natural porcine motilin or Boots PZN given at least 40 mins. apart. The
order of the injections was randomized. Fig. 31 and Table XIII illustrate
the increase in motor activity, expressed as motility indices, in the 10
ﬁin. period immediately following the injection compared to the 10 min.
period immediately prior to it, for 2 different doses of pure polypeptide
and impure extract. Equivalent responses were observed after 1 and 2 ﬂg

pure motilin or 10 and 20 mg PZN (Table XIII, Fig. 31).

Therefore, by both immunological or biological estimations, the pure

polypeptide represents a 10,000 fold purification over the impure extract.
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TABLE XITI

Comparison in the increase in Motility Indices after single intravenous

.- . q +
injections of motilin or Boots PZN .

A. 1 pg motilin / 10 mg Boots PZN

*
Dog Experiment Motility Tndex
Control Post motilin Post PZN
P 2/5/74 15.6 71.4 76.1
S 9/5/74 ’ 24,7 90.8 : 69.3
A 14/5/74 19.8 75.7 : 85.2
Mean ¥ sSE  20.0% 2.6 79.3 T 5.8 76.8 T 4.6

B. 2 pg motilin / 20 mg Boots PZN

Dog Experiment R Motility Index
' Control Post motilin Post PZN
P 9/5/74 11.0 169.0 180.8
S 14/5/74 18.3 195.1.. 184.7
A 2/5/74 16.2 173.7 175.4
Mean T SE 15.2 T 2.0 179.3 T 8.0 - 176.9 ¥ 5.9

* represents a 10 min period

+ PZN - Boots 'Pancreozymin'
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Fig. 31 ' ‘.Co,mpar.i_sgsn of blologlcal actiyity- (eicP?res‘s_ed' as..mo_t:ilityindices)

of ‘pure.motilin and a crude :Q};odgnalﬁ_EXt;‘act_f_(ngt_iS"PZN) “in the
- chronic dog bioassay, at 2 doses. " (a) 1 _ug/‘kg_' poreine motilin
- and 10 mg/kg PZN and (b) 2 _ug/vkg”pure motilin and 20 mg/kg PZN.
Each group of results repres;mts the mean t SE of 4 e@eriments

in 2 dogs..
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MOLECULAR HOMOGENEITY OF MOTILIN

A, In-seérum

To detérmiﬁe Whéther*motiliﬁ é%iéfea"iﬁ;msré thaﬁ‘oﬁé:detéétable.form sera

containing endoéenbusfmotiliﬁ wéS'QUBjectéd’té gel'filfration as follows:-
2 mls serum contéiﬁiﬂé'900 pé/ﬁl'IR_;fm§ti1in was applied to a colum
of Sephadex G50 fine'(0:9r£'100'Cms); the column was developed with Q;ZM
acetic acid; and thé'elﬁant was cglleéted'in 1;0 ml fractions at a flow-
rate of 10-mls/hour; Samplés'wére Stéréd'at;4?O°C until 100 ﬁl aliquots
could be assayed: The'éolumn profilé CFig: 32) indicatés that only one
detectable form of motilin e%isted'in this serum which was taken at the

peak of a canine response to duodenal alkalinization.

B. In tissue extract

Presekretin, the starting material in the purification of motilin, was estima-
ted, by RIA, to contain 13.5 ng/ 1g IR - motilin. Three jig of this material
in 2.0 mls 0.2M acetic acid was eluted from Sephadex G50 fine under the same

conditions as in (4).

The column profile in Fig. 33 was obtained after monitoring each fraction at
1:1000 dilution for IR - motilin content.

The chromatography system was calibrated routinely with 125 1~ albumin and

125 1- motilin, 50,000 cpm of each in 0.2M acetic acid.
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Fig. 32 " ' Column profile obtained.after chromatography of. 2 ml serum

- containing -900 pg/ml IR- motilin: on Sephadex G-50-(0.9"x 100 cm)
in 0.2M acetic "acid. 'Thé'column'was'calibratea'withflzs I-
125

"motilin and Todine
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Fig. 33 '.quumn'profile;pbtainedﬂafterlchrdmapography;of 3 ug Presekretin

in 2 ml eluting bufferion Sephadex G-50.in 0.2M acetic acid. The

- column was calibrated with '125'I; albumin, ’1251-—' motilin and >12510dine.
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DISTRIBUTION :OF IR-= MOTILIN . THROUGHOUT .THE HOG GASTROINTESTINAL TRACT

The tissue was collected fresh,and divlded into- appropriate sections It
was boiled Briefly, cleared of connective tissue, frozen coarsely minced
and extracted into acid«ethanol.

Composition of acid~ethanol:-

3.75 litres - 95% ethanol

075 ml glacial acetic acid
1.25 litres distilled water

The filtrate was cleared by successive passage through several layers of
cheese cloth and nylon gauze;'and the pH lowered'to 2:5 by addition of
2.0M hydrochloric acid; Adsorption onto alginic acid was allowed to pro-
ceed for 1 hour at 4°C and the alginic sediment was then removed by gentle
filtration under vacuum and washed well with O;ZM acetic acid. The com-
bined washings were cooled to 4°Cwand the protein was precipitated by
saturation with sodium cthride'(BS g/litre); redissolved in distilled

water and lyophilized.

After lyophlllzatlon, each extract was desalted and partlally pur1f1ed by
chromatography on Sephadex 625 coarse in O. 2M acetic acid, Flg. 34 shows a
typical column profile, obtained in the purification of a duodenal e%tract.
The appropriate fractions were pooled as indicated; lyophilized and monitored
for IR- motilin content at several dilutions: The results are presented in

Table XIV.
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TABLE X1V

Distribution of IR-motilin throughout the hog gastrointestinal tract

Region IR-motilin in pg/ug Ratio

dry weight extract

Duodenum (Fr 1) 94 7
Jejunum (Fr 1) 1300 100
Ileum (Fr 1) 0.6 0.04
Fundus : . *ND 0
Antrum #ND 0
Oesophagus *ND 0

* ND - non-detectable
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Fig. 34 Desalting of a ;rudeiextract}of hog ‘duodenal mucosa on

‘Sephadex” G-25 coarse (Z;SZX3lOOTcQ)fin_O;ZM[écgtic;acid.

Absorbance at 280 nmiin a 1 cm light path-and:conductivity
it g i !
in millimho was determined for each fraction. Fractions

286-38 were pooled and lyophiliqﬁd and subsequently‘referred

to as Fr I. |
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The jejunal extract- content was.assigned an arbitrary value of 100 and in

descending oxder anatomically,.the following ratios were obtained:i~

: Oeédphééﬁs ' 0
T{mdﬁs : 0
Antrﬁm 0
‘Dﬁodenﬁm 7
Jejunum 100
Iléﬁm - 0:04

RELATIONSHIP BETWEEN GASTRIC (FUNDIC) MOTOR ACTIVITY AND ENDOGENOUS MOTILIN

RELEASE

Six dogs prepared for the chronic bioassay study were used in this study.

Blood samples were obtained whilst the dogs eﬁhibited 1ow-$pontaneous

activity in the fundic pouch; during infusion of 50 mls Q;3M Tris buffer, pH 9.5,
and whilst the motor activity was returning to (or below) basal levels. In

3 experiments;'SO'mls OlIM hydroéhlbric'acid was substituted for the alkali

and control e%periments were performed in 4 dogs; during ‘duodenal infusion

with 50 mls 0.9% saline,Blood sampling and gastric motor activity recording

were performed as in the alkali experiments.

On 2 different occasions dogs exhibited a spontaneous and significant in-
crease in fundic motor activity. The experiment was continued and blood
samples taken to monitor any changes in IR~ motilin levels.

The fasting serum level of IR~ motilin in the dogs was 412 i'44_pg per ml
(mean t SE) and the duodenal pH was 7.5. Passage of the infusion into the

duodenum was complete in 3 mins. After alkali, the circulating IR-
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motilin had increased to 498 ¢'100_pg per ml within 2fmins; the duodenal

pH having reached 8;2; At the end of 5 mins the IR~ motilin levels were

at their peak value of 916 t'96_pg/ml. The gastric motor activity also
reached its ma%imum within the first 5 min post-infusion and the duodénal

pH had returned to its pre-infusion level (Fig 35 and Tables Xv;'XVI).

There was no increase in either IR~ motilin or fundic pouch motor activity
when the duodenum was perfusedn with saline; (Fig 36 and Tables XVII, XVIII).
In the 2 instances; when the fundic pouch motor activity increased spon-
taneously, a concomitant and spontaneous elevation in IR- motilin was also

noted, (Fig 37 and Tables XIX, XX).

The resUlfs obtained after duodenal perfiusion with O:IM hydrochloric acid
were equivocal. The increase in circulating IR~ motilin was not as

_ great, was slower in reaching its peak value and was also slower in
Teturning to the pre-infusion levels. There was no associated increase
in fundic motor activity. The comﬁarison between the incremental IR-
motilin responses to acid, alkali and saline is summarized in Fig 38 and

Table XXI.

EFFECT OF INGESTION OF GLUCOSE OR A MIXED MEAL ON THE CIRCULATING LEVELS
OF IR- MOTILIN

These studies were performed in 6 fasted, human volunteers (aged 20 -

36 years) with no history of gastrointestinal disorder. On the first
occasion the subjects were given; orally, 1lg/kg glucose in a 20% solution:
Blosd samples were taken during the control period and at- 5 lO 15 30

er, 60, 75 and 90 min after the ingestion of the glucose. On a second

occasion, these same subjects were given a normal meal, consisting of



Fundic motor activity response to duodenal infusion with alkali.

TABLE XV

DOG CONTROL Minutes after onset of duodenal infusion
I.D. -20 =15 -10 -5 .0 5 10 15 20 25 30 35 40 45 50 55
-15 =10 -5 -0 10 15 20 25 30 35 40 45 50 55 60

Pl 31.4 O 10.7 4.8 94, 41.2 0 13.2 0 8.1

P2 69.5 73.0 42,2 44,0 97. 23.3 34.8 23.2 45.8 35.0 16.0 17.2 26.8

R1 19.0 55.3 6.4 7.6 124.8 154.0 66.2 56.3 24.6 30.4 7.8 11.0 5.0 9.8 4.8 O

Sl 14.0 35.7 36.1 42.7 127, 65.0 40.6 27.1 67.6 46.6 41.1 38.4 35.0 O 16.0 14.6

82 17.1 51.4 3.3 O 226.6 107.5 65.5 55.1 33.2 72.6 53.7 54.0 28.4 33.2

R2 64.7 62.5 46.3 45.4 179. 84.2 48.6 30.6 42.8 33.4 18.8 35.3 8.4 0 0 5.1
X 35.9 46.3 24.1 24.0 |[141. 79.2 42.6 34.2 35.6 37.6 27.4 31.2 20.7 10.7 6.9 6.5
SE 10.1 10.5 7.9 8.9 19.3 9.9 7.1 9.2 8.6 8.5 7.7 5.9 7.8 4.7 4,2

21.

-0¢1-



IR-motilin (pg/ml) response to duodenal infusion with alkali.

TABLE XVI

DOG CONTROL Minutes after start of duodenal infusion
I.D. -20 -10 0 2 4 6 8 10 15 30 45 60
Pl 450 550 2001 200 800 600 500 400 300
P2 450 450 600 1800 1300 800 550 400 350
Rl 300 280 280 280 450 960 | 540 560 620 380 300 280
Sl 310 270 460 500 650 1100 600 550 520 700
S2 377 311 277 622 544 477 577 440 300 280
R2 890 570 560 970 1100 940 980 940 740 560 430 400
X 412 405 396 728 807 855 690 655 430 426 445 315
| 44 55 67 241 135 106 145 71 101 39 89 28

SE

=121~
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Fundic pouch motor- actiyity, -expressed as an indexof motility-and

circulating levels of IR-.motilin.in pg/ml after 1ntraduodena1 1nfu51on

iqﬂ 0.3M" trls,bgffer.;

Each,motlllty index represents the mean’ (— SE) for

a. 5 min period, whilst the serum.levels of motilin (mean.r.SE)'are

measured at-a. specific time: (Dryburgh and Brown (1975), Gastroenterology

'68: 1169-1176)

n= 6



Fundic motor activity response to duodenal infusion with saline.

TABLE XVII

Minutes after start of
Doe CONTROL duodenal infusion of saline
I.D. 20 -15 -10 -5 0 5 10 15 20 25
15 10 5 0 10 15 20 25 30
R3 54.0 28.4 33.2 58.3 56. 47.0 27.5 26.0 14.8 12.8
P3 23.6 28.4 14.6 11.2 4, 4.7 0 0 11.6 7.8
R4 62.1 54.7 30.6 0 0 0 0 11.4 6.5 11.7
P4 20.4 20.9 11.3 12.6 7. 13.4 14.8 9.6 18.4 20.6
X 40,2 33.1 22.4 20.5 17. 16.3 10.5 11.7 12.8 13.2
SE 10.5 7.4 5.5 12.9 13. 10.6 6.6 5.3 2.5 2.6

-€C1-



IR-motilin (pg/ml) response to duodenal infusion with saline.

TABLE XVIII

DOG CONTROL Minutes after start of duodenal infusion

I.D. -20 -10 0 2 4 6 8 10 15 30 45 60

R3 320 470 510 410 390 240 350 360 400 280 280 280

P3 450 390 380 125 310 350 125 300 280 280 350 280

R4 380 280 240 280 320 310 260 200 125 200 280 300

P4 410 440 450 380 350 380 270 310 300 400 350 300
X 390 395 395 298 342 320 251 292 276 290 315 290
SE 27 41 "58 64 17 30 46 33 56 41 20 5

-%Zi-
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circulating leVEls‘gf”IRf.motilin in pg/ml after intraduodenal infusion:

of 0;15Mv$aliné;i”Eaéhl@btilithindexlrepresents'the:mean_(t'SE) for

© a5 min period, whilst:the:serum:levels of motilin are measured at a

‘specific time, as.-mean % SE' (n

= 4) .
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Fig. 36 Fundic pouch motor activity, expressed-as an‘indek of motility, and



TABLE XIX

Spontaneously induced fundic motor activity.
DOG CONTROL Spontaneously induced fundic motor activity
I.D. =20 -15 -10 =5 0 5 10 15 20 25
' -15 =10 - 5 0 5 10 15 20 25 30
R5 82.2 63.1 143.8 127.7 25.7 11.6 0 0
P7 38.4 14.2 67.8 65.8 16.0 14.6 39.2 40.6
L
X 60.3 38.6 105.8 96.7 20.8 8.1 19.6 20.3 ?
21.9 24.4 38.0 30.9 4.8 6.5 19.6 20.3

SE




TABLE XX

IR-motilin (pg/ml) response to spontaneously increased motor activity.

-LT1-

DOG CONTROL Time after onset of spontaneous activity
I.D. =20 -10 0 2 4 6 8 10 15 30 45
R5 460 520 800 720 1000 430 400 400 270 350 300
P7 390 520 700 1100 2600 640 520 680 500 300 300
X 425 520 750 910 1800 535 460 540 385 325 300
SE 35 0 50 190 800 105 60 140 115 25 0
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Fig. 37 Fundic.pough motOr.actiyity;{exp;eSSedﬂas an index[pf,nwtility, and

. circulating leyels;of IR+ motilin in pg/ml, during a:spontaneous burst
.;of*fundic'motorﬁaCtivity:f’Each?motility-indexégepresents the mean
I SE for a 5 min period, whilst the serum.levels of motilin (mean t‘SE)

‘areé measured at a specific time. (n = :2)
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Effect of duodenal infusion of alkali, acid or saline on

TABLE XXI

the incremental IR-motilin (AIR-motilin) response.

Time in min. after duodenal infusion of alkali.

CONTROL 2 5 7 10 15 30 45 60

400 -200 400 - 200 100 0 - =100
500 1300 - 800 300 - -100 - -150 50
280 0 170 680 280 340 100 20 0

350 150 300 750 250 200 170 350 -50
320 302 224 157 250 120 -20 20 =40
570 400 530 33- 370 170 -10 -130 -170
Mean 325 404 451 270 138 48 22 ~-77
*SE 214 95 115 28 59 ° 37 89 31

_62'[_ -~



TABLE XXI (Cont.)

Time in min. after duodenal infusion of acid.

5

CONTROL 2 7 10 15 . 30 45 60

165 155 355 395 365 285 185 35 165
160 100 200 270 180 200 5 130 70
330 40 -80 220 0 80 160 30 20
266 34 144 164 234 159 69 -86 -26
175 105 25 165 115 105 105 25 115
Mean 86 129 243 179 166 105 28 69
*+SE 22 74 43 60 36 32 34 34

Time in min. after duodenal infusion of saline.

CONTROL 2 5 7 10 15 30 45 60

430 l-20 -40 =190 -70 -30 -150 -150 -150
400 ~275 =90 -40 -100 -120 -120 -50 -120
300 ~-20 20 10 -100 -175 -100 =20 0

430 =50 ~-80 =50 -120 -130 =30 -80 -130
Mean -91 -48 -67 -97 -113 -100 -75 =100
*SE 61 24 42 10 30 25 27 33

-0¢€1-
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Fig. 38 . A comparison:of the incremental IR-.motilin responses ( IR~ motilin

~in pg/ml to intraduodenal infusion of alkall, acid or saline, each

point ‘representing the mean T SE for 5 experiments of each type.
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orange Julce “bacon’ and eggs w1th fried. potatoes, toast with.conseryes
and coffee.f Blood samples were’ taken before breaking the fast-and at

15 min. intervals thereafter for 2 hours."

No increase in systemic eeruﬁ‘IR%'ﬁetilie.levele was.ebserVed:\ A
significant CP >0. 025) decrease in TR~ motilin (from the control values)
was noted at 30 and 45 mln; after 1ngest10n of e1ther glucose or the meal.
The~IBﬁ'motilin levele then'tended'to return to thé control values (Tables

XXII and XXIII; Fig. 39).

COMPARISON OF THE IMMUNOLOGICAL AND BIOLOGICAL ACTTVITIES OF SYNTHETIC AND
NATURAL‘MDTILIN FRAGMENTS AND ANALOGUES

A. Immunological comparison.

(I) Synthetic motilin and fragments.

The initial purification products, MoB and MoB,,, were found to contain 50%

1 2°
and 10% of the immunological activity of natural motilin respectively. The

polypeptide MoC, shared complete immunological identity with the natural

1
polypeptide whereas MoCz, although chemically identical, was immunologically

inactive, and may répresent an isomer of the active form.

Synthetic fragments, motilin 9-~22 and 13~22 passed no immunological activity.

The results are summarized in Fig. 40.

(1I) Fragments of natural motilin

(a) Cyanogen bromide cleavage

The immunological cross-reactivity was measured on the mixture of products



- TABLE XXII

Effect of ingestion of oral glucose

on serum levels of IR-motilin in ?g/ml

CONTROL Post glucose ingestion
-30 -15 0 5 10 15 30 45. 60 75 90
RAP 280 280 260 260 230 240 235 190 160 200 160
JRD 200 210 180 200 190 170 180 180 200 210 209
JCB 300 310 260 240 255 260 200 170 125 100 125
KM 190 200 160 140 125 100 100 100 100 140 160
HS 160 100 140 125 125 160 125 100 140 135 140
';M 200 200 230 215 190 160 170 135 140 200 210
Mean 221 216 205 196 185 181 168 145 144 164 165
*SE 23 30 21 17 22 24 20 16 14 18 13

-€ET-



Effect of ingestion of a normal mixed meal

TABLE XXIII

on serum levels of IR-motilin in pg/ml.

CONTROL Post meal ingestion

-30 -~15 0 15 30 45 60 75 90 105 120
HS 230 280 200 300 190 160 200 220 200 250 225
KM 160 280 210 210 200 100 200 210 240 190 200
JRD 140 260 180 260 160 140 230 205 235 255 260
RAP 100 160 200 240 140 125 215 190 210 235 190
JCB 330 230 310 ’230 225 210 200 180 190 160 210
™ 280 235 240 180 100 125 170 160 140 200 205
Mean 206 240 223 236 169 143 202 194 202 215 215
*SE 36 18 19 17 18 15 8 9 15 15 10

-he1-
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Fig. 39

- The serum TR~ motilin Zevels. Cmean t 'SE) Ln pg/m1<measured after

':Lngestion of e:Lther 1 g/kg 207 dextrose or a.normal, ml:xed meal

in 6. normal- subjects.  Points:marked *- indicate: a significance of

»0.05 by .the Mann-Whitney U test.
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'9-22Tand_l3-22;"lSynthgtic-mgtilinvQl}shqwedeOOZ“crOSsréaCtivity‘

with natural porcine motilin. (Dryburgh and Brown (1975) Gastroenterology.
68: 1169-1176)
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produced by  cyanogen bromide cleavage of‘motllln.‘fTheﬂdegree'Oftcross—
-reactiyity- observed was . approximately 30/ of that seen w1th,the intact
'molecule (Fig 41) This can. Be explained by the presence in the‘mixture
of uncleaved‘materlal, the cleavage being incomplete- due to the presence

of a 'small perCentage Of%methiOnine SulphoXide residues'whiCh'are.resistant

to the action of. cyanogen bromide (Gross, 1967).

(b) Tryptic and chymotryptic digestion

After enzymatic degradation of the molecule by trypsin and chymotrypsin,
acting specifically at the carboxyl terminals of the basic and aromatic
amino acids respectively, trypt1c peptldes showed no cross~reactivity with

motilin antiserum (Fig. 41).

(ITI) Modifications of natural motilin

(a) Removal of the C~terminal residue(s)

A 6 hour digestion of motilin with carboxypeptidase A resulted in release +
- N

N

of 807 of the C~terminal glutamine and 30% of the penultimate C~terminal
glycine. The degree of immunological activity remaining, approximately
18% that of the intact molecule, may be accounted for by the remaining un-

digested polypeptide.

(b) After removal of the N- terminal residue

After one cycle of the Edman's degradation reaction and the removal of the
N- terminal phenylalanine only 18% of the original immunological activity
remained. This decrease in immunoreactivity may be due to the loss of the

aromatic N~ terminal.



-138-

»,,3:-—‘—_—77>7 —— — - - - ——
i .
1

[
i |
|

f
?]' |

. {» '
J 1004 3

; |
i - j
l !
il :
i
1 80 -

I |
| !
I T '
f' f
| 60 - y
" o '
I Qo :
- x J i
! o ‘
)I ﬂ}m
% 40 4
i
i )
;‘ 1~ X Motilin Standards
{ @ Products of CNBr Cleavage
2 ° " v Tryptic Digestion
} 204 A " « Chymotryptic Digestion X\

, x
!

[ 1
' 0
t T T T T T T |
_1. (0] 12.5 25 50 100 200 400 1000
i pg Motilin
I
H
1¢:

‘u
f

Figs 41 ‘Standard curve.to motilin showing. comparative immunoreactivities

withvthe“productSfof'tryptig:gpdthymotryptic digestion of motilin,

or cleavage with cyanogen bromide.
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(c) ‘Acylation ~.acetylation :

'Treatment of . the~molecule w1th.acet1c anhydrlde resulted’ in atetylation of

the lysine res1dues, the acyl derivatives hav1ng no charge, and loss of 50%

of the 1mmunoreact1v1ty.-

'(d) " Acylation - 'succinylation

Acyl derivatives obtained after treatment of motilin with succinic an-
hydride bear unit negative charge and have only 507 of the immunoreactivity

of the original molecule.

B. Biological comparison

(1) Synthetic motilin

Comparison of the biological activity of the synthetic and natural poly-
peptides was achieved by matching the increase in fundie¢ pouch motor activity
in the chronic dog preparation proddced by single intravenous injections

of l'ﬁg or Z-ﬁg of natural motilin with injections of the test material.

No significant difference in the'BiOlogidal activity”of MoC1 (13- norlencine -
motilin) or natural motilin could be detected (Fig; 42 and Table XXIV). No
biological activity was observed after injections of the motilin fragments
9-22 or 13-22, even in doses equivalent to 10 times that of the natural

peptide, on an equimolar basis.

(EI) Fragments of natural motilin

The mixture of peptides- produced by tryptlc digestion were biologically

inactive in doses equlmolar with 10 pg natural motllln.
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TABLE XX

v

Comparison of biological activities of natural and synthetic motilin

%
.Dog 1ID. Motility Index
2pg dose lpg dose
Natural Synthetic Natural Synthetic
motilin motilin motilin ' motilin
Polly 161.4 147.3 50.8 47.3
Abraham 178.2 168.7 59.1 76.5
X 169.8 158.0 59.1 61.9
e 8.4 10.7 8.3 14.6

* represents a 10 min period
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Fig;A42.i .Comparison :of blologlcal activitles of’ synthetlc 12~norleuﬂmot111n and

‘natural. porclnejmotllln, “assayed by measuring.the. 1ncrease in  fundic
pouch motor activity after bolus injections of'l or 2 Hg of ‘each peptlde
" Each pair of results represents.the mean T SE of 4 experiments in 2

dogs. (Dryburgh and Brown (1975). Gastroenterology 68: 1169-1176).
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(III) .Modifications of" naturaljmotllln ‘

Ca) Removal of . the C- termlnal re31due(s)

There ‘was no. loss in blologlcal actrvity observed after the release of

- 80% of the glutamlne resldues and 30% of the glyc1ne re31dues.

(b) Removal of the N~ terminal residue

Comparable increases in fundic pouch motor actiyity were produced by 1 g
intact motilin and 10pg motilin 2 - 22, i.e., removal of phenylalanine
or the net loss of positive Charges"onAthe lysine residues reduced the

activity by 907%.

(e) Acetylation

The biological activity was reduced by 90% after the net loss of positive

charge in the acyl derivative.

(d) Succinylation

The biological activity of motilin was almost completely destroyed, i,e.,
to less than 5%, in the acyl derivative bearing negatively charged succinyl

~ groups.

The comparative immunological and biological activitiesi@f:the'ﬁatural and

synthetic peptides are summarized in Table XXV.
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TABLE XXV
Comparison of the immunological and biological activities of synthetic

and natural motilin fragmente and analogues

Material % Immunological activity %Z Biological activity
MoB1 v 50 90 - 100
MoB? 10 Not tested
MoC1 100 100
MOCQIfH o 0 Not tested
Motilin 9 - 22 0 0
Motilin 13 - 22 0 _ 0
CNBr. motilin 30 Not tested
Tryptic digest 0 0
Chymbtryptié digest ' 0 0
After C-terminal removal 18 100
_After N-terminal removal 18 10
Acetylated derivative 50 10

Succinylated derivative 50 5
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AFFINITY CHROMATOGRAPHY

A. . Application to RIA

(1) Motilin

(a) Antiserum dilution and:change in acétivity

125 1. motilin

Serial dilutions of thé'éoﬁpléd'liéénd'wéré'i?cﬁbated with
in a total volume of l.0~ml; for 48 héﬁrs at 4°C. All othérﬂvariablesvwere
identical to those of the'roﬁtiné RIA; 'The”tﬁbes’wéré centyifuged at 2800
rpm for'BOVmin:; the'SupernaténtS'discarded'and the'pellets“counted} The
antiserum dilution‘éﬁrve'(coupled‘ligand) is sﬁoWnlin Fig. 43 in comparison
with an antiserum dilﬁtioﬁ cﬁrvé‘(ﬁhcoupled ligand) obtained under identical

conditions in a routine RIA, There was no significant loss in activity

produced by coupling the antibody to a solid matrix.

(b) RIA standard curves and change in sensitivity

Motilin standards over the range 12.5 - 400 pg were incubated With‘125 1~

motilin and equivalent final dilutions of coupled or uncoupled antisera as
follows:-

(1) ~ routine RTA conditions, including uncoupled antiserum and usual
charcoal separation;

(ii) at 1.0 ml incubation volume, with coupled antiserum;
(iii) at 0.3 ml incubation volume, with coupled antiserum; -

(iv) at 0.3 ml incubation volume, with coupled antiserum, in
siliconized tubes.,

The standard curves obtained (Fig.44) were judged by the slope at zero
dose (calculated as shown in Fig. 45 and Table XXVII) and L.D.D. The greatest
sensitivity was established when coupled antiserum was incubated with radio-

active tracer in a total wvolume of 0.3 ml, in non-siliconized tubes (Table

XXVI).
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Fig. 43 Comparison of dilqtiqﬁicuryes}obtained'With antiserum. to motilin,

- .performed on aliquots-taken .before and after couplingof the anti-

.serum- to  CNBr-activated Sepharose 4B.:
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TABLE XXVI

Coupled versus uncoupled antisera to motilin at varying incubation volumes

Standard curve "Criteria for Evaluation
Slope at Zero Dose Midrange L.D.D.
a. 4.5x10_13l/mole 88 pg 25 pg
b. 2.5x10‘131/m01e 320 pg 25 pg
c. 7.5x10"31 /mole 120 pg 12.5 pg
d. 5.5x10'131/m01e 150 pg 25 pg .
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Fig. 44 . Comparison of the'standard.curves obtained with antiserum to motilin
‘undex routine assay conditions-or afterf.coupling to Sepharose 4B, at

yarious: incubation volumes;fin'silicbﬁized”or.nonésilicbﬁizedltubes;
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TABLE XXVII

Calculation of the slope at zero dose.

CURVE  STD  CONC in moles  BOUND B/F B x CONC SLOPE AT
in pg (x 10—15 (%) (x 10_15) (L/mole)
0 1.3 0.315  0.46 0.42
a 12.5 5.9 0.309  0.40 1.8
25.0 10.5 0.267  0.36 2.6
50.0 19.8 0.223  0.28 4. 4.5 x 10713
0 1.3 0.309  0.44 0.40
b 12.5 5.9 0.305  0.43 .8
25.0 10.5 10.284 . 0.39
50.0 19.8 0.251  0.33 4.9 2.5 x 10713
0 1.3 0.448  0.81 0.58
¢ 12.5 5.9 0.398  0.66 .3
25.0 10.5 " 0.359 0.56 3.
50.0 19.8 0.298 0.42 5.9 7.5 x 10753
| 0 .3 0.428  0.74 .55
d 12.5 .9 0.402  0.67 2.
25.0 10.5 0.367  0.57 3.8
50.0 19.8 0.323  0.44 6.4 5.5 x 10753
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Fig. 45

Standard“curves,“from'Eig{:44,ipres§ntéd'as:Scatchard,plots,

-~demonstrating.the:slope:at zero dose..
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11 Gastric inhibitory polypeptide

a. Antiserum dilution and change in activity

Comparison of the antiserum dilution.. curves obtained with coupled and
uncoupled antisera to GIP after incubation with 125 I- GIP under routine
RIA conditions is shown in Fig. 46, Coupling of GIP antiserum to a solid

matrix resulted in a recovery of only 107 (approximately) of the anti-

body activity.

b. RIA standard curves and change in sensitivity

Standard GIP in the range 12.5 - 400 pg was incubated with different final
dilutions of coupled and uncoupled antisera, to give approximately the

same maximum binding. Not only did the coupled antiserum have to be used

at a much lesser dilution but it also produced a less sensitive assay curve,
with a midrange value of 340 pg and LDD ¢f 50 pg compared to values of 170 pg
and 25 pg respectively obtained with the same dntiserum when used uncoupled,

(Fig. 47).
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(1) Purifiecation of “2° I Motilin

A column-ofiactiveted'Sephstpse'ﬁﬁg.eoupledltofuotiliu aﬁtiéerﬁﬁ; vas ‘pre-
pared in a Pasteur pipette, the Bed‘volume being 1.0 ml The'gel was well
equilibrated in O 04M sodium phosphate Buffer, pH 6 5. A lyophilized sample
of 1abe11ed‘mot111n, containlng 2-x 106 ¢cpm (estimated to contain 4 ng

IRr motilin from the 1abel specific activ1ty) was applied in O 5 ml of the
equilibrating Buffer and the column developed in this buffer until no further
counts were eluted: That portion of the'125 T- motilin which had been bound
to the gel was eluted with OIZM'scetic'scid: One ml fractions were collected
throughout and the columm'profile in Ti§:'48 obtained by plotting cpm/fraction
against ml of eluant:

Eighty percent of the initially applied cpm remained bound to the gel until
the pH of the eluting buffer was lowered to 2.4, when 78% of that bound material
was eluted. The remaining 227 was distributed between the gel and the glass

wool at the bottom of the columm.

An aliquot of this same radioactive tracer was treated with coupled Sepharose
4B in a batchwise manner, as follows:-. 2%106;cpm 125 I- motilin was diluted
in 5.0 mls 0.04M phosphate buffer, pH 6.5 and miued with 1.0 ml Sepharose
slurry, equilibrated in the phosphate buffer, for 18 hours at 4°C. The super-
nate was discarded and the gel washed with 5%5 ml phosphate buffer, i.e.,

until the counts in the wash were negligible. The gel was resuspended in 5 mls

0.2M acetic acid and mixed, by rotation, for 1 hour. The supernate was

diluted in assay diluent Buffer'tq give ~ 5000 cpm/100 ul. An aliquot of
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Fig. 48 Column profile obtained after elution of 12?I€?moti;in5 adsorbed
. ,tc')':‘Sepharloaé_t_l;B;_.Yrith' 0.04M phosphate; pH 65 and..0.2M acetic
‘acid, pH 2.4.. ‘One'ml samples were collected and counted for 1

- min in an automaticily counter.
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untreated'125”14 motilin wa§ similarily diluted to produce the Same.concen-

tration and standard curves were prepared with both labels.

The non-specific binding of the untreated 1abel'was'18;9%B; tﬁét_of the
treated portion was 10;62; This improvement was due to the removal of
free iodine and damagea; iodiﬁated“but,non—immunoreactiﬁe fragments. There
was no significant difference in the curves produced (see Fig. 49), the

iodinated motilin appeared unaffected by its passage through the gel.

(I1) Extraction of motilin addéd to plasma

Natural percine motilin was diluted in charcoaléektracted plasma to a
concentration of 4 ng/100 ﬁl. When 4 ng was applied to a column of Sepharose
4B and the columm develéped as previously de;cribed, RIA was used to monitor
the recovery of motilin. The column profi}e, in Fig. 50, is a plot of pg/ml
IR~ motilin against ml eluant. Initially 83% of the motilin was bound to

the gel and 100% of that amount was recovered.

(II1) Extraction of endogeénous motilin from sSerum

Two mls serum (subject R.K.), which contained 680 pg IR- motilin/ml was

subjected to affinity chromatography as in II.

Virtually 100% of the applied motilin was bound to the gel and then recovered

by elution with a lower pH buffer (Fig. 51).
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(IV)  TIsolation of motilin from presekretin

'Presekretin; a sidé'fractioﬁ'producedbduring.the}purificatiOn of.sécretin;
is the starting material in the'isslétion~of motilin (Brown et al;'l971);
The original purification’procédﬁre involved 5 stages: of column chromato-=-
~ graphy, was monitored in fhe~chr0nic doé bﬁoassay and resulted in produc-
tion of an active moiety representiné 0:5—1:0%-of the starting material by

weight.

Two ﬁg Presekretin, estimated to contain 4 ng IR- motilin, was dissolved
in 0.04M phosphate buffer, pH 6.5 and treated as previously described.
The IR- motilin content was 90% recovered and' the yield represented a 5%

recovery of the starting material by weight, (Fig. 52).

" EFFECTS OF MOTILIN ON THE RATE OF GASTRIC EMPTYING

It was desirable to perform the .studies on the rate of gastric emptying
during'a relatively constant background of circulating motilin. Pilot
studies indicated that IR- motiliq levels reached a plateau within 20 mins. '
of the start of the infusion and thérefore measurements of.the rate of

gastric emptying were performed in the last 10 mins. of a 30 mins. infusion

(Fig. 53).
‘A. Control studies in the gastric fistula dog
(1) Effect of motilin on the rate of gastric emptying of liquids

Motilin infusions in the range 0.125 - 2.0vﬁgykg/hour'accelerated the rate.

>f emptying of the test liquid in a dose-related manner. The basal rate (C)
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was . measured.during the infusion:of 0.15M saline; (Fig. 54).

The lowest ;effective dose“was O,ZS'ﬁg/kg/hour motilin (p<0.001) and the

- maximum effect was achieved at 0.5 ﬁg/kg/hour,moti1in.

(II) Effect of motilin on the rate.of gastric emptying of .solids

The fraction of the solid meal remaining in the stomach 15,30;;60, 90 and
120 mins -after itss ingestion was virtually the same whether the infusion

was l.O_ﬁg/kg/hour motilin or 0.15M galine (Fig. :55),

B.. . Effects of motilin on.the rate of gastric emptying of 1iquids after
truncal vagotomy.and/eor antrectomy :

a9 Effect of motilin after truncal vagotomy e

'The dose of motilin producing the'maéimum'effect'in the control dogs,

0.5 ﬂg/kg/hour, was ineffective after vagotomy. The doses.of 1.0 and 2.0
Vﬁg/kg/hour, however, did produce a significant increase in the fraction of
the liquid meal emptied from the stomach. The effect of vagotomy, therefore,

was to decrease the sensitivity of the response to motilin.

The basal rate of gastric emptying, measured during saline infusion, . was

significantly lower in the vagotomized animal - as shown.in Fig. 56.

1n Effect of motilin after antrectomy"

There was no difference in the response to 0.25, 1.0 and 2.0_ﬁg/kg/hour

‘motilin in the control and post-antrectomy dogs. There was an, as yet, in-
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explicable, but significantcdecreaée'in.thefrate“Of gastric emptying . at

0.5‘ﬁg[kglhour.motilin'in.thefantrectaﬂized'animal,.asvshdwn'iﬁ Fig. :57.
The basal rates were not altered by removal of the antrum.

The basal rate of gastric emptying was significantly increased in the vago-

tomized, antrectomized animal, compared to that in the control animal.

There was a significant increase in the rate of gastric emptying of the
liquid meal after 0.5 and 1.0'ﬁg/kg/hour motilin (P< 0.01). This was less
significant, however, than the increase in the control animals. (P <0.001) -

(Fig. 58)

MODIFICATIONS TO GIP RADIOIMMUNOASSAY"

A. Antisera to GIP

All animals received at least 3 immunizations with SO_ﬁg porcine GIP,

conjugated to BSA and emulsified with FCA. After 6 months, 10% of the animals

were producing antisera usable at titres of 1:20x103. The affinity constants

(K) of the best guinea pig (Van 8) and best rabbit (Go .5) were-7.5$§1014 and

1.0x101° 1./mole respectively.

Rabbit antiserum Ro7 demonstrated a maximum binding of >30% at a titre of

3

1:30x10” but the displacement of label by standard antigen was uﬁsatisfactory

- after an incubation of the equilibrium type. When this antiserum was incubated
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with:Cold.antigenlfor224Lhours:Prior.to;theladdition'of I— GIP, and’

. for another 48 hours after the" label addition a satlsfactory standard curve

was obtalned ‘the antiserum- affrnity constant’ (K) be1ng 2. 5x101 1/mole,-:

Fig.. 59 1llustrates the 1mprovement obtained when Ro7 Wwas- incubated in a
dlsequillbrlum assay" system. In contrast;-assays containing Van 8 showed
no significant differénCe when incubated ﬁnder'either equilibrium or dis-

equilibrium conditions: -

/

B. Iodination of GIP

The specific activity of the’125 I- GIP, purified by gel filtration was

only 70 mCi/mg. After further purification by ion exchange chromatography
on QAE Sephadex A-25 the specific activity was greatly improved, the value
being . 250 mCi/mg. A comparison of the standard curves obtained with the

label at each stage is shown in Fig. 60.

EFFECT OF SOMATOSTATIN ON THE CANINE RESPONSE TO GIP

A. Effect of somatostatin on the release of endogehous GIP

(1) On_the insulinotropic action of GIP released by oral glucose

These studies were performed in the intact, conscious dog. . Somatostatin
was administered intravenously either as a single rapid injection (3 yg/kg)
1mmed1ately prior to the oral administration of glucose, or as an infusion

of 6 pg/kg over 1 hour, the glucose load. being given after 30 mins. The

~ glucose load in either*case'Was_lg/kg*of"ZOZ'dextrose in distilled water and

was administered alone in control studies,
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After the single bolus injection of somatostatin, the fasting levels of
serum glucose, IR~ GIP and IR- insulin were inhibited and the respomnse to
the oral glucose was delayed. There was a significant reduction from the
control values of all parameters at 15 mins. (IR-GIP, P\ <0.0025; IR-

insulin P. <0.0005, glucose, p. <0.0005), (Fig. 61, Table XXVIII).

When somatostatin was administered as an infusioﬁ,.the IR-GIP and IR-
insulin responses to oral glucose were suppressed until the infusion had
ended at 60 mins. when the IR‘insulin response rebounded to values signifi-
cantly above the control. The delayed elevation of the serum glucose levels
was similar to that seen after the bolus injection of of somatostatin and
by 60 mins. there was no significant difference from the control values

(Fig. 62, Table XXIX).

(11) On the release of endogenous GIP by fat

The effect of a single, rapid intravenous injection of 3 ﬁg/kg somatostatin
in the IR-GIP response to ingestion of 100 mls Lipomul was compared with
.control studies when fat alone was administered; The IR-GIP response after
somatostatin was found to be delayed and reduced (P . <0.05) after somato-
statin and then rebounded above the control values (as may be observed in

Fig. 63 and Table XXXT).

B. Effect of somatostatin on the response to exogeénous GIP

A comparison was drawn between the responses of IR insulin and serum glucose
to an intravenous infusion of 1.5 ug/kg porcine GIP over 5 mins, given with
and without a prior single, rapid, intravenous injection of 3 ug/kg somato-

statin. There was an 807 reduction in the peak IR insulin response to GIP



TABLE XXVIII
The effect of a single rapid i.v. injection of somatostatin on the incremental

IR-GIP, IRI and serum glucose response to oral glucose.

n=7 , ' Incremental Resﬁonse )

Time (mins) 5 10 15 20 25 30 45 60 75 90 105 120 135
Control.i 10.2 19.6 32.0 33.7 46.6 45,7 43.9 31.1 24.6 14.1 11.3 10.2 8.7
*SE} 4.5 5.4 4.8 4,2 8.7 5.8 4.6 4.3 4.0 3.9 3.3 2.8 3.7

Serum Glucose _
mg% Test X 7.6 3.8 5.9 11.9 24.4 24.8 36 39 36.1 25 22 14 10.3
*SE 2.9 4.9 6.4 5.6 5.8 6.2 11 8.2 5.7 5.2 7.1 5.3 3
Control-i 205 520 551 980 1063 909 1348 1188 910 673 .518 336 221
*SE 95 149 156 202 132 239 134 182 117 97 123 124 85

IR-GIP _
pg/ml Test X -192 -128 87 136 316 357 842 1314 1007 750 668 614 578
*+SE 120 101 148 134 210 172 367 295 298 241 1240 261 332
Controlli 22.8 54.6 68.7 63.0 72.8 62.6 42.5 36.4 20.4 8.2 1.3 -2.9 -2.7
*SE| 11.3 14.2 9.1 5.9 9.4 8.0 7.0 7.6 4.7 7.7 4.1 1.7 4.8

IRI :

uU/ml Test X -6.5 -=4.4 -0.5 7.5 39 " 58 59 49 37.4 25.2 5.5 2.3 1.4
' +SE 2.4 2.8 6.8 5.2 12 9.2 13 16 12 10.5 4,9 5.3 2.4
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Figs 61 . The effect of an . intravenous injection of 3 pg/kg somatostatin
‘on.the incremental ‘IR~GIP, IR~ insulin and_.serﬁm:: glﬁcQSé‘._j;esRonses-
-to the ingestion of tl;gf;Lﬁc'o.se_t.'.' (1..g/kg) (Pederson et “aly Can J.
: PbySiol, Pharmacol/ 53%-1200~1205, 1975)



TABLE XXIX

The effect of a 1 hr infusion of sbmatostatin on the incremental IR-GIP, IRI and serum giucose response to oral glucose.
n Incremen!_:al response (A)
Time (mins) 20 25 30 35 40 60 75 90 105 120 135 150 165 180
Controli 3.7 46.0 5.7 43. 31.1 4.7 4.1 1.3 10.2 8.7 5.7 6.4 6.3
*SE 4.2 8.7 5.8 4. 4.3 4.0 3.9 3.3 2.8 3.7 3.3 3.5 4,1
Serum glucose _ o
mg% Test X 0.5 4.6 3.0 5.0 0.2 25 43 27 29 5.4 32.3 21.5 20 1l.4
*SE 2.6 5.0 3.4 3.9 1.7 6 6.8 5.2 5.5 5.4 4.7 7.9 6.3 2.1
Control X 980 1063 909 1348 1188 910 673 518, 336 221 60 143 115
ISE 202 132 238 182 117 97 123 124 85 75 121 74
IR-GIP , _ :
pg/ml Test X 176 802 752 684 763 886 750 500 324
+SE 58 200 183 156 210 212 143 200 136
Controli 63.0 72.8 62.6 42.5 36.4 0.4 8.2 1.3 -2.9 -2.7 <=5.4 5.0 2.7
SE 5.9 9.4 8.0 ‘7.6 4.7 7.7 4.1 1.7 4.8 4.2 4.8 5.1
IRI ) :
uu/ml Test X -9.6 -10 6.5 -6.8 -6.6 =5, -1.8 119.8 3.2 3.5 4.6 17 10.2 7.1 8.3
: *SE 3.7 3.3 3.6 3.6 3.1 4.7 © 13 8.4 9.2 7.6 5.6 4.7 5 6

-GLI-
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TABLE XXX

Effect of a single rapid i.v. injection of somatostatin on the incremental IR-GIP, IRI and serum glucose response to oral fat.

Incremental Response (A)

Time (mins) - 5 10 15 25 30 35 60 75 90 105 120 135 150 165 180
X 3.8 3.6 5.8 3.7 3.7 7.5 8.3 6.5 7.5 4.3 5.5 7.5
15 1.3 3.1 3.3 2.0 2.6 3.6 2.5 4.0 4.4 4.6 3.6 3.4
Serum glucose _ ’ .
mg X 0 0.4 5.0 3.3 4.2 3.9 £0 3.0 1.9 1.8 -0.3 2.0 0 0.2 3.4 3.0 4.8
#SE (1.2 1.9 1.9 1.3 1.4 4.2 1.3 1.8 1.5 0.7 1.4 2.0 © 1.5 1.1 1.2 2.2 3.7
X 674 © 1210 2641 2696 3083 3035 3325 3270 3548 3526 2704
+SE 174 274 497 560 614 612 605 635 . 782 707 565
IR;ﬁP X 29 12 30 -10 242 210 946 1235 1585 1492 1642 1435 1903 1721 1964
Pg +SE 43 30 35 46 154 140 257 323 122 103 215 221 414 416 322
% -1.0 0.83 0.3 4.1 5.6 6.5 9.5 3.1 3.9 3.6 5.0 4.5
+SE 0.45 1.6 1.6 2.9 1.8 3.1 3.8 0.9 1.9 1.2 2.2 0.8
IRI
U/ml X -6 -9 =5 -3 -2 -1.3 4.2 9.3 17.6 12.8 5.8 8.3 7.8 5.6 1.6 8.8
+SE | 2.8 1.8 2.0 3.0 2.9 2.8 4.3 4.6 3.4 5.4 2.7 2.6 2.3 2.5 1.9 7.0

~LLTI-
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after somatostatin, with a concomitant and significant (P\ <0.01) reduction

in the depression of the serum glucose values (Fig. 64, Table XXXI).

RELATIONSHIP BETWEEN.GIP AND GASTRIC ACID SECRETION

A. Effect of exogenous GIP on gastric acid secretion

The effect of a 60 min. intravenous infusion of 1.0 ﬂg/kg/hour porcine GIP

on a gastric acid plateau stimulated by pentagastrin (2.0 - 4.0 pg/kg/hour)
in 9 experiments in 3 dogs is illustrated in Fig. 65 and Table XXXIII. A 60%
inhibition of gastric acid secretion was observed in the second half of the
GIP infusion, associated with IR-GIP levels in the range 1200-1400 pg/ml
above the control value. During the post-infusion period, .the IR-GIP
gradually declined back toward the pre-infusion values and the H+ output
retarned toward the control plateau levels., Control experiments were per-.

formed in 3 dogs which received pentagastrin only (Table XXXII). :

B. Effect of endogenous GIP on gastric acid secretion

(I) After an intraduodenal infusion of fat

A triglyceride emulsion (Lipomul) was infused intraduodenally at 1.91 ml/min.
over 30 mins. after a plateau of gastric acid secretion had been achieved by
intravenous infusion of pentagastrin in 3 experiments in each of 3 dogs. The
resultsH(Fig. 66 and Table XXXIV) showed that a marked increase in IR-GIP
occurred to levels of 800 - 1000 pg/ml aboveythe pre-infusion levels, co-incident
with a 687 inhibition of gastric acid secretion. During the post-infusion

period both IR-GIP and H+ values returned toward the control levels.



TABLE XXXT

Effect of a single rapid i.v. injection of somatostatin on the incremental

IRI and serum glucose response to 1.v. porcine GIP.

n =4 Incremental Response (A)

Time (mins) 3 4 7 10 15 20 25 30 45

control X 0.6 -3.6 =-1.6 =5.0 =-8.4 =-9.8 =6.8 =~4.2 =-0.2 2.6

. +SE 1.5 3.3 1.4 2.4 3.1 7.3 7.7 2.5 3.7 1.3

Serum glucose -

mg% Test X 3.7 4.7 2.2 1.5 0.25 1.7 ~1.25 ~1.25 3.0 4.7

f *SE 1.8 1.3 1.7 1.8 1.7 1.4 2.4 .3 1.5 . 3.9

X 25.4 25.4 °30.0 16.4 9.4 1.4 -3.8 -2.6 =2.2 -1.4

- Control op  l11.9 6.4 6.9 3.3 2.1 1.3 1.4 1.1 1.2 2.1
IRI _ : o
uU/ml Test X ~1.25 =1.75 5 15 5.8 <1.7  -2.0 1.0 . 1.25 1.25 gg
*SE 1.3 1 3.7 2.2 1.7 4.4 0. 3.1 1.0 1 I
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Fig. 64 . .

The " effect of an. 1ntra:venous injection of 3 }Jg/kg somatostatln on:

:the 1ncremental IR« :Lnsulln and-serum glucose responses to an
“intrayenous lnfusion of 1 jig/kg porcine GIP oyer 5 min.. .
-(Pederson et al, Can.'J. Physiol. Pharmacol. 53:1200-1205, 1975).



TABLE XXXII

Effect of a continuous infusion of pentagastrin on H+  output

of an extrinsically denervated fundic pouch.
INTRAVENOUS PENTAGASTRIN INFUSION
Expt. #
’ Ol O2 ' 03 15 30 45 60 75 920 105 120

Ma 161 149 140 220 198 208 261 202 213 198 201 é
' v

Di 330 326 310 264 238 235 280 274 264 251 283

Be 1720 1705 1669 1647 1324 1307 1120 1205 1409 1460 1103

1. UEq H+/15 min.



TABLE XXXTTII

+ 2
Effect of an intravenous infusion of porcine GIPl on pentagastrin-stimulated H output™.

CONTROL : ’ Intravenous Porcine GIP Infusion Post Infusion Period
Experiment \
it 0l 02 03 -5 10 15 20 25 30 45 60 75 90 105 120
Ma 1 H+ 329 374 314 : 137 106 97 = 120 103 145 193 143
IR-GIP3 340 400 320 800 1475 1500 1650 1675 1750 1325 1225 1425 1050 920
Ma 2 H+ 378 389 297 : 217. 89 124 216 235 233 228
IR-GIP 380 320 420 210 620 780 950 1300 1050 1750 450 700 230 220
Ma 3 H+ 269 288 245 195 75 60 48 40 84 128 171
IR-GIP 125 125 125 370 440 310 1500 1450 1300 1500 1050 1600 "140 130 130
Be 1’ H+ 292 351 313 248 102 158 79 162 149 283
IR~-GIP 280 230 430 320 500 540 1200 1150 1200 1700 1150 430 310 400
Be 2 H+ 235 205 205 124 ’ 85 123 90 61 117 159 165
IR~-GIP ~ } 125 125 125 440 1350 1500 1850 1800 1750 2600 2400 1550 570 550 580
Be 3 BC 275 237 259 | 202 130 © . 151 99 102 156 186 197
IR-GIP 125 125 125 125 460 840 1450 1900 1400 1900 2400 700 300 350 480
Di 1 H+ 252 224 225 : 197 153 146 109 84 155 166 199
IR-GIP 200 150 125 140 700 830 1200 1700 1450 1900 1700 1800 1050 620 320 _
Di 2 H+ 300 °© 329 292 ‘ 236 <184 - 134 124 163 171 234 200
IR-GIP 125 125 125 125 470 720 650 1000 1620 2000 1450 1750 1200 650 270
1.

1 ug/kg/hr GIP over 60 min.
2. MEq. H'/15 min.
3. IR-GIP in pg/ml.

—€81-
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IV. Porcine GIP

v
Pentagastrin Infusion
\ / - v
1.2 5

v

HY Output as a Ratio of the Mean of 3 Control Periods
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Fig. 65 ,,Thefincremental'IR4GIE.response'and‘inhibition-of pentagastrin-
“induced gastrlc ac1d secretion ‘caused by an lntrayenous 1nfu31on
of l'yg/kg/hour porcine  GIP.. ‘The. restlts: represent thé mean T

'SE"of 8 experiments in 3- dogs.



TABLE XXXIV

Effect of duodenal infusion of fat on pentagas:rin-stimulated H+ output2 and IR-GIP3 release.

CONTROL: Duodenal Far: Infusion Post Infusion Period
Experiment -
# 0 0, 04 5 10 15 20 25 30 45 60 75 90 105 120
a1 ut 499 528 533 358 342 167 162 420 486 416 440
IR-GIP 125 600 300 820 : 720 1650 1175 1050 440 660 385
a2 ut 270 234 218 50 82 25 116 125 168 245 282
IR-GIP 520 420 500 | 520 920 730 690 1025
e 3 ut 555 508 518 78 157 40 25 80 155 178 185
! IR-GIP 130 220 330 200 460 470 610 690 840 420 1125 1875 1425 1200 900
B 1 ut 176 162 128 220 150 98 68 145 86 230 209
IR-GIP 150 190 120 500 - - 800 | 1550 1550 . 1650 1550 700 500
5o 2 ut 220 230 250 275 ' 162 70 117 146 160 192 335
IR-GIP * | 910 1000 800 360 840 1700 1450 1250 1150 1000 860
Be 3 ut 298 273 297 185 186 |. 166 216 249 201 278 286
IR-GIP 650 710 600 620 860 1250 1450 1500 1600 1750 1900 1350 930 700 360
i 1 ut 127 110 156 168 - 71 21 70 172 177 210
IR-GIP 180 125 500 700 590 1600 1500 1750 1800 1400 1350 - 1250 1350 1350 1330
i 2 gt 262 250 299 340 . 65 46 74 68 210 245 198
i IR-GIP 125 125 125 125 125 550 970 1550 1350 680 580 400 340 170 125

1. 100 mls Lipomul over 30 min.
LEq H¥/15 min.
3. IR-GIP in pg/ml.

N
.

-G81-
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(I1) After an intraduodenal infusion of glucose

A 30 min. duodenal infusion of 1.0g/kg 20% dextrose was performed when a
plateau of gastric acid secretion had been achieved by.pentagastrin ad-
ministration. The H+ output was reduced to 52% of the pre-infusion plateau
levels with a concomitant increment in IR-GIP of 400 - 600 pg/ml. Each
point represents the mean of 9 experiments in 3 dogs (Fig. 67,'Tab1e XXXV).

C. Effect of ‘an intraduodenal infusion of acid on gastric acid secretion

A duodenal infusion of 1.91 ml/min 0.15M hydrochloric acid¢over 30 min.
inhibited the H+ output stimulated by pentagastrin.to 48% of the pre-
infusion levels. This reduction in the acid secretion was not accompanied
by any.significant change in IR-GIP, in 4 experiments in 2 dogs (Fig. 68,

Table XXXVI).

................................

In 7 experiments in 3 dogs, a duodenal infusion of 0.9% saline at 1.91 ml/
" min. over 30 min. resulted in a small (27%) hon—significant, inhibition of
+ .

H output, preceded by a slight, transient increase in IR-GIP (Fig. 69,

Table XXXVII).

These results are summarized in Fig. -70, which compares the maximum in-

hibition of gastric acid achieved with the concomitant circulating level of IR-GIP,



TABLE XXXV

Effect of duodenal infusion of glucosel on pentagastrin-stimulated H+ output2 and IR-GIP release3.

CONTROL Duodenal Glucose Infusion Post Infusion Period
Experiment
i# 01 0, 03 5 10 15 20 25 30 45 60 75 90 105 120
Ma 1 H+ 203 202 182 82 . 42 33 55 197 107 163
IR~GIP 125 125 125 125 125 1020 460 500 300 680 235 145 150 430
Ma 2 H+ 329 374 314 . 137 - ' 106 97 120 249 148 193 243
IR-GIP 340 400 320 - 800" 1475 1500 1650 1675 1750 1325 1225 1425 1020 920 -
Be 1 H+ 298 273 297 185 186 166 216 163 201 278 286
IR-GIP 480 460 440 370 320 690 340 930 740 740 1150 1350 125 370 275
' Be 2 H+ 145 156 124 119 167 . 90 130 217 172
IR-GIP 125 125 125 125 125 625 380. 415 250 260 125 . 145 125
Be 3 H+ 394 314 355 310 ) 150 190 193 196 236 - 234
IR-GIP | 125 125 125 125 125 725 490 330 420 240 125 125 125 - 125
Di 1 H+ 277 270 260 161 199 . 243 208 186 235 229 - 287
IR-GIP 350 340 220 140 340 480 480 650 1400 750 340 280 240 125 125
Di 2 H+ 326 272 298 232 232 202 112 103 206 143 135
IR-GIP 125 125 125 125 -170 200 680 820 600 540 190 125 125 160 125

-831-

1. 20% dextrose - 1 g/kg over 30 min.
2. \UEq Ht/15 min.
3. IR-GIP in pg/ml.
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TABLE XXXVI

Effect of a duodenal infusion of acidl on pentagastrin-stimulated H+ oux:put:2 and IR-GIP releasez.

CONTROL Duodenal Acid Infusion Post Infusion Period .
" Experiment - -

i# 01 62 03 5 10 15 20 25 30 45 60 75 90 105 120
Be 1 H+ 2626 2608 2522 2060 1823 1944 1735 2013 2112 2257 2070
IR-GIP 500 315 310 315 . 290 400 335 150 150 490 255

Be 2 H+ 2714 2831 2760 ) 2173 1714 1802 1691 1990 2431 2461 2406
i IR~GIP 390 310 250 200 250 200 360 225 150 200 200
Ro 1 H+ 1534 1800 1746 1100 918 1120 1299 1415 1508 1368 1573
IR-GIP 760 840 835 700 850 720 730 590 1100 1160 920

Ro 2 H+ 1780 1750 1830 1210 : 942 1100 1198 1460 1490 1600 1570
IR-GIP 350 410 300 300 260 280 240 200 300 265 280

-061-

1. 0.15M HC1 at 1.91 ml/min for 30 min.
2. In pEq H*/15 min.

3. In pg/ml IR-GIP. ' -
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1
Effect of a duodenal infusion of saline” on pentagastrin-stimulated H+ output2

TABLE XXXVII

and IR-GIP releaseS.

CONTROL Duodenal Infusion of Saline Post Infusion Period
Expt. #
0y 0y 03 5 10 15 20 25 30 45 60 . 75 90 105 120
Ma 1 b 326 294 250 180" 220 164 129 135 128 184 220
IR-GIP 270 260 260 140 370 330 250 240 190 170 300
Ma 2 gt 216 257 182 136 129 105 142 170 260 264 251
IR-GIP - 530 240 330 280 440 1150 670 630 360 340 410
Ma 3 gt £ 275 256 249 195 134 159 232 216 280 168 141
IR-GIP @ 350 330 370 380 300 340 320 320 - - -
Be 1 wt o143 178 223 297 200 118 184 233 189 215 198
IR-GIP 125 125 125 125 125 125 125 125 125 125 125
+ )
Be 2 H 256 242 264 222 192 198 133 169 121 159 168
IR-GIP 125 125 125 125 125 125 125 125 125 125 125
pi 1 ut 294 292 239 250 266 206 199 142 205 108 -
IR-GIP ~ 315 130 380 125 1100 125 125 125 125 125 125
DL 2 " 275 256 249 195 134 159 232 216 280 168 141
IR-GIP , 250 280 220 135 125 125 150 210 210 125 125
1. 0.15M saline, 100 mls over 30 min.
2. in uEq H*/15 min.
3. IR-GIP in pg/ml.

-

-¢61-
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after intraduodenal infusion with"fat;:glucose and acid or. intravenous in--

‘fusion of porcine GIP.

STUDIES ON THE POSSIBLE HETEROGENEITY OF GIP

A. In serum

(1) Immunoreactivity of GIP released by glucose or fat

Serum samples were obtained from the same human subject (JRD) either 45
min. after inges;ion of 100 ml 20% deétrose or 90 min. after ingestion of
100 ml of the triglyceride emulsion, Lipomul, representing the initial peak
response of IR~ GIP to either'stimulusl They were serially diluted in

diluent buffer and monitored by RIA.

Neither of the serum dilution curves showed any significant difference
from tﬁe standard curve obtained by diluting pure porcine GIP. The anti—-
serum used in the rautineiRIA did ﬁof,'tﬁgféféfe,‘differentiate-betweén the
GIP relé%sed by glucoé; or fat given oraliy, as shown in Fig. 71. -

(1) Immunoreactivity of GIP after column cliromatography

The apparent immunoreactive homogeneity- of - the GIP'releaseq by glucose or

fat was- furtheér -examined by.chromatography of 2 ml aliquots of these same

serum samples on a 1x200 cm column of-SephadeX‘GSO fine in 0.2M acetic

acid. The column.was calibrated prior to each run with dextran-blue and

125'1— GIP ( ~ 60,000 cpm) in 2 mls charcoal-extracted plasma and the con-

ductivity monitored’to:detérmine'the'position of the salt peak. One ml
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Fig. 71 . A comparisoen of the immunoreactiyities of porcine GIP:and .the
'IR-GIP in human'sera aftexr'the:ingestion -of glucoseor Lipomul.:

" (Brown et al, Rec. Prog. Horm:Res.:31-% 487-532; 1975),
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fractions were collected and the IR-GIP content of each fraction measured

by RIA.

At least three immunoreactive regions were detectable after this treatment,

one eluting in the void volume of the column GIP :and a significant-

VO
immunoreactive component which eluted ahead of the GIP5000 arbitrarily named

PROGIP. These..three immunoreactive peaks were present in serum samples

after either glucose or fat stimulation (as shown in Fig. 72 and Fig. 73).

The relative proportions of each IR-GIP component were given by expressing
the area under each peak (approximately 1/2 height x width) as a percentage

of the total (Fig. 74, Table XXXVIII). -

TABLE XXXVIII

Proportions of IR-GIP components released by fat and glucose

After glucose- : After fat
stimulation ‘ stimulation
Total IR-GIP content 1400 pg/ml 2700 pg/ml
% Total as GIPVO 14.4 . 31.4
% Total as ProGIP . 35.3 40.8
% Total as GIP5000 50.3 27.8

These results indicated that there might be a difference in the GIP response
to glucose and fat, the major component of IR-GIP in the initial peak res-

ponse to glucose being GIP whilst that after fat was ProGIP.

5000
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(III) Immunoreactive forms 'of GIP released by oral fat or glucose

(a)  After oral fat -

Serum samples were Obtainéd“fromiboth.ﬁofmalghumaﬁzsﬁbjéétéfand”dogs.at
various timeiinterValstéétéfiingéstion,;fufat in.the form of 100 ml Lipomul.
After routine RIA of thééé'éamples'a‘2.ml-aliéuot;offéaCh.Was.chromatographed
~on SephadeéﬂGSO fine in O;ZMIaéetic’acid énd‘l ml fractions collected. The
| 125 125 ) 125

column was routinely calibrated with I- albumin, I~ GIP and I in

2 ml extracted plasma..

The results obtained after RIA of the column fractions are typified in Fig.
75 and Table XXXIX. In both species the proportion of the total IR- GIP
represented by the larger molecular fOrm'(PrpGIR)“indreased with increase in

time after the ‘ingestion of fat.

(L) After oral glucose

Sera from human subjects 45 min and 100 min. after oral administration of
100 ml 20% dektrose were eluted from Sephadeé G50 fine as previously des-.
cribed. The percentage of the total IR- GIPAekisting in the ProGIP form
increased with increase in time after the ingestion of glucose (Fig. 75 -

Tablée XXXIX).

These results indicate that the important factor in deteérmining the relative
‘proportions of the different forms of IR- GIP is the time of sampling the:

serum after the stimulus and not the nature of the stimulus itself.

' !

(IV)  TImmunoreéactive forms of GIP after its exogenous administration

Normal, fasted, dogs:were given intravenous infusions of 1.5 pg[kg/hour
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TABLE XXXIX
Change in relative proportions of IR-GIP components
with the time of serum sampling after oral fat

and glucose.

Type of stimulus Oral Fat ' _0ral ;Glucose

Time (min) of sampling | 20 35 60 90 150 45 100
after stimulus :

Oral fat in man

*Total IR-GIP content 650 1680 1050

% Total as GIPVo 100 28.0 47.3
% Total as ProGIP ' - 14.3  30.6
% Total as GIPch00 - 37.7 22fl

Oral fat in dog

*Total IR-GIP content 1250 . 1750
% Total as GIPVo 41.6  40.1
% Total as ProGIP : 7.5 30.4
% Total as GIP5000 50.9 29.5

‘Oral glucose in man

*Total IR-GIP content : .1400 680
% Total as GIPVo » : 14.4  16.1
% Total as ProGIP 35.3 42.5
% Total as GIP5000 50.3 41.4

* Expressed in pg/ml IR-GIP.
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- 'expressed as percentages’ of the'total IR-GIP respense;’.observed
"(a)§20;35‘aqd 6Qﬁmin£éﬁte;‘fqﬁfingeStioniiﬁ:mag;.Cb)?90féﬁdTlSO
- min-after fat ingestion in dogs:and  (c) 45.:aﬁd 100" min 'éfter

- glucose ingestion in mans.
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natural porcine- GIP over.one:hour. . ‘Blood samples .were taken]aftef715;»30,
-50: min. :and 15 min.-after the infusion had ended. . .The total IR~ GIP of
each serum sample was determined by RIA and 2 ml aliquots were subjected

to.gel filtration on.Sephadex:G50 fine prior to further RIA.

wa major regioﬁs_of'immﬁnoreaCtivity;were ObserVed; one corresponding to
GIPSOOO; as mightlbeiéépected'by reason of the procedures involve in the
purification of GIP: The'Other”immunoreactiVe'peak eluted-in the void
volume of the'column; i.e:;GIon, representing a form or complek with a
molecular weight>750,000; and was. too large to be ekplained in terms of the

circulating GIP present in the serum of the fasted dog, (Fig.76.).

Pretreatment of serum samplés from the series with 6.0M urea prior to chroma-
tography resuited in the cOnﬁersion-of a significant proportion of the'GIPVo
tO.‘GIPS(.)00 suggesSting that the IR- GIP eluting in the void volume.rebresents

an immunoreactive complé% formed b§ the binding of GIP500O to a large molecular

weight, serum protein, e.g., -albumin or globulin (Fig.776).

B. Th tissue -extracts

. A\
(1) Initial tissue extraction

Ektracts of the duodenal and jejunal mucosa of dogs were partially purified
in. the laboratory of Dr. V. Mutt-(Kgrolinska Institutet, Stockholm, Sweden).
The tissue was boiled briefly and egtracted into acetic acid. The protein
was .adsorbed anto alginic'acid; eluted with 0.2M hydrochloric acid and pre-
.cipitaiéd3from.solution with“SaturétedisqdiumAch10ride;'.This precipitate

contained .secrétin and cholecystokinin - pancreozymin, as well as GIP. After
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-206-

IR -CIP

% of Total

100 4.

GIPy,
804 Pro-GIP
GIPs000

60 -

40 -

20 -

Without Urea With Urea

- Fig. 77

. The relative proportlons of IR-GIP
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‘pressed as. percentages of the. total IR~GIP response, . in a serum
‘sample contalning exogenously: admlnlstered GIP, 'with or without pre-=

‘treatment with 6.0M urea.
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desalting on Sephadex G25, a fraction preceding IR-GIP (Fr 1-8) was

5000
selected for further extraction. Ten g of this material (SPC I G25 Fr 1-8) was
dissolved in 200 ml ammonium acetafe, pH 6.5, and the pH corrected to 7.0 by
addition of 2.(0M ammonia. The mixture was centrifuged at 7000 rpm for 30 min at
_ 4°C and the supernatant was decanted.»The insoluble precipitate was redissolved
im 0.1M acetic acid and lyophilized ~ neutral insoluble material.*Methanol: (=9
volumesz):! was added t§ the supernatant and the insoluble precipitate removed
by centrifugation, redissolved in 0.1M}acetic acid and lyophilized - methanol
insolublermaterial.The protein remaining in solution was precipitated by the
addition of_4 volumes of acectone at 4OC, and the precipitate was filtered out
on Whatman's 3MM paper, redissolved in 0.1M acetic acid and lyophilized:#
methanol solﬁble material. .These procedures are summarized in Table XXXXTI.
The fractions designated neutral insoluble, methanol insoluble and methanol
soluble were chromatographed on Sephadex G50 fine (1x100 cm) in 0.2M acetic
acid and the IR-GIP content of each 1.0 ml fraction was measured by RIA. The

relative proportions of each component as a percentage of the total IR-GIP cont-

ent is shown in Table XXXX and Fig. 78.

Table XXXX

Relative proportions of the IR-GIP components in fractions obtained from an

extract of hog intestinal mucosa

Fraction e 7% Total IR-GIP content
GIPVo ProGIP GIP5000
Neutral insoluble 0 33.3 66.7
Methanol insoluble 0 72.2 "27.8
Methanol soluble 0 0.0 100.0

Further purification was performed on the methanol insoluble fraction.
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TABLE XXXXI

Summary of Tissue Extraction Procedure

Heat coagulated hog duodeno-jejunal mucosa
l Acetic acid
Acetic acid extract
l' Alginic acid adsorption

NaCl precipitate containing Sn, CCK~PZ and

GIP activity
1 Sephadex G25
Fraction I éontaining,IR—GIP
¢.04M Ammonium acetate

pH.T7.0

Neutral Insoluble ' Neutral Soluble
fraction fragtion
Methanol
Methanol Soluble
fraction " Methanol Insoluble

fraction
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-The' ‘relative propertions of IR—GIPVO, IR-GIP 60'6'and ‘IR-ProGIP,
.'expressed as" percentages: of the. total IR-GIP, in: partlally puri-

:’fled‘extractsAof.theAhog.duodenalnand,jejunal‘mucosa
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(II) - Purification

(a) ' Methanol insoluble’OniSéphadeX7G50~

In a typ1cal experlment 300 mg—methanol lnsoluble was dissolved in 5 ml

0. 2M acetic acid: contalnlng %2 “I-~.albumin and I— GIP. The column of
SephadexTGSO fine'(2}5X90”Cm) WastdeVEIbped"with O:ZM'acetic'acid and 5.0 ml
. fractions were collected at a‘flowrate of 80 ml/hour. The void volume of hhe

. column and the elution Volume of GIP. were determined by counting 0.5 ml

5000
aliquots of each fraction for l‘mln. in an automatic gamma countér. The-
region between these peaks was pooled; lyophilized and designated ProGIP I,
The column profile of such a colummn, obtained by plotting absorbance at 280 nm |
in a 1 cm light path against ml eluant, is shown. in Fig. 79 with the regions
of GIP immunoreactivity determined by RIA, superimposed;‘ This procedure’

yielded approximately 100 mg lyophilized material with an IR+ GIP conteént of

30 ng/mg.

(IB) ProGIP I on CM cellulose °

Thirty mg ProGIP I was dissolved in 5 ml 0.01M ammonium bicarbonate and the

pH adjusted to 7.05 with carbon diokide. The solution was appiied to a

column of cellulose CM II (1.5x13 cm) which was developed with 0.01M ammonium
bicarbonate,-pH'7.8. The more.strongly absorbed material was eluted with 0.2M

‘ammonium bicarbonate. The eluate was collected in 5 ml fractions at a flow
rate of 120 ml/hour. The column was calibrated by chromatographing porciﬁe

GIP under identical conditions.

The absorbance .of each fraction was measured at 280 nm in a 1 cm light path »
and the IR~ GIP. content estimated by radicimmunoassay with two different anti-

sera. There was no significant IR- GIP in this sample, the major immuno-—
~ 5000
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f’
5000°

Ro7 appeared to-cross.react to' a dlfferent degree with this molecular. férm

reactive peak. belng less- baslc .than GIP_. -The alternative antiserum

of IR- GIP, compared with' the’ antlserum, Van 8, routinely used in the assay.
(Elg.i80). .Both'antisera.seemed“td“cross—reaCt with the‘standard'GIP prepara-
tion to the same degree. .The interassay control value was - 254-‘43 pg/ml

IR~ GIP (mean T SE in 50 determlnatlons) accordlng to Van 8 and 242% 14 pg/ml

IR- GIP (mean-

S+

-SE in 18 determinations) according to Ro7.,

When Fraction III, from chromatography on Sephadex G50, i.e., that fraction
corresponding to GIPSOOO’ was eluted from cellulose CM II. ‘under identical
conditions, the major portion of the immunoreactivity eluted in the same

position as natural porcine GIP5000 (Fig. 81).

(€) Stability of ProGIP

The material containing ProGIP, and selected to contain no GIP5000 was
routinely lyophilized and stored at -20°C. After the yield from several
€olumns had been pooled, 2 mg of the material was re-run on Sephadex G50
fine (1x100 cm) in 0.2M acetic acid as previously described. Radioimmunoassay

on the fractions obtained revealed that a.third of this material now existed in

the GIPSOOO form, as shown in Fig. -82.

(I1I) Molecular weight determination

A series of chrOmatpgrams;were‘run on Sephadex'GSO fine (1x100 cm) in 0.2M

acetic acid. The- samples . were ~ 50 ,000" cpm 125 I~ albumin and ~.20,000 cpm

of one of the. following-iodinated- markers, 125‘14 mot:ilin,lzs"I’-GI}?,'»l25 I-

insulin orlle”I-‘parathyroid hormone,‘in 2 mls 0.2M acetic acid. The 1 ml
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".cellulose. The IRGIP content was detérmined’ by RIA with-

'ahtisgra’VaQ-S'andeb7.LfThélColumn.waéfcalibrated'with"

porcine GIP.
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Column proflle obtalned after elutlon of- the GIP5000

contalnlng fractlon from Sephadex GSO, on CM: cellulose.
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fractions collected were counted for 1 min. in an automatic gamma counter
and plotted against ml eluant. The void volume (v°) and elution volume

(VE) were taken as the volumes corresponding to the peak tube of the 1251—

albumin and 125 1 marker respectively, and VE/V° versus molecular weight
was plottéd for each mafker.(Fig{ 83). VE/V° was deteérmined for the IR-GIP

in ProGIP I and this was found to correspond to a molecular weight of

7500-8000 in four separate deteérminations.
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Fig(?83;"<Curve show1ng the relationship between V /V -and. molecular
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dodinated polypeptides"from: ﬁephadex 'G50" (1‘x 100" cm) 1n 0.2M
'aeetlc acid’ apd.ceugting;of.these fractions for 1 min in an

automatic 'y counter.



-218~

" 'DISCUSSION

Studies on-the composition and structure of motilin revealed that if was

quite distinct from the previously isol;ted and characterized gastrointestinal
polypeptides of duodenal mucosal origin. The major property of motilin
appeared to be its stimulatory effect on the motor activity of the stomach.
Unlike gastrin and cholecystokinin-pancreozymin, motilin stimulated the motor
activity of the fundus as well as that of the antrum. Another action of
motilin, suggested by studies with exogenously administered polypeptide,

was stimulation of pepsin secretion in dogs. It did not, however, appear to
have any effect on the eﬁocrine pancreas or on gastric acid secretion (Brown et
al,l97é). Recognition of the physiological role played by motilin in regula-
ting gastric motor and secretory activities, and support for the hypothesis
that motilin wés the humoral agent released upon alkalinization of the duodenal
mucosa both required the development of some method for the identification and

measurement of changes in thé levels of motilin in thé systemic circulation.

A radioimmunoassay has been developed for the measurement of IR- motilin in
sera and tissue extracts (Dryburgh and Brown, 1975). Antisera were raised
in.albino guinea.pigs and New Zealand white rabbits. As a general rule, any
substance with a molecular weight of. <1000 may be regarded as non-immunogenic,
whilst those with molecular weights in the range 1000-6000 are poor immunogens.
Motilin, with a molecular weight of 2700, falis into the latter group and

N
no useful antisera to this polypeptidg have been obtained by immunization
with the polypeptide alene. This was overcome by covalently coupling the

molecule (hapten) to a larger protein. The most commonly used method of achie-

ving this is the carbodiimide condensation reaction. Carbodiimide will react with a
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number of weak acids but the predominant reaction at room temperature is with
carboxylic acid, usually provided by the hapten. The activated carboxyl group’
then reacts with the free amino groups ‘on thé protein to form a peptide bond

as schematically shown by the formula:-

R-COOH + CH - CH,~N=C=N(CH,) , ~N-(ct,),,
(HAPTEN) (cp1)
L + 1,0
‘CH3—CH2fNHfﬁ=N-(CH2)3 K- (cny),
0-C-R
I
. 0
_ + R'NH, (PROTEIN)
- — — ' » R ] — — — [— — .
R-C-NH-R' +  CH,~CH,-NH-C-NH-(CH,) ; -N-(CH,),
0
(CONJUGATE)

>Some degree of condensation will occur between the protein‘moleculeé, via

their activated carboxyl groups. This may be reduced somewhat by activating
the haptenic éarbokylic acids before the addition of the protein. Bovine and
human serum albﬁﬁin are tﬁe most‘commoniy usgq proteins.  Immunization of

both rabbits and guinea pigs, the schedule of injections involving both motilin,
conjugated to BSA, and non-conjugated motilin, resulted in the production of

acceptable antisera in the majority of animals.

The range of affinity constants (K) of motilin antisera was -1 x 1012 to 1 x 1014

‘1/mole; calculated as shown in Fig. 10. When a radioimmunoassay is being estab-

lished it must be accepted that there is an inherent limit to the sensitivity
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of the assay that is: dependent on .the" affinlty constant . characterlzlng the
'predomlnant antlbodles in: the -antiserum. : The affinity-of the antiserum has
been determined to be ‘a function of the: dose of the’ 1mmunogen employed
(Perker'etfal,'lg67); and.the time lnperval since. the immunization (Eisen

and SiSkind; 1964): It is assnmedlthat-the-heterogeneity-of antibodies -
present in an antisernm is the.resnlt.of their production by a heterogeneous’
.population of antigen;senSitive'Small.lymphoeytes;. Low to moderate doses

of immunogen will preferentially,stimulate cells with high'affinity.recgptors
and their'pnogeny”will; inrturn;ﬁproduce‘high affinity antibodies. With the-
passage-Of time the antibodies produced will tend to neutralize SOne‘of the.
antigen.and as the level falls;'it will be the higher affinity cells which
will centinue to be stimuleted, Antisera to motilin have béen raised by
immunization with -20-50 ig polypeptide, given at monthly intervals until

a reasenable t%tre was achieved.. Booster immunizations with low doses of
immunogen, at 3 -~ 6 month intervals,maintained or increased the titre.

Animals. were bled 10 - 12 days.after eech immunization and at monthly intervals:
thereafter. Metilin antiserum Mo7 had a titre of 1: 10 x 104, 10 -days after: |
its four;h immunization; which had increased to 1: 20 x'104 two months later,
with no intervening booster (Table II). The imnunization scheduies and results
are summarized in Table I and Table II:. No crossreactivity has been demonst-.
rated between any‘moti}in antiserum and gastrin, GIP, secretin, glucagon,

cholecystokininpancreozymin, VIP or insulin, as shown in Figs. 8 and 9.

Theoretically the iodination of any.polypeptide containing tyrosine requires
only 3 basic ingredients:+ the'isotope,fusually;125'I—Na, the ‘pure polypeptide,

and . some method §Oraoxidizing the iodide to:iodine.  Variables, . such as the
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relatiVe‘ratios of the’Various:reagents;:thelconstitueﬁtsiof.the.diluent
.buffer;.thelfinal.volume'Oflthelreection'mi%tore;'and.theﬁmethod for :separating
the unlncorporated 1sotope from the" labelled polypeptlde, ‘have to be estab-:
lished for- each 1nd1v1dua1 polypeptide.. ‘The majority of iodlnatlon'procedures;
however, vary- only sllghtly from -the original method proposed by Hunter and
Greenwood in 1963 Mbtllin was 1od1nated by a slight modification of the1r
chloramine-T method and radioactive tracervﬁﬁin a specific-activity of 400
mCi/mg was routinelp’prodoced;l A theoreticalriodinetion of. this polypeptide,
resulting in the incorporation of 1 atom of iodine into each mole of peptide,
would producev125'1; motilin with a speciffc'activity'of 626 mCi/mg, assuming an.
isotope abundance of 967. The actual results obtained would suggest that the
tyrosine in position 7 in motilin is relatively accessible to incorporation of

iodine. Storage of 125 I- motilin, at-a dilutionwf 1l x 106

.cpm/ml, in 0.2M:
acetic acid, containing 0.5% B,S.A, at -20°C, resulted in.a label, stable
without repurificatfion, for periods of up to 3 months. With the antiserum so

far available, the most sensitive assay has resulted from an incubation which

is allowed to reach equilibrium over 48-72 hours at 4°C. (Fig. 14).

The routine method of separating the  free antigen from the antibody/antigen.
complex is adsorption of the antigen.onto dextran-coated charcoal, 2.5 mg

and 0.5 mg dertran being added per tube, as illustrated in Fig. 16. A

solid phase antibodyHeskbealdeVeloped by. coupling motilin antiSerum to a

beaded fOrm.of_agarose,'a cross—linked dertran with high porosity (Sepharese 4B).
This matrir is activated by treatment with cyanogen?bromide at high pH. It is
then reacted with the upprotonatéd amino groups on the llgand - in this: case

the IgG in the. antlserum; to form a stable complex by formation of hydrogen

bonds .-
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(NBr-Sepharose'4B. , Ligand coupled to.Sepharose

No detectable antibody activity was -measured in'the.wéshiﬁéS'of the solid after
coupling to the antiserum was. complete (Fig. 18). Thevcoﬁpléd antibody' could
be used ' in thé radidimmunoaséay with no‘épparent loss in antibody activity
or.sensitivity potential. No significant difference was. observed in the
antiserum dilution cﬁrves or‘aséay standard curves; obtained with coupled or
uncoupled antiserum, all other assay conditions being the same (Fig. 42 and
Fig. 43). Solid phase antibodies are a feasible prospect in tﬁe further develo--
pment of the motilin radioimmunoassay. Pilot studies wefe performed on the
extraction of motilin from sera and tissue eitracté'Py,chromatography of the
motilin-containing material on c&lumns.of.Sepharose AB; coupied’to motilin
antiserum, The results were. favourable for thezdevelgpmentuof this teéhniQue
on a larger scale, both for the concentration of motilin from sera and the
isolation of the peptide from.its starting material, Presekretin, in a more
economical fashion than can bé achieved by the serial stages of chromato-
~ graphy, at preseﬁtfin'use (Figa 51 -and Fig. 52). Mbtilin,'édsorbed to this
matri% can be eluted by-a lowering of thé-pH with no apparent damage to the
molecule, as illustrated by the similarity of the standard curves.obtained

125

with - ‘I~ motilin, before.and after treatment by affinity chromatography

(Fig. 49).
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Antisera to- porc1ne motilin: appear to:crossreact.completely with porcine,

canine- and ‘human . motilln.. The fastlng serum mot111n concentratlons in- man,'
measured in ‘45 nmormal - subjects in .the-age: range 20-35 years, ‘was: 190 - 131 pg/
ml IR. motllin (mean ~. 8. D ) The mean toe S.D. fastlng serum*motilln concent-
ration- 'in 8 dogs was. 294 % 44 pg/ml IRr<mot111n., Whenlsernm samples, ‘containing
exogenous or endogenous. motilin, were. assayed at several dllutlons; the results
obtained could be fitted to the standard?curve,‘as shown " in Fig. 10. This
antibody would not therefore appear to differentiate'beeween unlabelled antigen
in the form of the;standard or antigen in the form.of the endogenous polypeptide,
satisfying one of the basic. requirements. for the development of a sensitive
radiomunoassay.' .Addition of 5000 cpm per tube Ofsa radiOactiye~tracer'with a
specific activity of 400 mCi/mg entails the addition of only 7 pg metilin and
still allows an efficient rate of counting. The final absolute essential, a
high affinity -antiserum, has also beén approached; and with these conditions
satisfied, as laid down in the rationale, the other variables have been estab-

lished attheir optimal values.

The apparent homogeneity of IR-motilin, suggested by the serum dilution curves,
was further ekamined by chromatography. of either alkali-stimulated IR- motilin
in‘serum—or an impure duodenal entract.on Sephaden G-50. As illustrated in

Fig. 31 and Fig. 32, only one region of IR- motilin was detectable, eluting in

‘ - 125 _. .
the same position -as I~ motilin.

Theé motilin content of 2 different preparations, one the synthetic analogue,
13-norleuciné-motilin, theﬂOther'anﬂimpure.duodenal extract, was measured by
bicassay.and immunoassay, in comparison. with natural porcine motilin. The

natural and synthetic¢ motilins were. found to be identical in both.biological
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and immunological activity-(Fig. 39 -and Fig. 41). The natural polypeptide

represented a 10,000 fold purification of the crude extract, measured by.

‘either bioassay or immunoassay, .as illustrated in Fig. 29 and Fig. ‘30.

‘These results and the apparent homogeneity of IR- motilin, suggest that the

biological activity of motilin may be fairly closely.correlated with . its

immunological activity, as measured by radioimmunoassay.

The IR- motilin of various regions of the hog gastrointestinal tract was
measured in partially purified acid-ethanol exfracts of the gastrointestinal
mucosa.. The region with the highest motilin contént (per g dry weight of

the extract) was the jejunum, followed'by the duodenum and upper ileum,

as summarized in Table XIV.. No detectable motilin was found in the oesophagus,
stomach or iower ileum. These findings agree with the results of Pearse et al
(1974). Using the indirect sandwich technique, with motilin antiserum as the
first layer,and fluorescein-labelled goat antirabbit IgG as the second layer,
they were able to detect fluorescent motilin-containing cells in the duodenum,
jejunum and upper ileum of.the dog, pig, baboon and man. The cell of origin
was identified as the enterochromaffin (EC) cell, 85% of the motilin-containing
cells showing positive argentaffinity. The remaining 157 of the cells were
argyrophyl. No EC cell in the stomach or lower intestine could be demonstrated
as containing‘motilin. The EC cells of the upper gastrointestinal tract have:
also been shown to contain serotonin, substance P and melatonin, all Qf which
are also found in neural tissue. Although the EC cell is unlike the other cells
classified as APUD in.that it does not derive from the neural crest, it does’
appear to originate from neurcectodermally derived tissue. The possibility
should’£é'inveétigated thét motilin has neural connections. The-relationship,

if any, between motilin and the other substances of EC cell origin is net clear.
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Differential .staining. techniques, applied to mammalian duodenal tissue, have
demonstrated that-motilin and substance P are’ present in dlfferent EC cells
(Polak et.al,_l976).,'Forssman.et,al;(1976)_conﬁirmed that.not.all.serotonln—
containing:cells-infthis region-containedectilin“but.werenuhablefto?rulefout
the»possibility*that’motilin«—-containiné cells_dc;conteingserctenin; One
must postulate that EC cells fall into subp0pulaticns; classified-by the poly-

peptide they produce.

The production of a synthetic analogue’(WﬁnschAet}al;.l973) permitted some
insight into the relationship betweent the structure of motilin and its biolo-

- gical potency. The methionine'residue at_pcsition 13 was originally thought

to be essential for the ekpression—of biological activity. When the methionine
was oxidized by treatment with-hydrogen peroxide, 95% of theubiological.activity
was lost. Full'potency was_restored, h0wever,lafter reduction of the residue
with cysteine (Cock, 1972). During thefsynthesis_leucine or'norleucine were
substituted for the methionine, because-of the difficulties inV;lVed{in a
synthesis containing.a central arginyl—methionyl bond. . No. loss in either
biological or immunologicalnactivity was observed (Fig.'39”and Fig. 41)
suggesting that it was not.the methionine residue per se which was impcrtant in
conferring full‘Bielegical potency.. It -was more likely that some conformational

change, which resulted from the exidatien of the‘sulphur—containing residue,

- was responsible for the loss of activity. In the course of the synthesis and
- . L

purification of 13enorleucine—motilin, the intermediate CQmpounds MoB2 and MoC2

were found to.be inactiVe.fu‘MoB2 resulted from a failed synthe81s, in which the

amino- acids, threonine and tyr051ne, at~ p081t10ns 6 and 7, were not incorporated.

MoCy Was.determined'to be a diastereomeric.fOrm,of theﬁactiVe-'oly eptide, the
Moty poLypep ‘
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ﬁhenylalaﬁineat.position 5-being in .the D-configuration,. rather than the

L-configuration found:in:the actiye molecule.

DifferenCes were obserVedﬂin=thefeleéfréphéféfiC@ﬁobilitiéé@@fmtheatryptic
digestidn-ﬁroductsxof thé'natural_apd éyﬁthetiégmétiliﬁé. ..The acidic tryptic
peptide 3 (Tr 3), reported*by}Brown“étlal (1973)'wé§ abséﬁt in the‘synthetic_
material. When the tryptic digestion was‘repéated’oﬁ freshly prepared porcine
motilin, Tr 3 WaS-isolated'and'subjécted“to eléétrophéresis at pH 6.5. It now
ran as a neutral peptide;“’Kinetic studies withAléﬁcine aminopeptidase and a
3-cycle Edman degradation, indicated that the péptidevéontained glutamine at
poéitidn 14 and net glutamic acid as*originally-stated; It ‘must be supposed
that deamidation of the residueuhad occurred during the early preparation of
motilin (SChuberﬁ fnd Brown; 1974). This deamidation had no effect on bioclo~

gical activity.-

’,Studigs on the synthétic fragments 9-22 and 13-22 or on fragments of natural
mofilin produced by'either cheﬁicéi or enzymatic digestién‘haﬁe not resulted
in the iselation of a. fragment containing anyvsignificanfVbiological‘or im-
munological activity. The'immunolsgical a;tivity obsérved‘after cyanogen
bromide cleavage of motilig, seén in ‘Fig. 40, can be accounﬁéd for by the

~ presence of uncleaved material remaining in the reaction mixture.

Modificationbof the naturally-occurring molecule by aFylation drastically

reduced the pofency of motilin. Acetylation néutralizedithe‘positive charges
of the & -amino groups and’ the N-teérminal phénylalanine;'whilst:SuccinylatiOn
produced a net negative chargé On‘thé[mdléchle!' One éyélé_of,the Edman's de-

gradatidn'prbcedure also resulted in a loss of biological potency. It is
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unclear:whether.this:was:due4to:theUIQés;of.the’N—terminal'aromatic:residue,
pheﬁylalanine;“or.to:the"acylétioﬁ-éfVthe;Z'—aminQ'éroups'bnafhe*lysine
residues;‘caused'by‘eiposure1sf.thékmélecﬁlé t0'pheﬁ&lisoth10cyanate; The
lossfof}activity'aSSOCiated'withtthe Chéngé'in thé'net”chéréé on the molecule
would suggest that motilin binds to itsxfecéﬁtbr sitefb& formation of ion pair
bonds. The biological actlvity of motilin was. seemlngly unimpalred by the
removal of the C-terminal and’ penultimate amino aclds, after treatment with
carbdxypeptidase A. It -should be'remembered; h0wever; that this is net a com-
plete degradation procedure and until synthetic peptides 1-20 and 1-21 can be
prepared, no firm conclusions may. be drawn;.regarding_the'importance of these
amino acids in the biological activity of motilin. From these results,
summarized in Table XV9” it must. be -concluded that virtually the intact molecule
is required for the eipression of full biological potency. The individual
‘amino acids are importagt inasmuch as they contribute to the charge distribution’
and probable. confirmation of the molecule.

Brown. et al (1966) reported an increase in the motor activity of an e#trinsically
denervated or'transplénted pouch of the fundus of the stomach after duodenal
infusion of‘iéotonic aikali.or fresh pig pancreatic‘juice,.sufficient to raise
the pH from the basal level of 7.5 to 8.2. Intravenous infusion of a pure poly-
peptide, isolated from hog duodenal mucosa, mimicked this response. No other
gastrointestinal pblypeptidelhas been discovered which will produce thg reported
increase in fundic motor activity,; gastrin and chélecystokinin-pancreozymin
having thelr motor effect only on thée antrum of the stomach. The development

of afradlolmmunoassy, specific for motllln, conflrmed the supposltlon that the
increaSed?fundig;motoriactivityrobserVedfafter:duodenal,alkaliniZation was

‘accompanied by’ a corcomitant increase in thé'Circulatingalevels:of IR~ motilin,
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comparable.to:thoée’ach16véd“dﬁfiﬁé3é§§één6ﬁs.admiﬁigtration;of,the:poly—
peptide: (Fig. 34). " AnmipcréaSe:in seruﬁ IR~ motilin“levelé‘waé.also.reported
by Hellemans et al (1976)'after'ihétillatién of biéarbonaté“intoAthefantrum
was sodium hYdro%ide."Mitznegg.et'al-(l9Z6)lwere unable to detect any . increase
in cireculating IR- motilin levels.after intraduodenal'Tris’buffer; pH 10.2,
in human.volunteers. They-claimed'a'fall in plasma motilin levels occurred
after duodenal alkalinigation but é%amination of their,resﬁlts failed to
reveal that the depression of IRh*ﬁotilihvlevels was significant in view of
the variation in IR- motilin levels measured during the pre-infusion control
period.  Control studies -in dogs, with an intraduodenal infusion of 0.15M
saline showed no increase invfundic pouch motor activity and no change in

. IR- motilin from the basal'levéls, throughout the duration of the experiment,
as shown in Fig. 35.. Similar findings in man‘have been reported by Mitznegg

et al (1976).

In twoe eiperiments, the dogs.eiﬁibited spontaneous increases in fundic pouch-
motor -activity, very similar to those obtained after alkali. An increase in
IR- motilin accompanied ‘this increased motor activity. The cause of this
motilin release is unclear. The activity Qccurred after the dogs had eihibited'
a period of normal basal motor activity for at least 20 mins: and was therefore
unlikely to Be caused by either distensien of the fundic pouch whilst it was

being filled with water or by insertion of the'Foley catheter into the Mann-

Bollman fistula.
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A somewhat anomalous obsérvation was that duodenal acidification appeared

to produce an increase in serum IR- motilin in dogs. This elevation was

less than that seen after duodenal alkalinization, but was more prolonged, as-
illustrated in Fig. 37. No increase in fundic¢ pouch activity was observed

in these animals. This resultlwas-uneﬁpected-in view of the finding by

Brown et al (1967) that intraduodenal acid suppressed alkali-induced fundic
pouch motor activity. Recent studies by Itoh et al (1976) supported this
observation. They demonstrated that the inter-digestive pattern of gastric
motor activity in tﬁe fundus, antrum and lower oesophageal sphiﬂcter in
dbgs‘was ekactly mimicked by infusion of 0.1 - 2.7 pg/kg/hour synthetic
motilin (13-methibniné—motilin) when compared with respect to duration, ampli-
tpde and frequency of‘the contractions, and their‘velocity at different‘distan—
ces along the gastrointestinal tract. This intérdigestive pattern, whether
natural or motilin-induced, was interrupted by feeding, duodenal acidification
or an infusion of pentagastrin. One'pqssible explanation of these contra-
dictory findings is that the.substance released by duodenal acidification is
not motilin, but some other substance which shares immunological but not
biological identity with motilin. It has already been noted that although
acylation almost‘compietely abolished the biological activity.of the molecule, :
.approximately‘SO% of the immunoleogical activity still remained (Table XXV).
Investigation of this acid-released métilin—like immunoreactivity by electrop-
horesis or column chromatography would provide more information relative

to any .size or chafge difference between it and the alkali-induced, motor
stimulatory. motilin. It is interesting to speculate whether the anti-motilin
effect observed after duodenal acidification is due, in part, to competitive

antagonism by this motilin-like material.-
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The.éhy'siol_og'ical role(s) of motilin will remain a subject of conttroversy

- until a.ph§Siological.Secfe;agoéﬁé'érfofhér,mechanism:for.its:release can
beidembnstrated; The"lack}bf,aﬁy»giéﬂificant inéreéSé iﬁ.éhe'Systemic.levels
of IRé.motilin4after?ingestion;6f éithéilélﬁégse of a:mi%ed meal (see Fig. 38)
would ‘suggest that metilin played little.role in thewnofmal diééstiye processes.
'The apparent.increase.in'IRagmotilin:répﬁrfed'bi Mitzﬁééé_ét al (1976) after
ingestion of-faf; with the accompanying inhibitien §f'fuﬁdic:ﬁotor activity,

- may be due to the same motilin-like material released by duodenal acidification.

In 1966, when Broﬁn\et al first described theralkéli—induced‘incréase"in fundic
pouch\motorvactivity, they postulated'that; undér thesé conditions, some humoral
agent was being released which would counteraqf the inhibitory effect of the
other gastrointestinal polypeptides; gastrin; cho1ecystokiniﬁ—ﬁancreoZymin

(and, of -course, GIP) which were releaéed by the ingestion of various nutrients.
Studies by Hoelzel (1925) and Reinke:et al (1969) in dogs; indicated'thaf the
duodenal contents tended to an alkaline pH during the fasting periods. As
previously described by Iteh et al (1976) eiogenouS'motiiin eﬁactly repfoduced
the normal pattérn of mechanical interdigestive activityﬁilThis consisted of
bands of contractions, arising simultaneously in the fundus and duodenum and
travelling aborally the length of the ileum. Each cycle took approkimately

20 mins. to-pass one point'and consecutive cycles were about 90 mins apart.

This paftern.was inter;upted by feeding.u:Preliminary‘studies have sﬁggested
that motilin levels were depressed initially after feeding; as shown in Fig. 38.
The purpose of this intefdigestive cyclic activity is,postqlated to be the
cleaning from the digéstive- and absorbent,e¢ regions of the upper gastrointes-—

tinal tract of the extra mucus'and.desquamated. epithelial cells resulting

. f¥om the processing of the prévious meal. This "cleaning up" operation is
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'probably:mediated'in‘part1by}humoral;means;;in partvby&nedral.mechahisms.

. .The:appearance‘of a sinélégé?tle}efiectirity:et«a time*iﬁithe"ﬁppef"70%-of
the gastrointeStinal.tractlme§iberde:teieeme inhibitory.refle%ﬂbetWeen'the

iupper'and,loWer'regions of.theftract:= .The’ tachyphylaxis described by Cook™’
(1972) as ‘occurring when a second 1njection of motilin was given ‘less than

©40. mins -after . the flrst might be" explained By an inhibitory reflex of this

type.

The fact that gastric alkalinizatidn;rwith'Or withodt.prior gastric.acidifiea—
tion, has been reported as causing an increase in the pressure of the lower
oesophageal sphincter (LESP) (Castell and:Levine; 1971) raised the possibility
that motilin was- involved in the control of this region. The increased
pressure was initially postulated to be the result of an increased gastrin
output frem the antrum. This was not however sdpported by the»work of.Debas
et al (1974) or Kline et al (1975)‘Wh0 could show no increase in serum IR-

- gastrin after antral alkalinizatien. ‘Jennewein et al (1975) measured changes
in-LESP in dogs after bolus injections or intravenous infusions of motilin
over 30 mins.  The most effective doses were 30 ng/kg or 100 ng/kg/hour
respectively. The motilinvresulted in increased activity in both the antrum
and the fundus, and low frequency phasic activity in.the LES, related to the
activity<in the fundus. When motilin was administered as an infusion, the
phasic activity ip the LES ceased within 10 mins of the end of the infusion.
DuodenalAalkalinization resulted in.an increase (non-significant) in.the

LESP in 4 dogs.  Similar results were obtained in studies in man, the LES
reeﬁondingstq"graded'doses[of.the'Synthetic nor—leﬁCine'analogue in a dose-
related“manner; This response:was. depressed by" 1nfusion .of -atropine sulphate,

‘suggesting a.cholinergic involvement (RBsch et’ al 1976)
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An attempt to cqrrelate‘increased LESP with endogenous release of motilin
was performed in normal subjects and patients who had undergone truncal vagotomy
with Billroth I or Billroth II antrectomies (McCallum et al, 1977). The
subjects ingesfed-eifher 0.4M sodium bicarbonate or a commercial antacid
preparation. inéreased-LESP was observed in the normal subjects and those
WifHéBfllrétﬁ'I‘anastomoses; No ‘increase.in either serum IR- motilin or .
serum IR- gastrin was detected in association with this pressure increase.
The "lack . of any response in theé Billroth'II-patienfs indicated the importance
of the duodenum in\eliciting this respoﬁse. Hellemans et al (1976) were
able to demonstrate a slight.increase in IR- motiliﬁ‘after either gastric
alkalinization or acidification.  The motilin response to alkali was rapid
in onset and slightly preceded the peak reéponse'in the LES. This finding
was in: agreement with the postulate of;Jenﬁewein that motilin exerted its
effect on the LES indirectly; via its effect on fundic motor gctivity and
~gastric intraluminal pressure. The increase in intraluminal pressure in the
fundus was then the direct cause of the increased LESP. 1In contrast, the
motilin response to antral acidification was much slower in reaching its
peak (approximately:45 mins.) and correlated directly with the peak LESP.
These differences were not remarked upon By the authors. If the different
rates of motilin release were due to different rates of passage of the acid
or alkali into the duodenum, the authors' postulate that motilin, like acid,

has a role in the inhibition of gastric emptying loses support.

Increased LESP after éxbgenous administration of low doses of naFural or
synthetic motilin has been conclusively demonstrated in both dogs and man.

The results obtained after endogenous released motilin are far less conclusive.
i .

Direct instillation of alkali into the antrum or duodenum has been shown to

)
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result in an. increased. LESP, which correlated with the release of IR—motllln.
However, the increase in LESP assoclated with oral lngestlon of alkali could
not be related'téﬂanyvdetectable.increaSe'in,IRr‘motilin. fThis finding does
not‘neceSSarily‘ﬁreclude motiliﬁ=from playieg e rele ie fegelefiné'LESP; It

' may exert its effect at levels not detectable by radioimmunoassay.

In 1967 Brown and Parkes'postulated'the’e%istence of a'deedenal;ZpH_dependent,
dual hermonal mechanism for the control ef éestriC‘ﬁotor aetivity;' In such a
mechanism, low duodenal pH would inhibit -gastric motor activity and delay
gastric emptying, by -the release.of'some humorel agent; whilst a high
duodenal pH would increase gastric motor activity and possibly increase the
rate’ of gastric emptying. - The effect of motilin on the rate effgastric emptying
was. 1nvest1gated in dogs equipped with gastric flstulae. Intravenous infusion
of porcine motilin was found to accelerate the emptying of a neutral test
meal (Fig. 53). It had no effect on theerate of emptying of solids (Fig. 54).
The site of action of the motilin during the emptying of/ the liquid was deter-
" mined to be the fundus, antrectomy heﬁing little effect on the response, as
shown in Fig. 56. The decrease .in gsensitivity of this response to motilin

' )
after truncal vagotomy. (shown in Fig. 55) suggested that the response depended..
on some interaction between motilin and a cholinergically-mediated’ neural
reflek, at the level of the fundic musculature (Debas et.al, 1977). These
results were in direct contredieiton to those obtained by Ruppin et al (1975)
in man. . They:deseribed a decrease in the rate of gastric emptying of an acid’
test liquid, after an infusien of 13-norleu-motilin. The lack of any. effect
on the rate of emptying of the solid meal may be ‘due to an over-riding or an
inhibition of thé motilin-induced response by ehe”humoral'fectors‘released

from the duodenum by the constituents of that meal. As yet, an -increased
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release of endogenous motilin has not been demonstrated to be part of the pattern
associated with increased rates of gastric emptying, and the physiological im-

portance of this action is uncertain.

Investigation of the mode of action at the cellular level has involved the
development of an in vitro preparation for the assay of motilin activity.
Domschke et al'(1976) have reported the development of such a preparation
utilizing either rabbit dﬁodenal muscle or strips of human fundus. They were
able to demonstrate a dose-related contractile response to natural or synthetic
motilin. This response was unaffected by ganglionic blockade, akonal blockade,
atropine.or antihistamine, suggesting that motilin acted at a receptor on or

in the muscle cell. Motilin may exert its effect on muscle by influencing the
transport of calcium (Ca++)'within the cytosol.  The action of motilin was
blocked by the Ca++'antagonist, verapamil. Increased cyclic guanosine 3'5'

monophosphate (cGMP) levels, associated with the rapid release of Ca++ from

microsomal fractions, were observed during the response to motilin.

. Strunz ét al (1976) found that the response of isolated rabbit pylorié muscle
to acetylcholine was enhanced by pretreatmént with subthreahold levels of
motilin. This augmentation was not associated with either increased acetyl-
choline synthesis or decreased acetylcholine degradation. The doses of motilin
required to stimulate the in vitro preparations were relati;ely larger than
those which promoted gastrointestinal motility in the intact animal. It is
possible that circulating, subthreshold levels of motilin in the intact animal

may be contributing to the cholinergically-maintained tone in the gastrointestinal

nusculature and that functionally significant changes in serum IR- motilin levels
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‘are.not .detectable in;the*radiOimmunoaésayjsystem; AASecégdapossibility
’islthatJmOtilin4is.not’tranSPOrtéd};o;itS“taréetlcéil'viaithéféirculation but
isamerély'péséed'via theéé%tfaéellﬁlarvfluid to theﬂadjécentacell where it
acts, in a‘paracrine'fashiOn:, The inability- of other groups.to establish an
'fintv£t£o assa&.usiﬁg tiésue:from'rats;:guinea pigs'and.dogS'can only be

explained’at this time by species differénces..

It is now suggested that there is no evidence that motilin normally plays

any physiological role at the levels of IR~ motilin achieved by infuéion of
. . |

l‘ﬁg[kg/hour of polypeptide or after duodenal infusion with alkali at PH 10.2.

The hypothesis is that.thevrole'Of motilin. is to maintain the interdigestive

péttefn'of_gastfic motor activi£y3‘the»effec&ive-levels being much lower

than' those achievg@ duringjthese'e%periments. A study of IR~ mdtilin‘igvels

during a continuous recording of the interdigestive- and digestive patferns

of motor activity would help confirm or'deny_this-supposition.. A second question

which éhould be answered is whether motilin is acting independently in controlling

-contréctile activity or whether it is acting in concert with some other humeral

or neural reflex, probab;y:chblinergicaliy—mediated. If this is the case, the

‘effective. incfeasesmin'motilin levels:may. only occur at the cellular level and

may never be reflected by'éhanges in the syétemic levels of the polypeptide.

The‘physiological.%timulant for metilin release:would be the rise in duodénal

and jejunal pH occurring in the fasted state; The absence éf increased systemic

levels of IR- motilin associated with'any specific part of the digestive cycle

and the lack of -evidence regarding the e%isténée of any hypersecretory syndrome

set motilin aparttfrom the other known'gastrointestinal hormones and would

.suggesttthatvmotilinzma§ befacting as a local hormone or:in a paracrine manner,

rather than.as a classical endocrine hérmone.’
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The polypeptide isolated from the intestinal mucosa of hogs by Brown et al
(1969) was. named gastric inhibitory polypeptide (GIP) because of the early
observation that the ﬁure porcine material, infused intravenously in.dogs, .
inhibited stimulated gastric acid secretion,.in a dose related manner (Pederson
and Brown, 1972). A second, at least equally important, bielogical activity

of this pblypeptide was.demonstrated by Dupre et al (1973). They infused
porcine GIP in men and were able to measure an enhanced insulin response to

an intravenous glucose infusion.. Pederson et al (1975A, 1975B) confirmed this

finding in dogs. Their results would suggest that GIP might also be inter-

preted as glucose-dependent insulinotropic polypeptide (Brown and Dryburgh, .

~—

1977). A radioimmunoassay, specific for GIP, was developed by Kuzio et al
(1974) to determine the physiological secretagogues for GIP and the relative
importance of the endogenously-released polypeptide in gastric acid secretion

or insulin release under normal or pathological conditioms.

Antisera to GIP have been obtained in guinea pigs and rabbits after immuni-
zation with GIP conjugated to BSA. GIP would not appear to be a good immunogen,
no satisfactory antisera having been produced in animals immunized with non-
conjugated GIP, and even the conjugate has produced good antisera in only a
small percentage of the énimals-injected. All the studies reported from this
laboratory, up to the present time, have been based on a radioiﬁmunoassay
utilizing one antiserum, Van 8, and the assay conditions have been established
to produce the most sensitive assay for this particular~antiserum. When an
alternative antiserum, Ro7,.was introduced, the assay system had to be chahged
to the disequilibrium type to achieve a satisfactory degree of label displace-

ment, as shown in\Fig. 59.
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When it was revealed that iR—GIP did notveéist'in a homogenéous“fdrm; the

crossreabtivityjof.thefavail;blé‘éntisééa'wasié%amined'with,therari?usihetero—
logues‘of‘IR¥GIP: The'oxiginal antiserum; Van 8,~crqssreaétéd;with~3 diffeFent
SOOOVand.ProGIP'(Eig:'ZZ and Fig;'73)

and antiserum GY 5 behaved in a similar fashion. Antiserum Ro7 and antiserum

‘immunoreactivye forms of GIP: ' GIva, ‘GIP

Van 8 crossreacted'with‘GIPSOOO in the interassay control preparations to the
same degree;.bUt did nqt agree in the measurement of ProGIP; as illustrated in
Fig. 80. Antiserum Ro7 appeared to.haVe,a greater -affinity for this form of

: i
IR-GIP than did antiserum Van 8. The total IR-GIP response to any stimulus
consists of varying broportions of at least 3 components, as determined by
these antisera. It is obviouS‘that'comparisons-between IR—GIP‘responses to
stimuli may only be made if the studies are performed with antisera whose:
behaviour with the various IR-GIP heterologues is also comparable, or Better

-

still, with the same antiserum throughout.

The usual technique used in the iodination of GIP has been a modified version

of ehe chloramine-T method. In an attempt to reduce the damage done to the

GIP melecule by the oxidising agent, pilot studies were performed, varying the
concentration of chleramine~T and the length of the ekposure.time. The gpecific
activity of the resulting label, calculated from the percentage incorporation

of 1251 into the molecule was 350 mCi/mg when GIP was ekposed to a chloramine-T
concentration of 4'ﬁé for 120 sec: This compares well with the routine label,
whose specific activity; calculated in the same Way; was 120 mCi/mg, (from

the radiochromatogram in Fig. 21). An improved label is likely to result from
further studies with reduced concentrationsof chlbramine—T and ‘varied periods of
exposure. It should be noted that .this method of calculatlng the specific

activity is much less reliable for GIP than it was for’ motllln. With motilin

thére was little differénce in the values obtained, whether they were calculated
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from the radiochromatogram or'from a separate assay, requiring the addition
of label at several dilutions. This is not the case with GIP. The label
obtained in the procedure illustrated in Fig. 21 had an apparent specific
activity of 120 mCi/mg. The same label, after a label dilution assay, had an
estimated specific activity of 68 mCi/mg. This indicates that a smaller pro-
portion of the labelled polypeptide eluting in the first peak represented.
mono-iodinated 125I--GIP. The molecule has two tyrosyl residues, one
N-terminal, the other at position 10. At present, there is no wey of knowing
which tyrosine is the more available to the incorporation of iodine, or
whether the tertiary structure of the molecule is such that the N-terminal
portion of the peptide is indeed readily accessible to thebincorporation of
iodine at all. The lack of improvement in the specific activity of the label

after the gentler lactoperoxidase method of iodination would suggest that

neither tyrosine is readily accessible to iodine incorporation.

Purification of the label by gel filtration on Sephadex G-25 will separate the
iodinated polypeptide from the unincorporated isotope but fails to separate the
labelled and uplabelled peptides frop<each,other, and is berely adequate for
separation of mono-iodinated GIP froﬁ the di- and tri-iodinated forms. The presence
of uniodinated GIP in the labelled preparation is a contributing factor to the low
specific activity, blunting the sensitivity of the upper end of the standard curve
and limiting the concentration of labelled antigen which may be added to the assay.
Subsequent ion exchange chromatography'on QAE Sephadex A-25 of 125I'--GIP, initially
isolated by gel filtration, has produced en iodinated GIP with a specific activity

in the range 200-250 mCi/mg (estimated by the label dilution method). This improve-

ment is probably due to the removal of the unlabelled polypeptide, which elutes
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ahead of the labelled matexial in the system employed (Flg 22) The routine
1nc1u31on of:interassay controls in the: assay have made it easier to monitor
the performance of.the assay system and acts as a. rellable index for the estima-
tion of the:effect of variations in: procedure on the sensitivity -of the assay.
Antisera to porcine GIP;'raised'in'rabbits; were covalently coupled‘to Sepharose
-’4B and ‘tested.as an alteroati§eu£01de%tran—coated’charcoal.in theﬂseparation of
bound antigen.from'free'antigen'in.the’incobation mikture: The binding of the
antibodies to the agarose was CQmplete; as indicated by.the lack of antibody
activity in theé wash; (Fié. l9)d~ The coupled antiserum, . tested in the radio-
immunoassay; appeared to possess only a small percentage of the original anti-
body activity. This was indicated by.the reduction in the titre of the coupled
antiserum, required to produce a ma%imum binding of 30% of the labelled tracer,
-shown in Fig.‘46. The coupled antiserum at this lower titre also showed a diminis-

hed sensitivity to the addition of unlabelled antigen. (Fig. 47)

The results obtained with Sepharose-coupled antisera to the steroid hormones and
the low molecular weight oolypeptide hormones, e.g., gastrin, would suggest that
the antibody activity, in the radioimmunoassay system, was unaltered by the
presence of the solid matrix or the coupling process (Bolton and Hunter, 1973).
The Sephafose-coupled antiserum in the radioimmunoassay for motilin, another

small polypeptide, also demonsfrated a high recovery of 'antibody activity and

no loss in sensitivity potential. The same was not true for insulin, human growth.
hormone, human thyroid stimulating hormone or GIP. Ali these radioimmunoassay.

~ systems .showed a loss in antlbody actlvlty and sensitiyity ‘wheén. the antibody was
coupled directly. to the’ Sepharose matrlx.ﬂ,Bolton and.Hunter:suggested ‘that there

was a'critical size of antigen; above which .steric hindrance prevented the molecule-
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from having.éomplete.accesS‘to.the'binding sites on the antibody. This
critieal Sizéﬁmustrlie.betWeeﬁ327OOT(m0tilin) and.SIOSU(GIP)f‘ Direct
.coupling of GIP antisera.to: Sepharose was an uneconomical way - of utilising

the. antlsera, and this technique has not . been used in. studies on.the’ extra-

- ction and:purification of GIP.

This problem may well.beﬂOvéréame‘by'iﬁtérpoéing a hydrocarbon.éﬁﬁiﬁ'bétween

the ligand and the solid matriéz».The’use‘bf Such‘a.hydrocarbon spacef has
dramatically'improved‘the'EffectivenessAéf several Sepharose systems in the
purification of enzymesi(Cuatrecasas; 1970), especially in low affinity systems.
The reaction involves the: coupling of the spacer; such as ethylene diamine

or the tripeptide GLY-GLY-TYR to' the activated Sepharose; followed by the /
coupling of the ligand to the spacer by thé'éarbodiimide reaction, The inc~-
rease in distance between the solid and the antibody reduces the steric hindrance
imposed by the presence of the>matri§ and increases the fle%ibility‘and mobility

of the ligand.

It would be advantageous to pursue the possibility of a coupled ligand for GIP
for the following reasons: The separation procedure in the routine assay be-
éomes more rapid, entailing no extra addition step, as in the dektran-charcoal
separation, and no further incubation, as in the double antibody system. Centri-
fugation for 5 min. at 2000 rpm is adequate for packing the solid, allowing the
supernatant liquor to be decanted. The system is unaffected by the plasma
concentration in . the normal radioimmunoassay. and is'less disruptive to the
'priﬁaryvantigen/antibody.réaétibn.than.charcoalxaddition.' Reduction of the
incubation volume. to a minimum obyiated the need for rotation of the incubation

‘tubes” and .therefore .they do not require stoppering.-
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With the advent of a radioimmunoassay it became possible to investigate the
physiological functien of GIP, firstly as an inhibitor of gastric acid secretion
and strong .candidate for the role of enterogastrone. The term "enterogastrone"
was defined by Kosaka apd Lim to_describe the humoral agent postulated to be
released from the duodenal mucosa by fat or fat digestion products and respon-

N

sible for the inhibition of gastric acid secretion and’ the delay in gastric
emptying. Pederson and Brown (1972) demonstrated that porcine GIP was effective
in dogs in inhibiting gastric acid secretion, whether that secretion was stimu-
lated by infusiom of pentagaserin or histamine, or by vagal'stimuletion (induced by
insuiie—mediated hypoglycaemia). In studies where the extrinsically denervated

fundic pouch was stimulated to produce ~75% of its maximum secretory capacity, a-

significant degree of inhibition was observed at doses of 1 ug/kg/hour.

When serum samples, obtained from human volunteers'after ingestion of a normal
breakfast, were subjeeted to radiOimmunoassay,'they were found to rise from a
mean fasting level of 237 ha 14 pg/ml IR-GIP (mean t'SE) to a mean level of 1200
pg/ml IR-GIP, and they remained elevated above basal levels for periods in

excess of 3 hours, (Kuzio et al, 1974). When fhe various components of the meaal
were tested individually, oral ingestion of both glucose (Cataland et al, 1974)
and fat; in the form of a triglyceride emulsion (Brown et al, 1974) were found to
produce a significant elevation in the circulating levels of serum IR-GIP.
Ingestion of protein, in the form of either a meat extract or a fat-trimmed filet
steak, produced no such increase in the circulating levels of IR-GIP (Brown et al,.
1975).  When the original studies were duplicated in dogs, the circulating levels
of IR-GIP, achieved dufing the exogenous infusion of GIP, sufficient to produce

a significant inhibition of the gastric acid output, were determined to lie within
the range of serum IR-GIP levels released by ingestion of fat.. Similar IR-GIP

' . responses were obtained in dogs when the stimulus, either fat or glucose, was
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administered as an intraduodenal infusion.

Confirmation of the 1nh1b1tory action of: endogenous GIP was obtalned in studies
in dogs. Acid, stimulated” by a continuous infusion of pentagastrln; was in-
hibited by intraduodenal.infusion of fat CFig.A66), glucose“(Fig;'67) or hydro-
chloric acid (Fig. '68) but not séline‘(Fig;'69); The inhibition of fundic

pouch acid secretion by fat or glucose was accompanied by a concomitant elevation
of serum IR-GIP; There was no sigﬁificant chénge in TR-GIP levels related to

the acid-induced inhibition.and intraduodenal perfusion with saline produced
neither inhibition of gastric acid secretion nor change in the serum IR-GIP
levels. It would seem that GIP is; in strong likelihood; the-enterogastrone pos-
tulated by Kosaka.and Lim, according to the evidence obtained in dogs. The
evidence in man, regarding the inhibitory role played by .GIP released by fat
digestion, is less strong. Cléator.and-GSurlay(1975) found that exogenous GIP
would inhibit gastric acid secretion in man at a dose of 2 pe/kg/ 30 min. which
resulted in circulating IR-GIP levels well above those achieved by ingestion of

fat in the same subjects:

GIP does not appear to play any part in the autoregulation of gastric acid
secretion by duodenal acid. This finding was supported by the lack of any IR-GIP
response to ingestion of protein or alcohol, or the passage of pentagastrin-

stimulated acid into the <duodenum (Cleator and Gourlay, 1975).

The evidence supporting the claims of the other gastrointestinal polypeptides to
be enterogastrone has gradually been diminished. Secretin is not released in any
significant amounts by ingestion of fat, and has been shown to-have little inhib-

itory effect on.the secretory or motor activity of the stomach when infused in
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doses which mimicked the circulating levels of IR- secretin achieved by duo-
denal acidification. Cholecystokinin-pancreozymin is released by fat, but
much of the inhibitory activity reported as occurring after infusion of the A
polypeptide can be accounted for by the GIP contamination in the impure pre-
paration of cholecystokinin-pancreozymin used in these studies. A third
possible enterogastrone, VIP, is a potent inhibitor of gastrin- or histamine—.
stimulated acid secretion, wheh it is administered exogenously (Barbezat and
Grossman, 1971) but no mechanism for the physiological release of VIP has yet
been described. GIP may not be the only enterogastrone but it would appear
to be a major factor in the humoral reflex so designated. The actual mecha-
nism of GIP release after ingestion of fat remains to be elucidated. The
reduced IR-GIP response to a test meal in patients with coeliac disease would
suggest that the rate of absorption of the nutrients is an important factor;
As yet, no significant reduction in the absolute number of GIP-producing cells
has been detected in biopsy samples from the jejunal mucosa of these subjecté

(Creutzfeldt et al, 1976).

The search for the duodenal féctor involved in a second humoral reflex dates
back to the wofk of Moore et al (1906). They were able to reiieve the glyco-
suria of patients with diabetes mellitus by orally administering an extract

of the duodenal mucosa. A hypoglycaemic fraction was separated from a crude
secretin preparation. It had no secretin-like effect on the exocrine pancreas
and was not insulin. This fraction was named "incretin" by La Barre (1932)
when he postulated a possible role for this duodenal factor in the treatment

of diabetes mellitus.

With the advent of the radioimmunoassay for plasma insulin (Yalow and Berson,

1958) it became possible to compare the IR- insulin response to glucose adminis-
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tered orally or intravenously (Elrick et al, 1964). The greater insulin
Aresponsetand!improvedlgluCOSé:tolerance.WhiChZQCCOmpaniediglucose administra-
tion by. the oral route'wasapbsfulaéedﬂﬁétbe due to theﬂteléaée,of some insulé—
tropic factor from the'dﬁ&denél—jejﬁﬁélumucosa_CMéIﬁtyre.étfal; 1965). This
postulatedlintestinally—mEdiatedﬂrégﬁlétion of endocrine pancreatic:function

. has been termed "the enteroinsular axis".

If a gastrointestinal polypeptide is to.be'Seriousl§'conSidered'aS'a candidate.
for the role of incretin in‘thié eﬁtérbinsﬁlar.reflei it must satisfy the
following criteria. Tt must be demonstrated that glucose is a stimulant for
its release. It should be shown that exogenous administration of this poly-
peétide, in doses achieving circulating immunoreactive levels within the
physiolégical range; administered in parallel with an intravenous' glucose

load, will mimic the pattern of serum IR- insulin release and glucose tolerance
observed after oral or duodenal administration of glucose alone. In light

of these requirgments mast of the established gastrointestinal peptides have
been ruled out as possible candidates. Secretin and cholecystokinin-
pancreozymin are not released by ingestion of glucose in physiologically
effective levels, as -demonstrated by the lack of effect on the exocrine
pancreas (Mahler and Weisberg, 1968) whilst only a slight elevation in:serum
IR- gastrin levels were observed (Rehfeld and Stadil, 1973). When gastrin,
secretin (Lerner and Porte, 1972) or the synthetic octapeptide of cholecystokinin-
pancreozymin (Frame et al, 1975) were infused'iptravenously, in conjunction
with intravenous‘glucose;'all three peptides produced a tramsitory, enhanced’
insulin.response;lcharacteristic of .the initial phase of insulin relaase. The
' .response Was.ovef'within-10#157min:.evenﬂwhén'the'polypéptide infusion was

continued.
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In 1973 ‘Dupre et al measured the IR= insu11n response in. normal volunteers

to. intravenous infusion of 0 5 g/min glucose alone, glucose infu31on with

the addition of 1_Pg/min:purevporcine'GIP:and GIP infusion»alone.lvThe
.addition;of'GIP.resulted"in'anienhanced"lR— insulin .response to the glucose
infusion;duriné-both'the’initial.phaSe;Of insulin release and the later sus-
tained phase, This same dose“of'GIP; without the'glucose;'had no insulino-
tfopiclaction. The levels -of circulating IR-GIP reached during this infusion
were comparable to those achieved in the same subjects after the ingestion

of 50 g glucose.” The efféct of endogenous GIP on insulin release in man was
- reported by Brown et al, (1975). The IR~ insulin response to intravenous

~ glucose was potentiated'by'GIP.releaSed*after7the‘ingestion of fat, in the

. form of a triglyceride'emulsion.'

Although GIP- mediated insulin release has been demonstrated in the fasted

- dog (Pederson' et al, 1975b) it is probable that the effective levels of
IR-éIP'achieved were pharmacological rather than physiological. In man,

some degree of hyperglycaemia was essential if physiological levels of GIP
were to be insulinotropic. Studies in' the isolated rat pancreas prepa-
ration have confirmed that GIP is capable of augmenting the sustained insulin
response to glucose, in a dose-related manner, (Pederson and Brown, 1976).
Their findings suggest that GIP is only effective as an insulinotropic agent
in the presence of a glucose concentration which is itself cspable of stimula-
ting jinsulin release from the pancreas. In. the presence of 8.9 mMglucose,
'GIP was effective in doses as.low as 1 ng/ml.perfusate:and.in.the'oresenCe
of a fiued"GIP:concentration:'iucfeeSing,gluCOSe:concentratiOns_stimulated

insulin release in an ‘exponential manner.
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GIP has also been shown to potentiate the insulin responsevtqvglugose in
the isolated rat pancreatié islétlpféparation,(Séhéuderﬂefial; 1975) at

- glucose.concentrations aboVé“a,threshold.level; which la&:betWeeﬁ'G—B mM.
The effective dose Qf GIP;ahOWeVéfl was. 10 ﬁg/ml incﬁbate at the lower

. glucose:COncentratiOn;,and l_ﬂg/ml.at the higher concentrations; The
reason fdr this much greater GIP feéﬁirément,in thié'preparation; compared
to that of the isolated pancreéS’or the intact'animal; is -not degradation
of GIP during the ihcubation.period: It is possible that eéposure of the
islets to collagenase and pancreaticvproteolytic enzymes;'during their iso-
lation, causes some alteration.to thelr membrane structure and reduces their
sensitivity to the ggtibn of GIP; An alternative e%planation is that GIP

requires the presence of some intermediate for full expression of its biolo-

. glcal potency and this substance has been destroyed or lost.in the isolation

criteria for its establishment as a major factor in the entero-insular axis.
Teleologically, it is desirable that GIP should have no insulinotropic action
in the fasted animal. It would be inappropriate for insulin to be released

when serum glucose levels were not elevated.

In 1973, Raptis et al reported that an intraduodenal infusion of a ﬁikture

of amino acids was a stimulamt for insulin release, whilst intravenous in-

fusion of these same acids was far less effective. This same intraduodenal

amino acid perfusate was found to be a stimulant for GIP release; whereas an
intravenous' infusion resulted in no.detectable IR~GIP production,.although the
serum d —amino nitrogen leyels . achieyed were much higher;.(Thomas.et al, 1976).
In this situation GIP was shoWn.t;:beLiﬁsﬁlinoﬁropic in the absence of measurable

- hyperglycaemia and the authors suggested that GIP will.also act to enhance the
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pancreatic insulin response in.the presence of hyperaminoacidaemia. However,
they did not:measure serum'IR- gastrin:leyels in this study and it is possible
-that the gastrin response.to:an amino acid-infusion would. contribute to the

insulinotropic response-.obseryed. after protein ingestion.

Evidence 'supporting the{c1éims=df'GIP to be.the3major.hﬁmoral factor in both
the enterOgaStréne and enterb—insﬁlér.reflé%és'is'gradﬁall§'aCCumulating: IR-
GIP released after ingestion of é‘miéedﬂméal demonstrated a biphasic pattern,
with the'early.peak'occurring appré%imately.45<min;;after ingestion of the

’ meal;‘and a second, more prolonged response being seen between 120-180 min.
(Brown et al, 1975). Ample evidence e%ists relating the initial response to
the -glucose content of thefmeal; correlating it with the increase in serum

~ glucose and the period just prior to the peak response of IR- insulin. The
second peak compares:well with the IR-GIP response to orally administered fat.
The GIP released by either fat or glﬁcosé appeared to be effective as an
enterogastrone or an insulinotropic agent. However, if the serum glucose and
IR-GIP levels achieved after oral glucose were duplicated by an intravenous

- 8lucose infusion with either intraduodenal fat infusion or intravenous

porcine GIP infusion, the IR- insulin response after fat was significantly
lower than that produced by either oral glucose or ekogenéus GIP, (Pederson

et al, 1975B). From the teleological angle it is desirable to have an immediate
insulin response to a carbohydrate-containing meal but it would be most inap-.
propriate for the gastric acid secretion to be inhibited this early in the
digestion of the meal. In light of these findings it séemed advisable to in-

. vestigate the nature of the IR-GIP released after these different stimuli.

The antiserum routinely used in thé GIP assay, Van 8,was:unable to differentiate.
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between the serum IR-GIP released by fat or glucose (Fig. 71) but if these
Same:Serum'Sampleslwere:Sﬁbjectedﬂto;cthmatography'onASephadei*G—SO, three

‘ regionS‘of‘immunoreaCtiVitf:were.deteete&“in.the“fractienscoﬁtained;1(Fig; 72
and Flg 73) (Dryburgh . and" Brown, 1976) . .The first region'(IR—GIP- ) eluted

in the void volume of the. column and was significantly dlmlnlshed if the

serum was'pretreated3by¥boilingior with'6.0M‘urea;;(Fig;f77) This would suggest
that GIPvo represented a COmple%ﬂfOrmed'b&'the non-specific binding of GIP

to a serUm'protein}.’A.seCOnd.region,corresponded to the elution pattern of

natural porcine GIP (GIP 0) and a third immunoreactive region eluted ahead

500
of the normal GIP-and was deteérmined to have a molecular weight of 7500-8000,

as -illustrated in Fig. 83. This form of IR-GIP was designated ProGIP. No
attempt has yet been made to-examine the relative ratios of GIon’ ProGIP

and GIP5000 in fasting serum. The early GIP response to either glucose or

fat was characterized by the proportions of the IR-GIP components bearing the

relationship GIP ) GIP5000 > ProGIP. As the stimulation was continued,

the percentage of GIon'remained relatively constant, whilst that of GIP5000

increased. Still later,the relative proportions of GIPgh00 and ProGIP were
reversed. An all studies, in man or dog, after glucose or fat, the percentage
of the total IR-GIP represented by ProGIP increased with increase in time after

the stimulus, as typified in Fig. 75.

Chromatography of partially purified extracts from the duodenal mucosa of

hogs demonstrated that they also contained IR—GIP in the ProGIP and GIP5000

forms. .The highest ratio of'ProGIP : GIP was found in the neutral soluble,

“5000-
methanol insoluble extract (Flg. 78) Attempts ‘'which have been made to purify

'ProGIP from this extract have not been successful .Rechromatography of

' material, ‘'supposedly . containing no: GIP ,‘resulted“in:approXimately’30% of

.theﬂtotal'IR4GIParec0vered.being in<the”GIP5000.fOrm5 as shown in Fig.82,
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indicating that ProGIP had yet:to:be.isolated in a stable:form. From its

behaviour on- CM—cellulose ProGIP was . determlned to be.less- basic than
IPSOOO;?CFlg.-SO). One mlghtiexpect a:functlonally different molecule

to be.more stable than ProGIP- has so. far proved to be. ‘It is possible that

this molecule represents' a precursor form of GIP . In .this case, the initial

5000
IR-GIP response to any stimulqumight then consist, predomlnantly, of already
pre-formed GIP5000 As the stimulus persisted the IR-GIP response would

- gradually change to contain increasing amounts of the precursor form, as the

preformed pool of GIP: diminished and. increased precursor was released as

5000 v
the synthesis of GIP accelerated. Bilosynthesis studies, with tritiated
amino -acids, would help to answer some of these questions about the .actual rate
of GIP synthesis, under various conditions, and might also elucidate the

- relationship between GIP .and ProGIP. An alternative explanation for this

5000
phenomenon might be that the different forms of IR-GIP are being produced by
different populations of APUD cells, spatially separated. This hypothesis would

* require that GIP ‘be synthesized and secreted by cells predominantly

5000
located in the upper region of the duodenum, whilst the ProGIP cells would -
be situated more distally. As the stomach contents pass into the upper

intestine they will initially stimulate primarily GIP containing cells.

5000~
Later this mixture of nutrients would come into contact with the lower, ProGIP-
producing cells. The biological poteﬁcy of ProGIP, relative to that of GIP5000

is difficult to estimate in view of the instability -of .the material.

A second unknown' factor is.the blolog;cal potency .of that proportion of the
total IR—GIP complexed to. serumaprotein...This.phenomenon'has.been.demonstrated
with other. polypeptlde hormones, €.8es gastrln (Yalow and Berson, -1972). and

insulin’(SfamakoVa‘etfal, 1975) . Thé?fﬁnction-of.this type'Of‘COmpleX'was
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studied by Simon and Antoniades (1975) They measured’ the transport of
.insulln across.the isolated rat mesentery, in the presence of ‘human serum-
bound insulin. They found‘that the insulin transport was: inhlbited in a
specific manner. One might extend this finding to postulate:that naturally-
lloccurrlng serum proteln/polypeptide complexes would limit the transport of
the.polypeptlde-across the membrane of the target cell or reduce its activity
at that membrane by competitively binding with the receptor sites thereon.

The complex might also act by sequestering, temporarlly, some of the poly—
peptide in the serum. "Blg big" gastrin was found to be a'major component

of the total IR- gastrin in..the fasting serum of'men, dogs and pigs. 1Its
release was not stimulated by feeding CYalow;‘l974): leading one to suspect
that it did not play an active'roleﬂin;thegastrin—mediated'acid response to
feeding. The existence of a'slmilar "big;'blg"‘insulin in normal subjects is
less well documented. It has, however, been demonstratednto comprise a large
percentage of the total IR- insulin in the fasting and stimulated serum in

. certain pathological. conditions, (not insulinomas). These patients have ex-
tremely high basal and stimulated IR- insulin levels but rarely experience
hypoglycaemic attacks after prolonged fasting or limited food intake. The

most common time for hypoglycaemia to occur in these subjects was a few hours
after a substantial meal. Sramkova et al (1975) postulated that these findings
could be accounted for if the IR~ insulin was predominantly in an inactive
form, the hypoglycaemic attacks being due to disruption of this complex and’
the liberation of the biologically active insulin after the stress;of the

1arge meal. 1In the light of these observation_s.,~ it was :postulated that GIPVo
is either‘biologically inactive'or;hasureduced'potenCy;, The'biological.actirity
of GIP would not . then correlate‘directly.to.the'total'IRﬁGIP.response'.meaSureof

Bearing .this in mind, the experiments performed by Pederson et'al, comparing
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vthe“IR—tinsulin.response:EéﬂmatcheaQSerUmxglucose’and'IRFGIP.levels,
.obtainedjby?variOuszmeans;ywere.éééoﬁsidéred: .The'peékklevéls1of'IR¥GIP and
.thé7inteérétéd‘inéulin rés?qnséfachiéﬁed}after'intfévenbuétglucose and porcine
: GIPIwere:arbitrarily'considéredlfo:beflooz of the possible response. The
variousfinGIP COmponentstofighéﬂtstal'IR—GIP response to oral fat were
detérmined'b&fcélumn thamatoéraphyland.were e%preSSedﬁés percentages of the
total'IRrGIP'resﬁOﬁSeJ ThE“inteérated'IR- insulin response achieved after
intravenous glucose. and oral fgt was éipréssed’as.g percentage of the integra-
ted . IR- insulin response obtained with iﬁfravénbus glucose and GIP. When
these values were plotted'in%his;oéram“fOrm (Fig;f84); the closest correlation
to the biological activity'(i:ea; the insulin response) was obtained by com-
bining the‘IRrGIPgaooténd iR*ffoGIP;Aand ignoring the IR—GIPVO'Component..
(Fig. 84)

The egistence of several molecular forms of IR-GIP cannot yet' account for the
apparently differemt functions of GIP,-i.e.; its initial incretin-like effect
and the later enteﬁogastroné effect. Anotﬁer, as -yet unekplained, phenomenon
is the reduced IR-GIP response stimulated by oral fét in the presence of an intra-
venous glucose infusion, compared to that produced by oral fat alone, (Crockett
et al, 1976). The answer to these problems may lie in a study of the other
humoral mechanisms acting at the same time, or_in the identification of some.
factor which-inhibits the actioﬁ of GIP at the level of either the parietal or
the pancreatic B ceils. The well documented effect of intravenously adminis-
tered somatostatin on thgjpancreatic.secretioni?f both insulin and glucagon in
"jiﬁg;_CAlberti,et'al; 1973 Mbrfimerletlal; 1974 : Koerkérlet.al; 1974) and
"iﬁiviééo;~(Geriéhlet.al; 1975).stiﬁﬁlé£éd interest'in.theﬂpbssible,effects of

somatostatin on. the insuliﬁ,response'to’GIPzand on GIP release after physiolo-
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Fig. 84 The insulin response and serum IR-GIP levels associated
with that response, showing the relative proportions of the
different heterologues of IR-GIP. The serum glucose and
IR-GIP levels were comparable after .(A) i.v. glucose and i.v.
GIP infusions (considefed as producing 100% of the possible

response) and (B) i.v. glucose and oral fat administration.
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_ gical.stimulétion; 'Somatéstatin'was.administered'as a bolus.injection,.
'immediatelY'priorAto.th§7e%0géﬁ6ﬁscédﬁiﬁiétration,of énAintrévenOus GIP in-
:fusion;unOrmally insulinotropié‘in.fﬁé'fésted'dﬁg (PéderSOﬁ etlal; 1975).

: The'insulih.response Was.déléyéd'énd th;‘SerUm glucose values measured re-
flected this insulin inhibitiéﬁ; és:shoWﬁ.in Fig:l631 The effect of a bolus
injection of the'synthétic.statostatin was to délay;the.release of IR-GIP,
stimulated by either oral glucose or fat: In the'éase,of.the studies with

oral glucose the insulin.responsé was aléo delayed (Fig. 60 and Fig; 62).

If the somatostatin was administered as an infusion, the IR~GIP and IR~

insulin responses were delayed until the end of that infusion.

The IR-GIP response was also diminished; when compared to the control values
achievea after oral glucose alone;. The insulin response, however, re-

bounded to values "significantly above the control values, a pheriomenon not
explicable in terms of the prevailing serum glﬁcose levels (Fig. 61). A
similar rebound response of insulin was observed by Mortimer et al, (1974) and
the same phenomenon was observed with'gastrin (Bloom et al, 1974), when an
infusion of somatostatin, administered during the ingestion of a provacative
meal, was terminated. Somatostatin, therefore, appears to block the'endogepous
release of GIP and also to inhibit the action of.circulating GIP.at the level of

the. cell.

_The.effect of somatostatin. on. GIP- mediated gastric acid.inhibition has not
.been'ex;ﬁinedﬂbutﬁthe;presénée of Somatosteténrcontaining cells in the gastric
' ‘mucosa has.beenédequstratgd;b§ Dﬁbois‘(1975). It would nét.be'ﬁnexpected.if
intravenous infusion‘of'Somatostatiﬁ;w;s.éiéo.found tb'haVe a modulating inf-

- .luence .on the .response of the parietal cell to endogenous GIP. The:possibility

should be considered that the'disparate'actions'of GIP on the gastric parietal
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and pancreaticficell'are beinglinfluenCedlseparately by somatostatin of
gastric:and-pancreatic- origin respectivelyA TheﬂstimulﬁSafor,'and.the’timev'
. .of release of the peptide- from these: dlfferent reglons need not be identical.
No information is‘availableiaboutathelendogenOuS.releaSe;Of SOﬁatostatin at
.the‘preseﬁtVtime;i

4 ) oL _
Theﬂpossibilityfthat,SOme“inhibitory,?eedbaCR meghegism“existed between,the
. endocrine éaperees and GIP.releaSeme;Jsuggested'by the observation that
‘subjects with maturity onset'diabeteeje%hibited an abnormally elevated IR~
- GIP response to oral glucose‘Or fat:- The inhibitory factors implicated were.
insulin, glucagon or ‘the degree of hyperglycaemia achieved When an insulin
injection was administered to normal human volunteers, the serum glucose levels
being clamped in the fasting range;'the IRrGIé response to fat ingestion was
significantly less than that observed in the control situation. The time
course of the peak serum IR- insullin response did not, however, correlate
well with the IRrGIP‘depression (Brown et al, 1975). It would have been pre-

ferable if the insulin had been given as an infusion rather than a bolus in-

jection.

Ebert et al (1976) infused glucagon intravenously for 2 hours during the in-
~gestion of a provocative test meal and recorded a siénificant depression of
the'IRrGIPvresponse; This effect could not have been due to the insulin
released, there being no significant diffevenCe ini'the circulating IR- insulin
© response to the'teSttmeal; whether'theiglueagon,was.being infused or not.

. .The’ hyperglycaemia stimulated by.the glucagon was also unlikely.to be the

- modulating. 1nfluence.' Diabetics. with signlflcantly higher levels of serum
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‘ glucosetdemonstrate‘an'e%ngééfated“GIP:reéponse to:the‘éané:challenge. In
normal subjects; theﬂevidénCéTsn“fnréacnnmulated;.reéafdiné»éndocrine pancre-~
atic control of GIP releangtin:mngﬁ.perénasive with respect to glunagon.
‘Creutzféldi'and Ebert (1976)?thé.alsn confirmed the inhibitory effect of

somatostatin on.GIP release and GIP-mediated response in man.,

Further information about:theVmechanism'of the action of GIP and its control
was obtained from studies performed in subjects with abnormal digestive
metabolism, or who had undergone gastrointestinal surgery; The stimulated
IR-GIP response was significantly reduced in patients With.coeliac disease,
with a concomitant reduction in the IR- insulin response (Creutzfeldt et

al, 1976). The most likely cause of the diminished GIP outnut is the
defective absorption of nutrients; symptomatic of this disorder. Creutzfeldt
and Ebert (1976) studied the importance of adequate nutrient absorption in
rats, by comparing their IR-GIP response to glucose, administered with or
without phlorizin. The addition of the phiorizin virtually abolished the
release.of IR-GIP. An alternative enplanation for the low GIP levels measured
is the possibility that the absolute number of GIP—prodncing cells nas been
reducedbnénnuné of tne villous.atrophy, characteristic of coeliac disease.

The majority of the GIP cells are found, however, in the crypts of the intes-
tinal mucosa and villous'atrophy would probably result in only an insignificant

reduction in the GIP cell population..

~ Exaggerated GIP'responses‘to stimulation by a mixed meal were observed after
any surglcal procedure which. resulted in accelerated gastric ‘emptying (dumping)
e.g., gastrojeJunostomy or: vagotomy and pyloroplasty ‘This mechanism has also

been put.forward to exPlain the'eleVated”IRrGIP levelé:meaSured in duodenal
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. ulcer patients kCreutzfeidt;enduEbert;xl976) . A similar:elevation in
.stimulated’ IR—GIP 1eve1s was . the general rule in chronic- pancreatltlcs;
.p0351b1y due to the 1oss of some feedback control by glucagon or insulin (Botha

: et,al,:l976 7 .Ebert et al 1976) The ‘most marked IR-GIP response, however,
was' observed in patlents with: moderate hypoinsullnaemla; whereas . those with

.severe:lnsulln.depre351on:had'an IR~GIP response which approached the normal
Values; This apparent'anomaly.is‘probably due to a combination of factors;

affecting the release of GIP in different'ways; The lack of insulin would
lead tO'en overproduction of GIP but the associated’gross e%ocrine pancreatic
deficiencey would result in an. abnormal fet'metabolism; leading to malabsor-.
ption of fat (with associlated!steatorrhea) and a reduction in the release of

IR~GIP. The relative hyperglucagonaemia, reportedly occurring in severe cases:
of chronic pancreatitis  (Kalk et al, 1974) could also contribute to the re-
duction in the GIP response. ~In the final outcome these factors would balance
each other, and the IR-GIP response would appear to'be fairly normal. The
further e#aggeration in the levels of IR-GIP released after a partial duodeno-

pancreatectomy would result from the accelerated rate of gastric empt;ing,

following surgical interference.

The situation, in the cases of maturity onset diabetes (Brown et al, 1975) and
obesity (Ebert et al, 1977) is slightly different. 1In these situations the
GIP response to a test meal is abnormally high, in the presence of relatively
high insulin levels. The’insulin.deficiency may be regarded as functional

- rather than absolute, the’ GIP-producing cell belng unresponslve to the inhi-
bltory.actlon of that 1nsu11n.. ‘The' posslblllty ex1sts, and should be investi-
gated, that .this lack of. sensit1v1ty to.the insulin may .be:due.to high. percen-

tage of the total IR-insulin measured belng in the form of: the relatlvely
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inacti&e'proinsulin.. -This" 1nsen31t1v1ty would appear to:.be.reversible,

by sulphonylureas in. the dlabetics or by. dlet—medlated Weight reduction

in the obese:subjects.:

In all: the prev1ously mentloned abnermal . condltlons, only :the stlmulated

IR+GIP levels were. abnormal "In. juvenlle onset dlabetes the fasting IR-GIP

levels were in-e%CeSS'of 1 ng/m1; The*fasting IR~GIP levels in.the obese
subjects, after'prolongedﬁstarvation; approach this value. Both these situa-
tlons are characterized by 1nsu11n deficiency and ‘a high level of circula-

ting ketone bodies. Treatment with insulin .or f00d; respectively;.reverses
Both these symptoms and reduces“the”IR-GIP‘output; The role of hyperketonaemia

‘in.the control of GIP release:requires further investigation.

In summary, several factors have been implicated in the regulation of GIP
preduction."The'response of the GIP cell may be depressed by glucagon, insulin,
somatostatin or a reduction in the absorption of nutrients. The IR-GIP

output would appear to be increased by surgical disruption of gaetrointestinal

continuity, absolute or functional deficiency in insulin or glucagon and

possibly by the presence of elevated levels of ketone bodies in the circulation.

If the GIP release is being inhibited by»some endocrine pancreatic factor,
either insulin or glucagon, this could eéplain'the‘reduced IR-GIP response

to oral fat in the7presenCe‘of'an intravenous glucose infusion, relative to

that response observed when fat was administered alone and there was no pancre-
atic stimulation. It cohid‘alse’acchnt.for the'factlthatftheJIRéGIPvresponse
to an intraduodenal infusion: of glucose is not . only. delayed ‘but is- also diminis-
- ‘hed .when it is preceded by a somatostatin 1nfu31on.A.As.shown'1n Flg.’62,

the IR-insulin response rebounded to' levels significantly above . .the control
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values :at the*termination of.thelSQmatostatin infusion and this could be
' respon51ble for the reductlen in: the GIP. response; It:ieiiﬁteresting,to
speculate:.whether hyperlnsulinaemla or’ hyperglucagonaemla might not only
.-effect.ahEinhibition-of'IRéGIPireleaSeubut.also inhibit .the activity of’
acireuLetingiGIP.at.theﬂletel}of:the's cell (cf Somatostatin);
Another facet of the rOle.pleyed'bylGIP'in carbohydraté-metabolism is illus-
'trated'in,obeSity: The observation .that complete starvation or a low caloric
diet resulted in an .eventual decrease in.both the IR-GIP and IR- insulin
responses in obese individuals.suggested'that carbdhydrate'intake played a
role in regulation of the sensitivity of the GIP- producing.cell. It ie
also possible that’ the number of GIP cells is ' controlled by the nature of
the diet. If this is so;‘one mig;t question if any pathological condition,
‘characterized by malabsorption of nutrients (e:g;, coeliac disease) might
7 ﬁot also‘result in a reduction of the absolute number of GIP- producing

cells, which would contribute to the reduction in IR-GIP output observed in

this circumstance. (see page 243).

GIP alone was found to have a weak lipolytic effect on isolated rat adipocytes,
but GiP, administered in conjunction with glucagon, was found to be strongly
antilipolytic. It was.possible to block the lipolytic action of glucagon end
to displace glucagon from its binding sites on the adipocyte plasma membrane:
by the addition of GIP to the incubate.(Dupre et al, 1976 K Ebert and Brown,
1977). GIP was, hOWever, much less effective in antagonizing the lipolytic
‘action of secretin, and was. 1neffectxve against adrenocortlcotrophlc hormone '
.(ACTH), adrenallne, noradrenallne -and theophylllne.A ObeSity"is a'pathological

condition of many aetlologles, but an 1mpalred carbohydrate .metabolism, .



~.resulting: in or from
obesity -directly via

ted insulin.response

The status . of GIP as
appear to be that of

metabolism. This is

an incréased’ carbohydrate intake, is-likely.to produce

‘the"elevated GIP: response and indirectly via the eleva~-

induced’ by: GIP.

a hormone:is established. TIts predominant role would

-the major -gastreintestinal regulator of carbohydrate

supported by the altered IR-~GIP response measured in

clinical conditions'related to' impaired carbohydrate metabolism. GIP also

plays a part.in controlling.the secretory and motor activity of the stomach

in dogs and probably

in man, but the clinical evidence for GIP involvement

in hypersecretory conditions, e.g. duodenal ulcer and Zollinger-Ellison

syndrome,otrthechyposecretory states, e.g., Werner-Morrison syndrome and .

achlorhydrid, is virtually nen-existent. In all the pathological conditions:

so far investigated,

abnormal GIP responses are symptomatic, rather‘phén

causative, of the disorder.
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