SUBSTRATE METABOLISM AND ACID SECRETION IN THE

RAT

STOMACH.

by

Neil Grant Anderson

A thesis submitted for the degree of

Doctor of Philosophy

The University of Aston in Birmingham

October, 1984



The University of Aston in Birmingham
Substrate metabolism and acid secretion by the rat stomach.
by Neil Grant Anderson
A thesis submitted for the degree of Doctor of Philosophy.

1984

SUMMARY

The aim of this work was, firstly, to identify which
substrates could support acid secretion by rat parietal
cells and secondly, to investigate the intracellular
events involved in stimulus transduction in rat parietal
cells.

A technique was developed which enabled satisfactory
measurements of arteriovenous differences across the rat
stomach in vivo. Glucose, E—3-hydroxybutyrate and
branched-chain amino acids were taken up by the stomach
wall under control and acid-secreting (pentagastrin-
stimulated) conditions. The pattern of substrate metab-
olism appeared unaffected by stimulation of acid secretion.

Fractions of viable gastric cells containing ~20%
parietal cells were isolated and were responsive to
stimulation by secretagogues as judged by an increase in
accumulation of the weak base aminopyrine, in acidic spaces
within the cells. The parietal cell content could be
enriched to ~77% by density gradient centrifugation in
Percoll with retention of responsiveness to secretagogues.

Parietal cells appeared to possess stores of endokenous
substrate which could be utilised to provide energy for
acid secretion. Alone, and at physiological concentrations,
glucose, oleate, lactate, 2—3-hydroxybutyrate, isoleucine,
acetoacetate and valine supported acid secretion by
parietal cells, as judged by their stimulation of
aminopyrine accumulation. At higher concentrations,
acetate, butyrate and leucine, but not glutamine, could
also support acid secretion. The maximally effective
concentration of glucose did not support maximal rates of
acid secretion, probably because, in vivo, parietal cells
derive energy from more than one substrate. Data from
studies in vivo and in vitro suggested that metabolism of
glucose, 2—3—hydroxybutyrate and isoleucine is important
in supporting acid secretion in vivo.

The tumour-promoting phorbol ester, 12-0-tetradecanoyl-
phorbol-13-acetate (TPA), inhibited acid secretion by
parietal cells stimulated with histamine and
isobutylmethylxanthine or dibutyrylcyclic AMP. Action of
TPA did not involve production of prostaglandins nor
release of somatostatin but could have been mediated by
activation of calcium-sensitive, phospholipid*dependent
protein kinase (protein kinase &4 N

Key words: stomach. acid secretion. parietal cell.
metabolism. phorbol esters.
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The following represents a list of non-standard

abbreviations used throughout this work.

cAMP cyclic AMP

concn. concentration

dbcAMP dibutyryl cyclic AMP

: il 0 ~ internal diameter

IMX 3-isobutyl-1l-methylxanthine
o S5+ O outside diameter

O standard deviation

S.E.M. standard error of mean

V-A venous-arterial

CONVENTIONS

The following convention was used throughout this work,

Where values are quoted as a + b (c), this refers to
the mean + SEM, with the number of experiments in

brackets.
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INTRODUCTION




1. INTRODUCTION

This work is concerned with two aspects of the
biochemistry and physiology of the parietal cell. Firstly,
studies have been performed with both the stomach in vivo
and isolated parietal cells in vitro in an attempt to
eludicate the substrate-dependency of acid secretion. Thus,
the aim of the first part of this work was to identify
which substrates were best able to provide, via their
metabolism, the quantities of energy required by the acid-

secreting parietal cell.

The second section is concerned with an investigation of
an aspect of the intracellular events mediating acid
secretion in the parietal cells. In particular,
experiments have been performed to investigate the putative
role of the calcium-sensitive, phospholipid-dependent

protein kinase (protein kinase C) in this process.

1.1 BASIC PHYSIOLOGY OF THE RAT GASTRIC PARIETAL CELL.

1.1.1 Location in the Gastric Mucosa.

The stomach of most non-ruminant mammals, including
the rat, is a single-chambered organ broadly consisting
of a non-glandular region involved primarily in the
secretion of mucus, and a glandular portion which is
divided by an ill-defined line into the lower third
proximal to the duodenum, the antrum, and the upper two-
thirds, referred to here as the fundus. The antrum is
predominantly populated with G-cells which secrete gastrin
while the fundus is the region where most of the acid-
secreting parietal cells and pepsinogen-secreting chief

cells are located. The epithelium of the gastric fundus



is a single layer of various cell types which is highly
involuted forming glands buried in the stomach wall. The
glands are connected with the gastric lumen through gastric
pits, and rore than one gland may be associated with one pit.
These infoldings effectively increase the surface of the
gastric mucosa 20-fold. A typical gland of the fundic
mucosa is shown diagramatically in Fig. : Rpgh Ll Both

parietal cells and chief cells tend to be located towards
the lower-half of the glands. There are several other cell
types which may be found in the glands of the gastric
fundus (Table 1.1) although there are some species
variations, the major difference being in the nature of

the cells associated with storage of histamine (Soll et
al., 1981), and the site of production of intrinsic factor

(Donaldson, 1981).

sl A8 Morphology .

The mammalian parietal cell is oval to pyramidal in form
with a diameter, at its widest point, up to 25 um. It is
jnserted into the gastric gland so that the basolateral
surface extends out from the wall of the cylindrical gland.
Parietal cells are probably the most distinctive cell type
in the stomach, in that they possess large concentric nuclei
and a large number of mitochondria which account for about
34% of the cell volume (Helander & Hirschowitz, 1972) .
Perhaps the most striking features of the cell are the pres-
ence of intracellular canaliculi, when the cell has been
stimulated to secrete acid by secretagogues. These are a
network of canals generally situated near the apical side
pbut which may extend into the basal cytoplasm and encircle

the nucleus (Fig 1.2). Under the electron microscope the
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Table 1.1 Cell

Types in regions

of the mammalian stomach.

Region

Cell-type

Function/secretory
product

non-glandular

fundus

antrum

surface mucous

undifferentiated

mucous

Surface mucous
mucous neck
parietal

chief

A-cell

G-cell

mast i <
argyrophil
D-cell

surface mucous
parietal
G-cell

D-cell

mucus, HCO3~
cell renewal

mucus, HCOg3~

cell renewal

HC1l, intrinsic factor*
pepsinogen
enteroglucagon

gastrin

histamine, serotonin
secretin (?)
somatostatin

mucus, HCO3
HC1

gastrin
somatostatin

* In the rat,
secreted by chi

C In the rat,

intrinsic factor,

ef cells,.

histamine, but not serotonin,

but not HCl, is

is stored

and released by enterochromaffin-like cells.



canaliculi are seen to possess microvilli, structures

important in parietal cell function (see below). The

other functionally important structures are the tubulovesicles,
present in large numbers towards the apical pole of the

resting parietal cell.

1.1.3. Stimulation of Acid Secretion.

Stimulation of acid secretion, in vivo, is under tri-phasic
control. The cephalic phase is that gastric secretion
evoked by messages acting on the central nervous system and
is mediated via the vagus nerves. Initiators of the
cephalic phase normally include the sight or smell of food
and the presence of food in the mouth. The gastric phase
of acid secretion results from stimuli acéting in the
stomach. Distention of the stomach wall results in
stimulation of parietal cells and G-cells via vagovagal and
intramural reflexes (Grossman, 1981). The promotion of
gastrin release from G-cells by calcium ions and peptides,
or by certain aromatic or long-chain aliphatic amino acids
(Lichtenberger et al., 1982), also appear to initiate acid
secretion. The intestinal phase occurs via distention, and
the presence of amino acids and peptides in the small
intestine and may be mediated by the stimulation of the
release of an as yet unidentified hormone which may act
directly or indirectly on the parietal cell (Grossman, 1981).
The mechanism by which these stimulatory pathways finally

mediate parietal cell function is discussed in 1.1.3.2.

= s M b 00 T Ultrastructural changes.

The ultrastructural appearance of the parietal cell



undergoes large changes from rest to active acid secretion
(Forte et al., 1981). Upon stimulation, the numerous
tubulovesicles are greatly reduced in number and are
replaced by an expansion of the intracellular canaliculi
from the surface of which project long microvilli (Fig 1.2).
The apical membrane, as a result of this change, is amplified,
in terms of suriace area, by a factor of 10. Membrane freeze-
fracture studies (Forte et al., 1981) suggest that the
expanded surface is derived from fusion of the cytoplasmic
tubulovesicular membranes with the existing limited apical
surface. Also, studies using monoclonal antibodies to the
H* + Kt ATPase (which is involved in the unidirectional
pumping of protons across the secretory membranes of parietal
cells; see 1.2.1) suggest tubulovesicles are precursors of
the secretory canaliculi for such antibodies selectively
label the tubulovesicles of resting parietal cells and the
microvilli of the secretory canaliculi of secreting cells
(Smolka et al., 1983). An alternative hypothesis has been
proposed to explain the transformation process (Berglindh,
1984) . This suggests that the tubulovesicles, seen in
resting cells, are really collapsed secretory channels
which expand osmotically upon stimulation. Accumulation of
HC1 within the tubulovesicles and the pumping of K+ into the
cytoplasm leads to an increased osmolarity in the acid-
containing space which in turn draws in excess water and
increases the volume of the space.

Whatever the mechanism, the ultrastructural changes take
place fairly rapidly after stimulation of the cell by acid

secretagogues (Forte et al ., 883y, Within 3 minutes a
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distinct increase in the length of microvilli is observed,
concomitant with a reduction in tke number of tubulovesicles.
Within 30 minutes, when acid secretion has reached a
steady-state the membrane expansion process is complete -

the canaliculi are replete with numerous long processes

and few tubulovesicles are present within the cytoplasm.

1.1.3.2. Secretory response to stimuli.

Acid secretion is influenced by endocrine, neurocrine,
and paracrine effectors. Three substances found in the
body are capable of acting directly or indirectly to
induce acid secretion by the parietal cell. These are
gastrin, acetylcholine and histamine and all use one
of the three modes to deliver chemical messages to the
parietal cell. The hormone gastrin is released from the
G-cells of the antral mucosa and the first part of the
duodenum into the blood and directly activates the
parietal cell (dog) or causes the release of histamine
from endocrine cells (rabbit) (Berglindh, 1984). In the
rat, gastrin appears to cause release of histamine from
enterochromaffin - like cells (Hakanson et al., 1974),
but whether gastrin receptors exist on the parietal cells
is not known. Neurocrine stimulation of acid secretion
occurs via acetylcholine which is released at or near the
parietal cell by postganglionic neurons. Histamine
(paracrine) is released from mast-like cells, or in the
rat, enterochromaffin-like cells (Soll et al., 1881) in
the lamina propria of the fundic mucosa into the
extracellular fluid through which it diffuses to the
adjacent parietal cells.

Evidence that the three substances participate in the

10



physiological regulation of gastric acid secretion has
been derived from the use of specific antagonists, at
least for acetylcholine and histamine. Thus, muscarinic

antagonists such as atropine and histamine Hz-antagonists

such as cimetidine both strongly inhibit all the physiologi-
cal features of acid secr2tion including basal secretion

and the response to a meal (Sachs & Berglindh, 1981).

The physiological role of gastrin has been demonstrated

by showing that gastric acid secretion takes place as a
result of the infusion of gastrin into the bloodstream

to a concentration similar to that observed during a meal
(Feldman et al., 1977).

Potentiation among parietal cell stimulants appears to
occur in vivo i.e. when two stimulants act simultaneously,
the response is greater than the sum of the individual
responses (Grossman, 1967). Much of the information on
the way in which secretagogues cause stimulation and
interact with each other has been derived from studies
with isolated parietal cells from various species, and

this will be reviewed briefly in section 1.3.

1.1.4. Inhibition of acid secretion.

A variety of agents are known to inhibit acid secretion
including somatostatin, prostaglandins, gastric inhibitory
polypeptide, secretin, glucagon, vasoactive intestinal
polypeptide and cholecystokinin (Schepp et al., 1983a;
Gespach et al., 1982). Physiological roles for some of
these substances are unlikely since, for example, secretin
and cholecystokinin do not cause inhibition at concentrations
known to be physiological (Schepp et al., 1983a). However,
convincing evidence has been produced suggesting that

13



inhibition caused by somatostatin and prostaglandins are
physiological effects. Somatostatin is released from
D-cells in gastric glands and these cells possess
projections which often end on parietal cells (Larsson

et al., 1979), and somatostatin, at physiological
concentrations, inhibits acid secretion by rabbit parietal
cells stimulated by histamine (Chew, 1983).

Acid secretion by isolated canine parietal cells was
inhibited by both endogenously synthesised and exogenously
added prostaglandins (Skoglund et al., 1982), indicating
a direct action on parietal cells, but prostaglandins
may also act indirectly. Thus, although infusion of pros-
taglandins, into the canine gastric artery potently
inhibits gastric acid secretion (Gerkens et al., 1978),
the effect could be related to the influence by
prostaglandins on mucosal blood flow on which gastric

acid secretion is dependent.

1.2, ENERGY SOURCE FOR ACID SECRETION

1.2.1. Primary Source of Energy.

Parietal cells are capable of generating a 106-fo1ld
H* gradient across their secretory membrane with luminal
pH values of around 0.8 achieved during maximal acid
secretion (Berglindh et al., 1980a). The primary source
of energy for the active transport of protons has been
considered to be derived from one of two mechanisms. The
'redox' hypothesis (Hersey, 1974), states that energy is
provided directly in response to exogenous stimulation
and cellular metabolism is associated with a reduction of
respiratory chain components. Hydrogen ions are then
delivered to the secretory surface via reduced pyridine

12



nucleotide (Fig 1.3). Data showing the absolute 02
dependence of acid secretion in amphibian mucosa (Hersey,
1974) and a maximum H* : O ratio of 2 in dogs (Moody,
1968) provide some support for this mechanism

The alternative hypothesis, now more widely accepted,
cites ATP as the sole primary source of energy for acid
secretion. Hydrolysis of ATP by an H* + Kt ATPase located
on the membranes of secretory components of the parietal
cell (Smolka et al., 1983) results in the vectorial
transport of protons across the membrane in exchange for
K* (Fig 1.4). Exogenous ATP restores the acid—secretory
response of permeabilised rabbit gastric glands to sec-
retagogues in the presence of a high K*¥ concentration
(Berglindh et al., 1980) and vesicles isolated from
parietal cells (which are mainly orientated with
cytosolic face on the outside) accumulate H* by means of
a Kt - HY exchange pump mechanism requiring intravesicular
K* (Saccomani et al., 1977). Thus, although it seems
likely that proton transport occurs as a result of
ATPase activity, the possibility that a form of redox
component exists distal to the H* pumping site has not
been discarded. Indeed there have been proposals
(Sachs et al., 1978) suggesting that cell metabolism
may provide some Ht from reduced pyridine nucleotides,
the HY then being transported by energy derived from

ATP hydrolysis.

1.2.2. Substrate Metabolism

I1f, as seems likely, the acid-secreting parietal cell

hydrolyses large amounts of ATP during transport of protons

13
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across its secretory membranes, a continuous supply of ATP
must be maintained. Endogenous ATP and creatine phosphate
levels could not support maximal acid secretion for longer
than a few seconds without replenishment of the high
energy phosphate, and moreover, the phosphorylation
potential (ATP/ADP + Pj) in frog gastric mucosa in vitro
(Durbin et al., 1974) and in parietal cell-enriched
biopsies from dog gastric mucosa in vivo (Sarau et al.,
1975) éhows little change at the onset of acid secretion.
The high mitochondrial content of parietal cells, and the
fact that acid secretion is absolutely dependent on oxygen
(Davenport & Chavre, 1950), suggests much energy is derived
from oxidative phosphorylation, but there is still
controversy as to which substrates are metabolised by
parietal cells to provide energy.

It is important to identify substrates supporting acid
secretion and to assess their metabolism in parietal cells
since the metabolism of particular substrates may be
intrinsically associated with the acid-secretory process
(Sernka & Harris, 1972; Hersey, 1977). If the onset of
acid secretion is associated with increased parietal cell
metabolism, then it is also possible that the pattern of
metabolism may change. This could be due to direct action
of secretagogues on the metabolism of certain substrates,
by increasing their transport into the cell or by
activation of key catabolic enzymes. In amphibian gastric

mucosa, secretagogues appeared to cause reduction of

cytochromes by mobilisation of endogenous substrate,

before secretion of acid (Hersey, 1974). In dog

16



gastric mucosa in vivo, increased substrate metabolism
accompanies acid secretion (Sarau et al., 1977) and
maximal acid secretion by piglet gastric mucosa is
dependent on a supply of exogenous substrate (Forte
et al., 1980), as is that by rabbit gastric glands
(Hersey, 1981). However, if metabolism of particular
substrates is related to the acid-secretory process,
then there is still controversy as to which substrates
these are.

A detailed review of the substrate-dependency of
acid secretion is described in 5.1.2, but may be
summarised. Thus, there appears to be differences
between the amphibian and mammalian stomach and this is
perhaps expected given the differences in the dietary habits
of amphibians and mammals. In the amphibian there is a
general concensus that lipid-derived substrates, such as
butyrate, are better able to support acid secretion than
carbohydrate fuels (Alonso et al., 1967; Hersey, 1977).
In mammals there have been conflicting results, and this
may be caused by several factors. Comparisons have been
made between rabbits (herbivorous), dogs (carnivorous)
and piglets (omnivorous). Developmental status may also
be a factor in the substrate preference of the acid-
secreting stomach. Therefore a comparison between the
substrate-dependency of acid secretion in neonatal piglet
gastric mucosa (Forte et al., 1980) with that inm, for
example, mature rabbit gastric glands (Hersey, 1981)
may not be valid. If the objective of such studies is
ultimately to identify the substrate-dependency of acid
secretion in the human adult stomach, then it would

probably be better to use a mature animal whose dietary

17



habits more closely resemble that of man. Such an animal
is the rat, which has the added advantage of low purchasing
and maintenance costs and for these reasons, this animal
will be used in these studies. However, it should be
pointed out that the physiology of the rat stomach does
not entirely mirror that of the human, and some of the
differences known to exist have been mentioned (1.1.1).
Another problem with previous studies on the substrate-
dependency of acid secretion has been the tendency by most
workers to test substrates alone and at concentrations
above those which are normally presented to the parietal
cell in vivo. Therefore, this study will attempt to
elucidate the substrate-dependency of acid secretion by
examining the situation as far as possible in vivo
before testing individual substrates at physiological

concentrations with an isolated cell system in vitro.

Ultimately it is intended to answer the questions,

"Does the process of acid secretion by the rat stomach
derive energy from the metabolism of any particular
substrate or group of substrates and if this is the case

what are these substrates?”

1.3 STIMULUS-SECRETION COUPLING IN THE PARIETAL CELL

1.3.1. Receptors.

The use of receptor antagonists has demonstrated the
existence of histamine and cholinergic receptors on
parietal cells (Soll, 1978; S0, 19B0Y . Dissociation
constants for cimetidine inhibition of histamine action
and for atropine inhibition of carbachol action indicate

the parietal cell possesses typical Hp-histamine and

18



muscarinic receptors. The fact that neither of these
inhibitors blocks the action of gastrin (Soll, 1982),
suggests the existence of specific gastrin receptors

on canine parietal cells. Although no specific anta-
gonists to gastrin are available, work with radioiodinated
gastrin strongly suggests that gastrin receptors exist on
canine parietal cells and have a specific role in mediating
acid secretion (Rutten & So0ll, 1981}, The above work, with
isolated canine parietal cells, has led to a fairly
comprehensive understanding of hormonal interaction with
parietal cells, although there is a possibility that
differences exist in other species. For example, no data
appears to be available on stimulation of rat parietal cells
by gastrin, and the response of parietal cells from

different species to carbachol may differ (Soll, 1981a).

1.8.2. Stinmulus Transduction.

The effect of a hormone binding to its receptor is
eventually to change the concentration of a second
messenger in the target cell. Two types of second
messenger, namely cAMP and Caz+, appear to be important
in stimulation of parietal cells. The effect of histamine
binding to Hg-receptors and raising intracellular cAMP
levels is well-established (Soll & Wollim, 1979) and
this presumably occurs via activation of adenylate
cvyclazse closely associated with the receptor protein in
the plasma membrane. Indeed the activity of adenylate
cyclase in parietal cells is correlated with acid
secretion (Scholes et al., 1976) and acid secretion is
stimulated by inhibitors of phosphodiesterase, the enzyme

catalysing the breakdown of cAMP, (Fromm et al . ; 1975)5
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Changes in cAMP levels would appear to be related to
parietal cell functioning since the stable analogue of
cAMP, dibutyrylcAMP, stimulates 0p consumption, amino-
pyrine accumulation and morphological transformation in
parietal cells (Soll & Wollin, 1979; Soll, 1980, Micheala-
ngeli, 1976). However, the mechanism by which cAMP mediates
the characteristic responses of the parietal cell to
histaminergic stimulation remains to be established,
although it was shown recently that histamine-induced
stimulus-secretion coupling in parietal cells involves
activation of cAMP-dependent protein kinases (Jackson

& Sachs, 1982).

Neither carbachol nor gastrin has been shown to activate
gastric adenylate cyclase or to affect cAMP levels in
either unstimulated or histamine-stimulated parietal cells
(Soll & Wollin, 1979), and therefore their second messengers
are thought to be different from that of histamine. Thus,
stimulation of parietal cells by acetylcholine may elevate
cytosolic Ca2*levels. Stimulation of canine parietal cells
with carbachol was highly dependent upon the concentration
of extracellular calcium and also caused %%Ca2* uptake by
the cells (Soll, 1981b). Work with the flourescent CaZ2*
indicator, Quin 2, also indicates that carbachcl raises
intracellular levels of Ca2?+* by stimulating Ca2+ influx
across the cell membrane of rabbit parietal cells (Sachs,
1984) . Gastrin also appears to influence Ca2+ levels in
the parietal cell, but its action may involve mobilisation
of intracellular pools of ca2+, Thus, gastrin raises
intracellular Ca2*in rabbit parietal cells, as indicated
with Quin 2, but the effect, although dependent on the
presence of extracellular Ca2+*, is not inhibited by

lanthanum ions (Sachs, 1984).



The mechanism by which histamrine, acetylcholine and
gastrin act synergistically to stimulate acid secretion

both in vivo and in vitro (Soll, 1981) remains to be

established. However it seems likely that the point or
points of synergism occur distal to the production of
second messenger, since histamine does not alter
intracellular ca2+ (Sachs, 1984) and carbachol has no
effect on the stimulation of cAMP by histamine (Soll,1981b).

The ultimate target of the second messengers is to'
switch on the process of acid secretion i.e. membrane
rearrangement and the pumping of protons across secretory
surfaces. Work with vesicles isolated from resting and
stimulated rabbit fundic mucosa has shown that stimulated
vesicles possess K* permeability whereas control vesicles
require the presence of valinomycin for K* transport,
(Wolosin & Forte, 1982). Thus, the ultimate target of
one or both second messengers may be to alter the per-
meability of the secretory membrane to K* and activate
the KT + Ht ATPase (Fig 1.4).

What is not clear, at this stage, is the sequence of
events linking increased second messenger concentration
with the events associated with acid secretion. For
instance, does Ca2+ activate a calcium-or calmodulin-
dependent regulatory protein, such as a protein kinase?
In addition, if histamine activates a cAMP-dependent
protein kinase (Jackson & Sachs, 1982), then what is
the substrate subsequently phosphorylated?

It is the intention, in the second part of this work,

to attempt to define more clearly the actions of secret-

agogues in parietal cells, by investigating the potential
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role of protein phosphorylation induced by the calcium-
sensitive, phospholipid-dependent protein kinase

(protein kinase C), an enzyme implicated in the stimulus-
secretion coupling of many other cell types (see

Chapters 7 & 8).
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CHAPTER 2.

ARTERIOVENOUS DIFFERENCES ACROSS THE CONTROL AND

ACID—SECRETING STOMACH.

23



2.3 INTRODUCTION.

Several attempts have been made to assess the metabolism
of the parietal cell using in vitro techniques. These
have produced conflicting results (see Chapter 1) as to the
relative importance of carbohydrate and lipid fuels as
substrates for generating the energy required by the
acid-secreting parietal cell. A problem with such
experiments is that potential substrates are often
presented alone to the tissue or at non-physiological
concentrations. Measurement of arteriovenous differences
in vivo is a good procedure for the study of overall
metabolism by a particular tissue. In this technique
the concentrations of potential substrates are measured
in the blood before and after it has perfused the tissue
being studied. A decrease in the concentration of a
particular substrate in the blood upon passage through
the tissue indicates that this substrate has been taken
up and probably metabolised, while an increase in the
concentration of a substrate in venous compared with
arterial blood, suggests that the substrate may be a
product of tissue metabolism. The technique in isolation
does not, however, provide an absolute measure of the rate
of substrate metabolism, nor can the products of such
metabolism in the venous blood be unequivocally indentified.
Rate of metabolism can be estimated by simultaneously
measuring the rate of blood flow through the tissue and
there are several techniques available for this type of
measurement in the stomach as reviewed by Guth (1982).

To establish the origin of metabolic products in venous

blood, further studies using radiolabelled substrates must
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be carried out (Windmueller & Spaeth, 1978) and also
measurements of enzyme activities associated with likely
metabolic pathways must be performed. The main advantage
of the measurement of arteriovenous differences in vivo
is that substrates are presented together and at
physiological concentrations, provided the measuring
procedure does not alter intermediary metabolism
(see 2.3.3). Furthermore, the cells are present in their
normal topographical relationship (c.f. isolated cells,
3.1) and are well oxygenated.

Arteriovenous difference measurements to assess
metabolism in tissues can be performed in various ways.
A potential problem, if venous and arterial samples are
taken seqqentially is that taking the first sample may
influence the substrate concentrations in the second
sample. To surmount this problem, Windmueller & Spaeth
1978) simultaneously sampled blood from the aorta and a
vein draining segments of rat jejunum. On the other hand,
Yamamoto et al. (1974), when studying amino acid metabolism
in and between several organs in the rat, uSeq different
donors for arterial and venous samples. If it i1s motl
possible to sample simultaneously, the time between
sampling arterial and venous blood should be reduced to a
minimum. Despite this, it would probably be necessary to
assess any changes taking place in metabolite levels during
the withdrawal of the first sample. Trauma associated with
rupturing a vein is likely to be less than that associated
with an artery and so it is best to withdraw the venous
sample first, if simultaneous sampling is not practicable.
These techniques use needle-cannulation of vessels for

blood sampling, but Hawkins et al. (1971a) demonstrated



that it is also possible, and valid, to sample venous
blood in the brain of rats by puncturing the dura and
removing blood from the sinuses below, through a needle.
The above methods all use anaesthetised animals, but it
is possible to use conscious volunteers as has been
demonstrated by Aoki et al. (1971) who measured amino
acid levels across forearm muscle in man.

The main problems concerning the measurement of
arteriovenous differences across the rat stomach are
the complexity and size of vessels draining the organ
(Fig 2.1). The splenic vein is the main vein but this
also receives tributaries from the pancreas and spleen.
Therefore, before sampling from this vessel can occur,
the occlusion of pancreatic and splenic branches, which
effectively removes these organs from the circulation,
is necessary. In addition, the splenic vein is small
and relatively inaccessible. Although the portal vein
is large and easy to sample from, using it for venous
sampling involves, to an even greater extent, tying off
other organs before only blood draining the stomach is
flowing through it,. Indeed such a procedure severely
limits hepatic blood flow. The other possibility is to
use a vein which is more accessible and does not require
tributaries to be tied. Such a vessel is the coronary
vein (Fig 2.1) which has the additional advantage of

draining blood from the acid-secreting portion of the

stomach only. It is, however, of small diameter than
the portal or splenic vein. Sampling arterial blood is
less complicated. Generally, the abdominal aorta is

used because it is easy to cannulate and relatively
accessible.
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