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ERRE IV,

AT

SomevAbedts-ofinistamiﬂcvin the Sheep Stomach-

Summary .

In thls inve%tigation, experiments have heen designed L
to qasess the siynificanoe of histanine as a factor

f‘ﬁffectinm mastric motility in sheep.

hesponses of smooth muscle fram the stomach have been :
: fexam1ne@ uaing 1solated stripq of reticulum, rumen, ouaaum
.and abowasun aquendod in oxypenated Tyrode solutlon atlﬁ
37,9:’ The reqponse of these proparations te aoetyleholine,
adfena11pg,rhistamine'and 5~hydroxytryptamine~(5RT).have

':;beem,inyestigated.,:“

All preparationg convra eteﬁ in response to acetyleholzno.
iﬁﬂi aentraetoﬂ all strlps except ol gum whlch were uqual%y
\ inqen,it1ve ta this arum. -The aebion of aﬂronal;ne varzed
‘waccording to both the dose and the site from which preparatlol
:-were taken.- In goneral, stripﬂ of rumen wnﬂ ahomasuu were
';ecﬁtracteéihy high qoncentrations ard relaxed by low

concentrations ﬁfﬁadrenaline.

f  Hiqtamine did not’ @ontmxm any of the preparations, hut
relaxed sbrips of abamasum!and of rumen. It was alsoufound
| that‘contractiona.oﬁ‘strips fr@mithese compartments in . |

response/
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responso to'aéeﬁyiéholinejWere inhihitgd’hy histamine,

The_isolated tissue experiments were, followed by an

investigation of the effects of histamine on the stowach

movements of conscious sheeop fitted with ruminal and abomasal

cannulae.. Intravenous injections of higtamine inhibitead

movenents of the reticulum, rumen snd abomasum, The

reticulum recovered rapldly from inhibition but the other

compartments often showed a wore gradual recovery., The

“inhibitory aetiqﬁ'df histamine'was_readil§ prevented by

repyramines

The action of histawine on blood pressure and respiration
wan. examined in anaestheétived sheéep, Intravenous injections

coused a fall in blood pressure which was proporéional to the

dose.pgiven. Respirations worc depressod and with lerger

doses a period of apnoea gometimes occurred.: Larger doses
of histamnine given.inﬁravénously to congéioﬁs”shcep‘provoked f
salivation, facial oedemn, defaecation and marked temporary

respiratory distress,

Free histanine may originate in thc sheep either by
fdrmation*and'absorption-1n the alimentary fract oy by
reiease:ffnﬁ“the tissues.  The formation of histamine by

runinal/



rﬁminﬁl £luid was' examined in a series of inéubation
,experinents.; Incubnt1on of run:nal fluid containin ‘%.

vadﬂed 51ucoqe led te tho formation of h1qtamine aftev 2 -3

. ﬁaya. This waq accompanied by a £al§ in pﬂ to 4.0.
”Histamine was not destroyed either by inaubation with

| ruminal fluia OTEWth put 1nto uhe rumen of a e nnul bed.
zsh@op. Hnstumiﬂe puﬁ 1nto the rumen started to pass to

Ethe @bomaqqm withinAnne hoqr of ﬁqsing.

aheep were: unaifecﬁed by dcwxnp with hgvtnminn
QL? eannula and lb was. coneiﬂ&e& thnt 1ittic absorpticn -
‘Anf ?rov utstawine oeaurrcm in the runon. Ncne»oi the |
:=ev1@ence obtalneﬂ supported prcvxeu auggesm10uﬂ that |
“iornat1on 01 h1stamine in the rumen waq, 01 itgelf, toxic

to hh@ an1mq1 conoerneﬁ.-

The distribution and éﬁﬁ%énﬁ oi}hiétawine’and-mast-eelis,
" in thé shecp éﬁoméch was next"examinéé; The’abomaéa2~mucdsa
”oontaaneﬁ nore hast wine ond mash ce?ls than any other tissue
of ﬁhe.stom&qh. H1stam1no profiles of abomaﬁal micosa
reﬁéaieﬁ eviden00101 ‘some Rnon mast eell-hlgtanxne in the-
7py10ric region. - A close correlation between histamine and

_;mast eolls was also found in wany uther sheep tlasues.

‘
\
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introduction

"La multiplicité'ﬁes estomacs dansg les hgies
2 cornes et dans les bétes & laine semblerait
devoir garantir ces animaux artétre affeétéé a
indigestion, ou du woing devroient«ils par cotte
raison y Stre infiniment woins exposé@; cepend-
ent, l'expéﬁience prouve la contraires: 1la
maladie dont il s'agit est, en effect, vne do
celles qui enlevent le plus de ces animaux!.

(M. Chabert: from "instructions Vétdrinaires®.

1808)

Chabert, writing thus at the beginning of
the ninetecnth century, seemed to feel that it
wag vather unfair that a ruminant should suffer
from indigestion, despite the couplexity of its
stomach. He went on to suggest, however, that
thig might not be a failing on the part of
nature, but wight in fact be a result of domestica-

tion.,

There is no account, in Chabert's treatiose,
of any experimental studies of the wovements of
the ruminant stomach but Vouatt in 1844 described
how "gome cruel experiments have been instituted
in ovder to agcertain the nature of this muscular

action/



action of the coats of the rumen, g0 necessary
to produce this revolution of the food through
its compartments. A considerable opening was
cut into thg flank, imwmediately over the paunch,
and a swinging or balaneing wotion of that
stomach, both upwards and downwards, and forwards
and backwards, was plainly scecen" (Youatt, 1844),
Although Youatt realised the importance of these
stomach movenents, he was not aware that they
occurred in any scaquence. Colin (1871) created
rumen fistulae and studied the stomach wove-
ments but he too Ffailed to observe any definite
pattern. It was not until the carly part of

the present century that a ecycle of wovements
was described by Wester (1926) and by Schalk

and Amadon (1928).

Disturbances of digestion are of consider~
able economiec importance in the dairy cow for
in this animal any impairment of function is
rapidly reflected by a fall in milk yield.
Although a few experimental observations have
been made on cows most investigations of
gastric motility in the ruminant have been

carried/



oarried out for reasons of economy and convene

ience in the sheep or goat.

Whatever pari disturbances of wmotility

wmay play in the developuent of acute conditions
such ag bloat, there ig little doubt that per-
giagtant stasis of the stomach compartments wmust
both disrupt the mixing of food in ithe reticulo-
runen and delay its ultimate passage to the small
intestine (Duncan 195%). Stasis of the abomasum
with dilatation is now also recognised in the
bovine. 8o far, however, the causes of spontan-

eous ahowmasal staesis are not clearly understood.

Factors affecting motility of the ruminant
stomach have been the subject of studies for
the past thirty years. Such studies have been
of two kindg -~ those dealing with the mechanism
of initiation and control of stomach movements,
and those concerned with substances occurring in
foodstuffs which inhibit gastric motility and
which may be capable of producing digestive
disturbances. The evidence presented in these
past investigations will be reviewed in the

first part of this thesis.

in/
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in several previous gtudics of ruminal
function it has been noted that histamine,
injected intravenously, caused paralysis of
both the reticulo-ruuen and the abomasum,
(Dougherty 1942, Clark 1950 and Duncan 1954).
This finding has been extended by reports of
experimentally-induced digestive disturbances
in whioh sywpltoms have been attributed either
to the absorption or to the release of histamine
(Dougherty & Cello 1949, Dain, Neal & Dougherty
1955).

In the present investigations experiments
have been degigned to assess the significance
of histamine as a factor affecting gastric
motility in the sheep. This experimental work

will be reported and discussed in three scctions.

In the first seciion the action of histamine
on igolated smooth muscle preparations from each
compartment of the sheep stomach was examined.
The responses of such preparations to histamine
were conmpared with those caused by acetylcholine,
adrenaline and S5-hydroxytryptamine., BEach of
thege compounds acts on smooth muscle and all

are/



are known t¢o occur in the bhody.

The isolated tissue experiments were followed
by an investigation of the effect of histamine
on the stomach movements of conscious sheep.
Sheep were fitted with cannulae to permit record-
ing of movewments of the reticulum rumen and aho-
magum and histamine and other drugs were given
by intravenous injection or infusion. In other
acute experinments, the effect of similar doses
of histamine on blood pressure and respirations

wag examined.

The formation and absorption of histawine
in the rumen wore next studied. Two aspects of
the problem were examined; the formation of
higtamine by ruminal contents and its absorption
from the alimentary tract. The decarboxylation
of hisgvidine by intestinal and faecal bacteria
has heen repeatedly demonstrated (Mellanby and
Twert 1912, Hanke & Koessler 19248, Gale 1940,
Bpps 1945), and more recently the formation of
histamine by ruminal nicro-organisms has also
been described (Dain et al. 1955, Van der Horst
1961). As yet, however, the ruminal organisums

responsible/



regponsible have not been identified.,

Uxperiments were designed to demonsivate
decavboxylation of histvidine by ruwminal fluid,
This was agsessed by determination of the awound
of histamine forued rather than by measuring
corbon dioxide production in the pregsence of
the amino-acid substrate (Gale 1940). In Further
experiments an attewpt was wade to discover
whether histamine ceould be absorbed from the
rumen, & posgsibility suggested by Dougherty
and Celle (1949). The rate of passage of
histamine from the rumen to the abowasum was also

examined.

In the thivd paxrt of thie investigation
the digtribution of endogenous histawmine in the
sheecp has been studied. As Riley and VYest (19%%)
have chowa that, in wany tissues, higtomine is
agpociated with the presence of wmast cells, the
field of investigation was widened 4o include a
gtudy of mast-cell population in each tissuc.
The histamine'cﬁnteut of the stomach was examined
in congiderable detail, whilst othexr organs were

agonsidered in move general terms.

6
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Fig., 1. Regions of the sheep stomach.
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3 RETICULUM 4 ABOMASUM
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7 DORSAL SAC

/3

] RUMEN

D |




Anatomy of the Ruminant Stomach

The ruwminant differs anatowmically frowm
other mammals principally in the possesgion of
a couplex stomach, having fTour compartments:
reticulum, rumen, owasum and abomasum. The
arrangemwent and relative proportions of these

four coumpeartwments are shown in Figure 1.

The rumen ig the largest of the compart-
ments of the fore-stomach, and is partially
divided by pillars of wmuscle into dorsal and
ventral sacs. These sacs are subdivided by
other musculor pillars to give anterior and
posterior dorsal and ventral saes. Anteriorly,
the rumen joins the reticulum., The junection
between these two compartments ig denoted on
the ventral surface by the rumino-reticular
fold, whilst dorsally, they meet at the vesti-
bule where there is no clear line of dewmarcation.
The wall of the rumen congists of a layver of
stratified squamous epithelium with numerous
papillae and two layers of swmooth muscle. In
the outer wusele layer, the fibres run essential-
1y antero-~posteriorly, although they become wmore

ohligue in wany places. The fibres of the inuner
layer/
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THE OESOPHAGEAL GROOVE

OESOPHAGEAL OPENING

RETICULAR

EPITHELIUM
RUMINAL EPITHELIUM

GROOVE
OMASAL OPENING

CROSS SECTION THROUGH GROOVE

STRIATED SQUAMOUS SMOOTH MUSCLE
EPITHELIUM LAYERS

STRIATED MUSCLE FIBRES

FROM PMILLIPSON
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layer have in general a circular arrangement.

The reticulum lies anterior to the rumen
and is a small sae-like structure. Thoe opening
of the oesophagus is situated dorsally in the
region of the vestibule. A groove extends
downwards from the cardia of the oesophagus on
the right wall of the reticulum. This structure
is termed the oesophagesl groove and terwinates
at the reticulo-omasal orifice. The anatomy of
the structure hag been described by Phillipson
(1946),

"The floor of the oesophageal groove congists
of a single transverse layer of unstriated
muscle fibreg continuous with the external
fibres of the reticulum and rumen and out-
gide which is a thin layer of striated
fibres continued from the oezophagus and
running longitudinally with the groove.

The mmscular pillars are formed from the
internal muscle fibres of the reticulum

and rumen which end at the groove and turn
upon themselves. (See Figure 2.) These
fibres run longitudinally with the groove
and continue round the c¢ardia so that this
orifice ig encircled on three sides. A
gimilar arrangement is found at the entrance
to the omasum, exeept that the posterior
pillar tends to overlie the anterior pillarv.

The mucous mewbrane of the reticulum is
raigsed into folds, enclosing 4, 5 or 6-~sided

cells., These oells are subdivided by smaller

folds/



folds and are studded with pointed papillaes.
The two muscular layers of the reticulum follow

an oblique course and crogs at right angles.

The omasum is gituated to the right of the
rumen and in the sheep it has the form of a
kidney~-shaped gac. It communicates with the
rotviculum above and with the abomasum belows
These two openings ave situated at either end
of the lessger curvature of the orgam and are
connected by a groove-like passage. The lumen
of this compartment is occupied by a large
number of projecting felds or laminae. Thesge
vary considerably in the extent to which they
project. The wmuscular tunic of the owasum is
composed of an outer thin longiitudinal layer
and an inner thicker circular layer which is
continuous internally with the intermediate

muscle sheets of tho omasal laminae,

The abomaguw is located to the vright of the
rusen and rests upon the abdomiunal floor. It ig
roughly similayr in shape to the simple stowmach
of other animals and cowmunicates anteriorly

with the owmasuwm and pogteriorly with the duodenun,

1t/
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It possesses a glandular wucous mewmbrane which

is elearly divisible into two parts. The anter-
ior or peptio part is marked by large folds. of
mucous menbrane running parallel to the long
axis, whilst the posterior or pyloric part

is alwost entirely swooth, except for oune or

two longitudinal folds near the pylorus. Acid
and pepsin are secreted only in this compart-
ment of the stomach where typical gastriec sccret-
ory ¢ells of both acid and peptic types are found
(11il1l, 1951). The muscular wall of the abomasum
consists of outer longitudinal and inner e¢ircular

layers.

Nerve Supply.

Studies on the innervation of ithe ruminant
stomach have heen reviewed in great detail in a
paper by Habel (1956). The ensuing desoriptions

are largely taken from this paper.

All compartments of the ruminant stomach
receive a parasyumupathetic nerve supply from the
branches of the vagus nerves., The left and right
vagus nerves divide over the heart into dorsal
and ventral branches which unite with their

counterparts/




Fig. 3.

DISTRIBUTION OF DORSAL VAGUS NERVE
RIGHT ASPECT (diagrammatic)

DISTRBUTION OF VENTRAL VAGUS NERVE
RIGHT ASPECT (diagranmqtic)

------ Indicates branches on left
sidke of organs,
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counterparts to form the dorsal and ventral

vagal trunks. These nerve trunks appear to

receive approximately egual numbers of fibres

from both left and right vagi, and continue

through the diaphragm in close association with

the oesophagus, The distribution of these

branches of the vagus nerves ig shown diasgraumatic-

ally in Figure 5.

The dorsal vagal trunk gives a small branch
to the reticulum and also supplies the oesopha-
gaal groove. Other branches descend on the left
of the reticulo-~omasal junciiou and supply the
posterior surface of the reticulum. This trunk
also giveg wmany branches to the omasum and to
the left side of the abomasuwm. The rumen also
receives branches from the dorsal vagus and is

almost entirely supplied by this nerve.

The ventral trunk gives off some branches
to the rumen and also supplies the anterior and
lateral surfaces of the reticulum. Further
branches supply the right side of the veticulo-
omasal orifice. The trunk continues across the

surface of the omasum and gives numerous branches

to/



to the right surface of the abomasuw. The
long pyloric nerve which is a branch of the
ventral vagal trunk supplies the pylorie

region of the abomasunm.

The sympathetic nerve supply to all com~
partments is derived from the coeliac plexus.
Sympathetic nerves are found accompanying the
left and right ruminal arteries, the reticular
and splenic arteries and both branches of the

left gastric artery.

)
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Normal function of the Stomach.

The reticulum and rumen undergo a co-ordin-
ate cycle of movements which is more clesrly
defined than the peristalsis of a simple stomach,.
Schalk and Amadon (1921) pointed out that it was
quite inadequate to desceribe ruminal wovemenis
in terms of the contractions shown by the simple-~
stomached animal. In their treatise, entitled
"Physiology of the Ruminant Stomach" (Schalk and
Amadon 1928),they deseribed a sequence of stowmach
movenents based on results obtained both by
direct inspection and palpation through large
gastric fistulae and by recording changes of
pressure in inflated balloons placed in various
positions within the stomach. The desceription
given by Schalk and Amadon in that paper has
provided a useful starting point for wany

subsequent studies of rumen wmotility.

The sequence of movements which oecurs in
the ruwinant gstomach has been clearly described

by Phillipson (1946) as followsi~

"The reticulum contraets about once a
minute in a brisk two-stage movement
sending a wave of liquid ingesta back-
wards into the ruwen., Relaxation oecurs
about/
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- denotes controaction. &= denotes direection of
movement of contents.

Sequence of wovements of reticulum and rumens

. RETICULUM CONTRACTS TWICE

/%

2. RUMEN-DORSAL SAC CONTRACTS

3. RUMEN-VENTRAL SAC CONTRACTS

A+




about five seconds alter the comuence-—
ment of contraction and the reticulum
again becomes Tilled with liquid wmater-
ial which runs back from the runmen,

The movements of the rumen are slow and
sustained compared to those of the vretic-
ulwr. The dorsal sac contracts ag the
reticulum relaxes and compresses the
ingesta go that the liquid is squeezed
Trom the dorsal to the veniral sace which
in turn relaxes.,. The rumen returns to
its resting pesition and finally, ithe
ventyral sa¢ contracts as the dorsal sac
relaxes, a wovement that drives fluid
ingesta in the ventral sac in an upwards
and forwayrdg direction®,

This sequence ig illustrated in Figure 4.
Phillipson also describes common variations of
this pattern. These aret-

a) +two contractions of each sac of the rumen
. hetween cach contraotion of the reticulum.
b) a typical cyele alternating with one in
whieh only contraction of the dorsal sae
oQCUuUXS .
¢) a typical cycle alternating with the first

vayriation.

Movements of the owmasum in cattle were
first studied by Wester {(1926) and by Schalk
and Amadon (1928). The latier authors observed
pronouncad waves of inereased tonus with slow

contractiong which increased in frequency when

Tood/




food wasg ea%eﬁe. Furthernore, & sudden fall

in pregsure in the lumen of the omasum occurred
during the gecond contraction of the reticulum.
Phillipson (193%9) studied changes in the outline
of the omasum of the sheep radiographically. A
gequence of movements was geen in some ¢ases,

but this was an inconstant finding. In this
soquence, the dorsal pole of the omasum first
relaxed after contraction of the reticulum. 7This
was followed by elongation of the whole organ
which then returned 4o ite original shape.
Phillipson suggested that other secondary cone-
tractions might also occur at irregulayx intervals.,
Baleh (1960) considered that most of the digesta
pass only through the neck of the omasum and that
movements of the muscular pillars serve t0 press
fluid wmaterial against the owmasal leaves. Thig
would permit water to pass between the leaves

and so be absorbed.

Movements of the abomasum have been deseribed
by Hill (1951). He found that body of the abo-
magsum norwmally showed only small wmovewents butb
that larger contrretions oeccurred when food was

eaten/
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ecaten.,. The prepyloric region of the abomasum

showed typical perigtaliic contractions.

The normal oycle of ruminal wovements is
dependent upon an intact vagal nerve supply
(Mangold & Klein 1950, Duncan 1953, Bell & Lawn
1955, Iggo 1956, and Titchen 19%58), After total
vagotonmy, Duncan found that the normal rhythmio
activity end propulgive effeet of the wmovements
of reticulum and rumen weve completely ebolished,
although abnormal movemenis were sometimes seen
two to three weelts after operation. After partial
(unilateral) vagotowy, however, propulsive motil-
ity remained. The abomasum continued to show
contractions after section of both vagus nerves,
although the propulsive effect was reduced, lead-
ing to delayed emptying and dilatation of this
compartment. Iggoe (1956) observed a similar
cessation of stomach wmovements in decercebrate
sheep when transmisgion of impulses through the
vagi was blocked in the cervical region by cool-
ing with saline at 4°c. He found also that
stimulation of the vagus nerve supply to the
stomach gave rise to ceonitractions. Under suit-
able conditions contractions could be induced

which/



which resembled those oeccurring in the normal
énimal. Further evidence for the importance of
the vagus nerve supply to this organ is provided
by Dougherty (1942) and by Duncan (1954) who
found that contractions of the rumen were in-
hibited by the admninistration of atropine.
Titchen (1958) obtained similar evidence of the
action of atropine in inhibiting contractions

0f the reticulum in decercbrate sheep.

The complete dependence of the cycle of
rumen movements upon impulses received via the
vagns nerves suggests the existence of a “"centre"
from which the appropriate motor stimuli are
transmitted. Such an area has been identified
by Bell and Lawn (1955) who stimulated localised
areas of the medulla oblongata by means of care-
fully placed electrodes and noted the responses
produced in the reticulum rumen and oesophagus.
A repetitive stimulus of 10 V at 50 pulses per
second produced countractions whieh could still
be elicited after transection of the rhomb-
encephalon at the pons and of the cord at the
level of the first cervical vertebra. The
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positions of the sites stimulated were carefully
checked by subsequent histological study of the

brain tissue,

Dussardier (1957) has also presented evidence
in support of a discrete wedullary centre in the
ruminant from which motor impulses travel via
the vagus nerves to initiate contractions of the
stomach. He found that the potential produced
in certain areas of the hind-brain by antidromic
stimulation of the vagus nerve wag diminished
or abolished when a contraction of the reticulum
was about to occur. He suggested that t his was
due to a rhythmic grouped discharge of neurons
giving rise to the typical rhythm of the eyecle

of contractions of reticulum and rumen.

Several factors have been discovered which
influence the normal contractions of the stomach
reflexly. In a review of results of extensive
experiments in decerebrate preparations Comline
and Titchen (1960) have concluded that typical
contractions of the reticulum represent a reflex
response. The efferent 1limb of the reflex arc
congists of cholinergic parasympathetic fibres in

the/
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the vagus whilst the fibres of the afferent limb
are alse situated in the vagus nerves. The cvid-
oence on which their conclusiong are based must

now be briefly counsidered.

Phillipson (19%9) has shown that the intro-
duction of fluid into the abomasum by means of
a fistula, increased the interval between reticular
ocontractions. If the abomasum was grossly distended
by the inflation of a balloon within its lumen,
reticular contractions ceased, but the rusen
continued to contract in an irvegular manner,
More recenbtly, Titéhen (1958) has demonstrated
that aftor division of the splanchunic nerves
distension of the abomasum no longer resulted
in inhibition buy rather stimulated contractions

of the reticulum.

In decerebrate sheep and goats in whioch
movenients of the reticulum and rumen were absent,
these could he elicited by distension of the
reticulum. Increasing distension led to an
increagse in the number of impulses travelling
in the afferent vagal nerve fibres and shortened

the interval between contractions (Iggo 1956).

The/
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The factors which act reflexly have been
investigated in detail by Titehen (1958 and 1960),
In experiments on decerebrate sheep and goats
he has establighed a number of clearly defined

stimuli which are summarised below.

Contractions of the reticulum were stinulated
Dy s

a) Stretoh of the reticulum and/or the reticulo-
ruminal fold,

b) Distension of a balloon in the omasal canal.

e¢) Increpse of the acidity of the abomasal
contents to p 0,9 - 1.0.

d) Touching the lower part of the thoracic
oesophaguga or the ahomasal wmucosa.

e¢) Stretching the abowmasum after section of
the splanchnic nerves.
Conibractions were inhibited by:e

a) Distension of the abomasum or manipulation
of the pylorus.

b) Digtension of the rumen.

The most effective stimulus was found to be
distension of the reticulum and reticulo-ruminal
fold which was achieved by weans of a water-filled
balloon. In contrast to the observations of

Phillipson/



Phillipson (1939) referred to above, Titchen found
that in decerebrate sheep inhibition of con-
tractions was more marked in the rumen than in
the reticulum. Marked inhibition was also caused
by surgical interferences involving the rumen,
reticulum or abdominal wall. This effect was
abolished by sgection of the spinal cord in the
anterioy thoracic region buil preparations treated
in this way rarely survived for more than 4560
minutes in spite‘of atteupts to restore blood
pressure by intravenous infusion of solutions

of dextran or polyvinyl-pyrrolidone.

Bructation.

Gages produced by the fermentation of the
countents of the reticulum sand rumen are expelled
by repeated eructations. The events involved in
this procesg and the factors which influence it
have been studied in gome detail by Weiss (1953),
Dzuik and Sellers (1955), Dougherty and Meredith
(1955) and Dougherty, HUabel and Bond (1958) and

have been reviewed recently by Dougheriy (1960).

FFrom his observationg, Weiss concluded that

pressure of gas in the rumen wag the main stimulus

o/



to eructation, and that the process was enbirely
dependent on the ability of the reticulum and

runen to contracit. He deseribed a contraciion

of the rumen woving in a postero-anterior direction
accompanying each cructation., This usually followed
within 10 - 15 geconds of 21 antero-posterior
movenent, although the interval betweeu these

two wovements night be extended up to 60 seconds,
Failuwre of eructation, however, was not necessar-
ily due to a loss of ruminal wmotility, as records
from aniwmals wheve the pressure of gas in the

rumen had bocowe vory great showed evidence of
powerful contractions. Apart from mechanicel
factore, such as oesophageal obstruction and the
posture of the animal, Welss believed that any
factor tending to cause ruwminal gtagis would also

ihhibit eructation.

On the other hand, Clark & Quin (1945) found
that eructation could occur in the absence of
ruminel wovements. Dougherty and Meredith (195%5)
also noted that wotility of the reticulum and
runien was not essgential for eructation, provided

that/



that the cardia was not covered by ingesgsta.

Stevens and Sellers (1959) have also
desoribed an association between eructation ané
a definite ruminal contraction and Dougherty
(1960) in reviewing this gsubject reaches no
conclusions regarding the significance of sguch

contractions.

Dougherty, et al. (19%8) investigated the
eructation reflex in acute experiments on de-
cercehbrate sheep. Thege authors described
regepiorg for this reflex in the rvegion of the
cardia and noted that cructation was stimulated
by the presence of gas at the cardia, but wag
inhibited by liquide iv that region. They
believed that failure to evruciate was due
primarily to the retention of ingesta at the
cardia. Dougheriy and Habel (195%) had previous-
ly shown that this region was normally cleared
of ingesta by contraction of the reticulum and
contraction and elevation of the ruwmino-reticular

fold and anterior pillar.

Regurgitation

23

Regurgitation is the process by w hich portions

of runmcen contents are roturned to the mouth for

fur ther/



furvher chewing and wmixing with saliva. The
complete sequence of regurgitation chewing and
swallowing consiitutes the phenomenon of rumina-
tion, a wmasticatory process associated with the
development of the fore-~gtomach ag a fermenta-
tion chambeirs This procesg is not apparently
egsential to the aniwmal although gheep normally
occcupy about eight hours each day in rumination.

(Bell and Lawn 1957).

Although regurgitation is in some ways
similar to vomiting, experiments by Bell (1958a)
have not demonsitrated a very clogse connection,
Aponcrphine, a powerful emetic in animals which
are able to vomit, d4id not produce regurgitation
in young ruminantvs although the associated symp-

tong of salivation and disgtress were seen,

That regurgitation wmay vesult from a
mechanical stimulus was ghown by Wester (1926),
who found that rumination could be started by
tactile stimulation of the oesophageal groove.
Bell (1960) considered that the series of reflex
regpongee involved in rumination were related to
the cycle of contractions of the reticulum and
rumen, and that these reflexes were integrated
in the brain stem. Bell and Lawn (1955) demounstrated

thaty



that stimulation of an area in the medulla near
to the respiratory centre gave rise to many of
the responses involved in rumination., in a
recent review Bell (1960) discussed further
evidence in support of the existence of such

an integrating cenire.

There have been several suggestions as to
the weans by which solid waterial can pass from
runien to mouth and the problem 8till remains
partially unresolved, VWester and later Bergman
and Dukes (1926) considered that entry of food
into the oesophagus followed the production
of a negative pressure within its luwmen, by a
gpeecial inspiratory effort with closed glottis.
Wester also considered that the redustion in
intra~oesophageal pressure wasApartlytﬂue to a

change in shape of the oesophagus itself.

Bergman and Dukes found that regurgitation
wag not accompanied by contraction of either the
rumen or the abdominal anuscuwlature, although con-
tractions of the reticulum occurrved just before
and just after this process. Downie (1954)
congidered that the pressure difference between
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the contracted reticulum and relaxed oesophagus
caused rumen contents to be forced into the-
ocsophagus, He suggested that the forece of this
movenent gave rise to the typical jerk seen at

each regurgitation. Boll (19%8b) has re-
emphasised the iwmportance of contractions of

the reticulum by demonstrating that regurgitation
was not affected when the diaphragm was immobilised
by section of the phrenic nerves and that regurgita-
tion was s8till possible, though sowmewhat ilmpaired,
when tracheotomy was performed in addition to the
nerve sebtion. Névertheléés, he was unable to
explain how regurgitation could still occcur when
reticular contractions had been abolished by

the adwministration of atropine, an observation
made by Wester (1926) and confirmed by Dunean

(1954).

Clogure of the Oegophageal Groove.

The peculiar gtructure of the oesophageal
groove has given rise to much gpeculation as
$0 ite precise functions and several of the
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ecarlier theovies were discussed at some length
by Colin (1871), He attributed the first des-
eription of this structure to Faber, who, although
incorrect in his idea of its funotion termed it

"la voie lacteet,

More recently it has been shown experimental-
ly that in young suckling ruwminants, milk does
pass directly from the ocsophagus by way of the
oegophageal groove and omasum t0 the abomasunl.
Schalk and Amadon (1928 ) deseribed the closing
of thisg groove to form a firm tube. Grbave
closure in ¢alves suckling wmilk was also described
by Wester (1926) who found that this was a reflex
aetion, as it still ocourred in animals with an
cegophageal fistula when wmilk passed only ithrough

the mouth and pharynx.

Further ovidence foxr ithe reflex nature of
this process in calves hag been provided by
Watson (1944) who found that the application
of a local anacsthetic solution to the wmucous
menbrane of the mouth and phazynx inhibited
clogure of the groove., More recently, the
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mechanism of this roeflex has been demonstrated

by Comline & Titchen (1951a). In decerebrate
preparations of calves and lambs, stimulation of
the superior laryngeal nerve consistently caused
contraction of the groove. The offerent fibres
congcerned in this reflex were confined to the
dorsal vagus nerve. The reflex was inhibited

by stimulation of the central end of the glosgal
branch of the glogso-~pharyungeal nerve. Stimula-
tion of the central end of the abomasal nerve,

or manipulation of the abomasum or rebticulum

also produced an inhibition which was slow in
onset and which was considered by the authors to
be due to the release of adrenaline. It was

algso shown that when adrenaline was given intra-
venously a similar inhibition occurred. Contrac-
tion of the musculatufe of the groove was abolished
by swall doses of atropine and, in this respect,
the smooth muscle situated In this rather
specialised region appears to behave in a gimilar

manneyr te that of the rest of the stomach.

A nuwber of factorgs have been found to
initiate closure of the groove in young animals.

Watson/
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Watson (1944) noted that the aect of suckling
provided an effective stimulus, whereas drinking
from & bucket did noi. The nature of the Lluid
taken wag also imporiant, since milk provided a
greater stiwuiug than water. Watson has also
found that closure of the groove occurred in
animals trained to expect wilk, even when they

were given water.

Clunies Ross (19%4) found that when Fluid
was given to lambs by weans of a tube passing
into the oesophagus, it went into the rumen, but
if the wmouth was swabbed with a solution of copper
sulphate, the fluid passed sitraight into the
abomasum. In calves, on the other hand, Riek
(1954) found that a 10% solution of sodium
bicarbonate was the wost effective stimulus
causing closure of the groove although other

gofdium salts were also effective.
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'actors Affecting Movements of the Stpmaeh.

1. Effects of Drugs.

Some mechanical factors such as distension,
which reflexly affect the normal movements of
the reticulum and rumen)have already been consider-
gd in the previous scoetion, Chomical and humoral
factors which may wmodify these wmovements have
veceived a sporadic gtudy during the past twenty
yvears. The results obtained in these investiga-
tiong have bheen, in many instances, perplexing
and this hag led to some gpeculation as to their
real significence. Much of the difficulty has
been reléted to the experimental methods adopted,
In sowe cages, the routes of injection chosen for
the administration of drugs have led vo widespread
syatenic effects,which might well have masked a

i

wore direcit action,

It ig clear from the consideration of the
mechanism of the stomach wmovements that the
vagug nerves are responsgible for the transmission
of stiwmuli to wmaintain the normal cycle of
contyractions. It would secewm probable, therefore,
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that acetylchaline.acts ags the mediator between
vagus nerve cndings and smooth musele,as is
genorally accepied t0 be the case for other
organs supplied by this nerve. Dougherty (1942)
admini stered accitylcholine both subcutaneously
and intravenously to cows. Using the former
routc of injection there was no noticeable effect,
but when given intravenously acetylcholine led
to paralysis of the rumen, and, if the dose was
larvge enough, %o the ultimate collapse of the cow.
These findings were conlirvmed in sheep by Duncan
(1954) who found that 3 - 5 mg. of acetylcholine
given intravenously inhibited rumen conitractions
for five minutes, and depregsed subsequent move-—
ments foy thirty minutes. This action was
potentiated by egerine., This author attributed
the anomalous response to acetylcholine to its
sygtemic action, pérticularly in causing the
release of adrenaline. Other cholinergic agentg
such as carbachol and avecoline, have been found
10 increase the force of contractions (Dougherty
1942, Duncan 1954)., The adwinistration of
atropine always depresges or inhibiits normal
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contractions (Dougherty 1942, Clark 1950, Comline

and Titchen 1951, Duncan 19054),

A wmoyve divrect route of adwinistration, by
injeetion into the coeliac artery, has been used
by Dussardier (195%&). He found that acetylcholine
given in this way coused @ coutraction of the
runen anﬁ not an inhibition. He also showed that
the intravenous injestion of very lavge doses
in an atropinised animal would also cause a
contraction, For this appevrent paradox, Dussardier
offered the explanation that atropine may have a
more povent action on the heart and circulatory
system than on the stomach. If thig 'ig so, then
dogses of atropine sufficient t¢ prevent collapse
of the animal when acetylcholine ig given are
insufficient to inhibit countractions of the
gtomachh,. This explanation ig not altogether
satisfactory, as it might be cxzpeeied that the
unicotinic actiong of acetylcholine, including
geimulation of the sympathetlc nervous gystem and
the releage of adrenaline, would be morce marked
under these conditions. It 1s posgible, therefore,
that the contraction of the rumen seen by

Dusgardier/



Dusgardier was in yealily a responge to adrenaline.

The intravenous injection of adrgnaline or
nor-adrennline cauges inhibition of ruminal cone
tractions (Dougherty 1942, Duncan 1954, Titchen
1058), Dussardier (1954) obtained similar results
but found that sowmetimes adrenaline causged a
biphasic contraction of the reticulum in sheep
similar in appeaxvance o a normal spontaneous
novement . Furthermore, in the spinal animal,
adrenaline more often gave rise to & tonige
contraction., Similarly in vagotowmised sheep,
wheve norvmal movements of the stomach were absent,

the adminigtration of adwrenaline caused a Singlg

strong contraction (Duncan 1954 ).

Comline and Titehen (1951b) have examined the
agtion of adrenaline given initravenously to young
runtinants and have found some apparent species
differences in resgponse to this drug. In kidsas,
adrenaline produced a contraction of the reticoulum,
but in calves no contraction wasg geen foliowing

cither injecotion of adwvenalince or splanchic gtimulaw~

vion,
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The action of adrenaline on the reticulum
and rumen way in part be due to the effect
proﬁueed'on the blood flow in these organs, From
meagurenenss of the fiow in thoe posterior vein of
the rumen, Dobgon and Phillipson (19%6) found
that the injection of a single dose or continuous
infugion of adrenaline caused an initial increase
followed by a slowing in blood fiow. This was,
in dturn, followed by a furivher marked increase.
Thisg rosponse was relaied 4o the pH of the rumen
contents. At pH 7.5, the changes were small,
but as the contents were wade more acid, the
seeondary iucrease phase was parviticularly marked,
With acetate builfers at pd 4, blood flow was very
fagt, and ovhe slowing eifect wag sometimes absent,
being replaced by an inereaged blood flow, corres-
ponding to the rige in sysiemic blood proessure
(Using acetate buffers at pl 3.6 = 5.0, Ash (1959)
hag shown that contractiong of reticulum and rumen
are conmpletely inhibited under those counditions
without the administration of adronaline). Thus
it would appear that the action of adrenaline is
complex and variable,although it can be said that
ity injectionr into an intvact aniwal will usually
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regult in tewporary ruwinal stasgic.

It has also been shown that intravenous
injection of gldcose gelutions is followeé by
a progressive reduction in the awplitudce of
eontractians. (Le Bars, Nitescu and Siumonet
195%), Immediately following injection the blood
glucose concentraition rose to 300 mg. per cent and
did not return to its preminjeeﬁioﬁ valae for
4 - 5 hours, Inhibitvion of conitractions of
the reticulum and rumen yeached a maximum 60 -
90 winutes afiter the injection and persisted
for as long as the hyperglycaemia., Conversely
when insulin wag injected intravenously in doses
0f 0.5 « 2,0 I.U./kg. boith the amplitude and
frequency of movements were increased. Thig
effect wag Lirst obsgerved about 50 minutes after
the injection of insulin and porsisted for 2% -
3 hours. This gitimulatory action of insulin has
been confirmed by Hill (1954) who found that abo-
masal secretion was algo increased, Thus the force
of ruminal contractions appears to bo related to
the blood glucose level and Duspsardier (1954)
has suggested that the inhibitory action of
adrenaline way, in part, be due to the hyper-
glycaemia which follows injection of this

compound /
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compound.

The inhibition of wovements of the reticulum
and rumen which fqllows the intravenous administra-
tion of Ristamine has been degseribed by several
authors (Dougherty 1942, Clork 1950, Duncan 1954).
Clark noted that this effect was acoompanied by
byperwotility of ithe reotum, and that both these
actiong could be prevented by the previous
adwinistration of anti-histeminic drugs. Clark
has also found that, after section of the left
vagusg nerve, histawine no longey produced any
effect. The rumen was gtill able to countract,
however, 1f the distal end of the cut merve was
atimulated, 9o that the inhibitory effect of
histomine did not seem to be due to a dirvect

action on the muscle of the vunen.

Ll. Contents of the Rumen and Metabolites.

Changes in the pll of the ruminal contents
have alsoc beon shown to have an effect on ruminal
motility. Clark and Lowbard (1951) found that
administration of alkaline sclutions (pH 7.5)

to sheep caused ruwinal gtasis. The solutions

used contained either sodivm carbonate o §~sodium

-
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hydroxide. Stasis did noi occur until 10 -~ 20
mninutes after the rise in alkalinity of the
ruminal contents and normal wmotility could

be restored éithef by feeding or by the injec-
tion of carbachol. If intravenous injections
of the alkaline solutions were made, however,
an immediate stasis occurréd. Attempts'made by
these authors to inerease the acidity of the
rumen contents failed as the normal solutions
of hydrochloriec acid which they used did not
lower the pH beiow 6.7 and no effect was observed.
Frowm their results, Clark and Lowbard concluded
that changes in pH exerted a central rather

than a peripheral action upon ruminal movements.

Ash (1959) introduced buffercd alkaline
solutions (pil 7,9 - 10.1) into the empty rumen
in concentrations of 0.1 molar. The effects
on contractions were slight and transient and
led Ash to conclude that the presence of an
alkaline solution in the rumen does not of

itself have any direct action on motility.

The action of urca on ruminal motility is

also related to changes in pH. Clark (1951)
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gave urea by fistula to Merino sheep and obtained
stasis, accocompanied by a rise In pil from which
recovery took 3 = 4 hours. He concluded that

the effect produced was due to increased
alkalinity (pH 8.15) with the formation of
amaonia. Le Bars, Molle and Simmonnet (1957)
gave wurea orally and obtained a similar effect.
They found, however, that if urea was given by
slow intravenous injeection, an increasge in the
frequency of contractions occurred. On the

other hand, the slow, intrevenous injection

of ammonium acetate vesulted in a stasis which
persisted for almost three hours. I{ seems from
these results that the effect of feeding urea to
runinants in any quantity is to cause an increase
in the alkalinity of the contents of the rumen,
whieh in turn leads to stasis. It wmust be noted,
however, that Ash has not been able to coufirm
that alkalinity, of itself, can exert this
effect.

Appreciable quantities of acetiec, propiouniec
and butyric acids are produced in the fermenta-

tion of ruminal contents and Ash (1959) has made
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an extensive study of the effects of these acids
onn the wotility of the fore-~stomach of sheep,.

He found that buffered solutions of aceilate,
propionate and butyrate at pl %.6 - 5.0, put

into the mﬁptied rumen t hrough a cannula, inhibit-
ed contractions of hoth the reticﬁlumzand rumen,
Buffered solutions of lactate, HC1 or citric acid
at similar pH values did noi produce this effect
although movenents were imhibited by a solution
of lactio acid at pH 2.%. From these results
Ash concluded that the inhibitory action depend-
ed on the presence of fatty acid in the rumen
rather than upon a solution of any particular

acidity.

Ash then attempted to determine the site of

action of the fatty acids. UHe demonstrated

that contractions of the reticulum of an
anaesthetised sheep produced by stimulation of
the peripheral end of the cut left cervical
vagns were not depressed when a buffered
solution of sodium acetate was put intoe the
rumen., Fuarthermere, he observed that although
the presence of fatiy acid solutions in the

rumen,/



runen led to a fall in both the pi value and

the 002 concentration of arterial blocod,
inhibition of contracticus could still be
ebhtained by blowing fatty acid vapour into the
rumen, which aid not cause any appreciable
change in arterial blood, From these observa-
tions Ash concluded that the inhibitory action
was probably caused reflexly by gtimulation of
acid~gensitive receptors in the wall of the fore-
agtomach, He suggested that the failure of other
acids to produce this action was probably due

to their relatively slow penetration of the

epithelium of the forc-stomach,
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Toxic Factors in Food and Ruminal Contents.

It has long been known that inhibition of
ruminal ocontractions may follow dietary changes
cr excesses, Many such conditions have bheen
described vaguely ag indigestion although this
term has not been restricted to these disorders
of the alimentary tract. Several substances
have been extracted from the ingesta of ruminants
guffering from stagis of the reticulum and runen
and these have heen tested for potential toxicity

in a number of ways.

Dougherty and Cello (1949) reported the
presence of a toxic factor in ruminal contents,
They stated that an extract, injected intra-
venously in dogs, depressed the blood pressur%
whilst in sheep it inhibited ruwinal motility
and stimulated defaecation. Some exiracts
also depressed spontaneous motility of the
isolated rabbit 1ileuwn. The active wmaterial
was heat-stable, non-volatile and dialyzable.
The rumen contents were found to be markedly
acid (pH 4.9 - 5.4) and the content of volatile
fatty acids was greater than that of normal
ingesta. In view of their fiﬁdings, the
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authora suspected that the toxic effects might
be due to the presence of histamine, although
this substance caused contraction of the rabbit
ileum, On this assumpvion, they sprayed
histamine on to the vruminal epithelium through
a cannula and observed that stasis and an
increase in respiratory rate occurred. They
suggested that these findings indicated that
histamine was absorbed, although they obtained

no direet evidence of this,

The experimental feeding of excess grain
or gluocose to sheep has been found to cause
severe indigestion with ruminal stasis. 1In
some cases, the condition has eventually proved
fatal (flungate, Dougherty, Bryant and Cello
1952). DBxamination of the contents of the
rumen revealed that there was a marked increase
in lactic acid,associated with an increase
in one type of gram pogitive organism, strepto-
goccus bovis. At the sawme time, a decrease in
the volatile fatty acid content was noted., A
gsomewhat gimilar picturé has been described by
Scarisbrick (19%54). He observed the occurrence
of acute indigestion in sheep fed an excess of

mangolds./
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mangolds. The ruminal contents were markedly

acid (pH 4.7) and this was associated with
incereased lactate production and a transiont
increase in velatile fatty acid content.
Searisbrick noted also the occurrence of laminitis
in the animalsg, which wmight be asgsociated with

the presence of histamine or some other vaso-

dilator substance.

The assoociation between a high carbohydrate
diet and entero-toxaemia of sheep has been
discucsed by Bullemn & Batty (1957). Clostridium
welchii type P wags able to wultiply rapidly and
produce toxin in the small intestines of sheep
Ted an excesgs of carbahyﬁraﬁe)whilsﬁ no entero-
toxaemia éeeurre@ in sheep on normal diects.
Bullen and Batty altributed this lack of
gusceptibility to the absence of a suitable
fermentable carbohydrate substrate and to the
relatively rapid flow of intestinal contents.
The latter factor was thought to be impovrtant

in view of the slow abgsorption of the toxin,

Enterotoxaemia, in which high concentra-
tiong of epsilon toxin were prodused in the
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gut ¢ould be distinguished syuptomatically frowm
acidosis which wight also result from a high
carbohydyrate diet. In enterotoxaemia death

wag very rapid and was uvsually preceded by
gonvulgions. Acidosis, however, wag ¢ haracterised
by a period of dullness aund inappotence followed
either by sudden collapse or by prolounged
progiration with hyperventilation and exccessive

salivation,

Prier (1954) exawined ruwinal contents from
gpontaneously occurring casep of indigestion,
Bxtracts had either of two effects. With some,
he observed a depression of blood pressure, whilst

with othexu, aun elevaiion occurved.

In 1955, Dain gt al. reported the presence
of higtamine and tyramine in considerable quantities
in the rumen contenis of overifed sheep. Amounts
of higtamine present were of the ordeyw 90/¢g/m1
but if the acidity of the rumen contents was
greater than pH 4.5, much higher concentrations
of histamine were found. Both histamine and

tyraunine/
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tyramine were identified by paper chromatographic
techniques, and the concentration of histamine
wag determined colorimetrically. The histamine
content of ingesta frow normal sheep was found

to be very low.

Dain et al. also reported ithe presence of
another potentially toxic faector in the non-
dialyzable fracidion of the ingesta. This
fraction caused a fall in blood pressure when
injecied intravenously but subsequent injections
produced no effect. They drew attention to
the gimilarity of the effeot produced by this
factor to that of polyvinylpyrrolidone degcribed
by Halpern and Briot (1953%). Dain et al. suggest-
ed that the factor wmight act in a similar way by
liberating histamine. Fraser (1959) has discussed
the changes occurring in “rumen overloaﬁ" produced
by feeding excegs wheat to ruminants. He con-
siﬂered that stasis resu]lted from the incercased
acidity of the ruminal oontentg,which was largely
due to the production of lactic acid. He found
also that the ruminal contents became more fluid

and/
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and increasingly hypertonic with respect to tissue
filuid., As a result of this haemoconcentration
occurs as water is lost from the plasma into the

rusen.

A study of the effects of ruminants of overe~
eating of grain has receuntly been presented by
Broberg (1960). MHe noted that overeating led to
an increase in the acidity of rumen contents to
P 4.0 to 4.9 and this was due largely to the
formation of lactie acid. He found also that
the osmotic tension of rumen contents rose from
the normal value ot 6 ~ 9 osmoles to 20 - 25
osmoles, following an excessive intake of carbo-
hydrate. These findings, togethor with the
obgervation that the normal stable redox potential
of runinal contents is not maintained at values
of pH < 5.0, ha¥eled Broberg to conclude that
normal fermentation does not occur under these

conditions.

Although lactic acid is absorbed to soune
extent from the rumeﬂ,Braberg does not oonsider
that suoh absorption is responsible for the

toxie/
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toxic effects observed., Bvidence of absorption
from duodenal infusions was much wmore convineing
and it was found that the subsequent rise in

blood .lactic acid levels could be reduced by
adding thiamine to the infusion. Further evidence
for the lmportance of thiamine was found in the
fall in urinary execretion of this vitamin from

70 = 105 pg/hr. to 10 mg/hr. after overeating.

This evidence hag led Broberg to propoese that
the toxic eifects produced by the overeating of
grain may be due to the absorption of lactic acid
coupled with an acute lack of thiamine, caused by
the inabllity of the abnormal ruminal contents

to continue syuthesis of this vitamin.

In contrast to studies of ruminal contents,
other workers have examined various dietary
constituents and have pald particuler attention
to forage which was known to gause bloat. Ferguson,
Ashworth and Terry {1949 and 1950) have shown that
lucerne juice contained a substence which inhibited
the activity of rabbit ileum in vitro. This
substance was eventually identified as triecin
(5'7'4" trihydroxy 3'5' dimethoxyflavone)., More
recently/



=
GO

recently, Parsons, Neumann, Whitehain and Sampson
(1955) have investigated the actions of extracts
prepared from bloat-producing forage and algso from
rumen ingesta of catile which had died from an
acute attack of hloat. These extrocts inhibited
the movements of the isolated rabbit ileum, a
property which was not impaired by freezing, heat-
ing nor storing for four weeks at -10%, Parsons
et al. also prepared an extract of clover juice
from a pasture Inown to cause bloat and examined
its effects on a Jersey cow prepared with & rumen
fistulé. When the extract was introduced directly
into thé rumen, it inhibited eructation in this
cow, whilst, when it was administered to a sheep,
the clover extract produced acute and rapidly fatal

bloat.

Evans and Bvans (1949) reported that an extract
of white c¢lover inhibited movoments of the isolated
rabbit ileum. They attributed this action to the

presence of hydrooyanie acid in the extraet.

Although the abhsorption of toxic substances
from the rumen was at one time considered to bhe a

potential/



potontial cause of bloat (Clark and Weiss 1952),
more vegent work has indicated that the condition
may be entirely due to the phygical state of the
ruminal countonts. Johns (1958) has rveviewed the
cvidence on which this approach to ¢ he problom

ig baged. He wnoved that rumen wovements often
continued in the hloating animal so that ruwninal
gtasis was not in iteelf & causo of bloat. The
pergistence of ruminal wotility during bloat has
alss been recorded by Lindahl, Davig, Jacobson and
Shaw (1957) who found that contractions increaged

in frequency during the ouset of bloat,

Johng stressed that typical bloat is agsociat-

ad with the forwation in the rumnen of a gstable

foam of high viscosity which inhibits eructation.
Mangen (19%9) hasg suggested three factors which

may all play a part in the development of stable
Tfoam. These arve plant saponing, leaf proteins

and ealivary wucopyotein and the conditions in
which these will act as foaning agents have bheen

further invegtigated.

Individual difforences in the susceptibility

of/



of cattle fed on a bhloat-inducing diet, have

been emphasised by Lindahl et al. (1957). This
veriation has been studied by Mendel and Boda (1961)}
who found that susceptible cattle seereted less
saliva and that this contained ebnormally high
amounts of bicarbonate. There was no difference,
however, in the content of other elecirolytes nor
was the rate of gas production or buffering

capacity of rumen liquor from susceptible cows

in any way abnormal.



PART IX

L el AT AL 15
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Factors affecting isolated smooth muscle.

It is clear from the evidence previously
considered that many of the factors whieh
influence ruminal motility deo not appear to
act directly on the muscle, or nay, in some
cagses, act sinultaneously at several sites in
the body. For this reason, it is desirable to
study how the isolated muscle responds to various
chemical compounds. Such information may then
provide a basis for analysing the results

obhserved in the live animal,

Few reporte have been published of investiga-
tions of the responses shown by isolated nuscle
strips taken from the various compartments of
the ruminant stomach. There are certain diifiocult-
ies associated with the preparation of such strips
which may account for the paucity of information,
Nevertheless, a suitable method has the practical
advantage that large nuwbers of observations can
he made, and that the results so obtained may
facilitate interpretation of the results of

"in vivo! experiments.

Studies/



e
EAN)

Studies of isolated smooth muscle from
the ruminant stomach have previously been
carried@ by Von Graf & Delak (1951), Dussardier
and Navarro (1953) and Duncan (1954). In the
two latter reporis, the authorg described some
difficulty in obtaining active preparations
and Tound that abomasal sityrips gave the wmost
gatvisfactory responses, Mosi of the conclusions
reached by thesce anthors were hased, t hercfore,
on vesults obtained from strips taken from the
abomasum. They reported that in every -case
acetylcholine caused gontraction of sitrips of
nuscle and that thege coniyactions wore
potentiated by eserine and reduced or abolished
by atropine. In addition, Dusgardier and
Navarro noted that acetylcholinre caused & sligh
inorease in the rate oi gpontaneous movements

of the stripsg,

Adrenaline also contracted abomasal strips.
Both Duncan ard Dussardier and Navarro desoribed
the action of adrenaline asg an initial, brief
inhibition of wmovements, followed by & contrac-—

tion lasting for geveral minutces. If the dose

of/



of adrenaline was redusoed, only the inhibitory
phage wag seen (Duncan). Similar rosults

wore also obitained by Dussardier ond Navarro
with styrips taken from the »umen. The latter
have stressed that the contyracition produced by
adrenaline ig a true motor effect aund noy
mevely a reacvion to the previous inhibition.
Thoy found thet an adrenaline antagonist (883F)
inercaged the inhibitioun and decreased the
subsequent contyaction, while atropine abolished
the motor effect. On waghing cut the atropine,
the strip again responded normally ¢ adremaline,

but was insensitive to acetyloholine.

Von Graf and Delak made preparstions of
igolated strips of doxrsal saec of ox rumen. They
found that bovh acetyleholine and histamine
cuaged tyransiont conitractions of these prepara-
tions. Duncan (19%5%) using strips of sheep
stonmach Tfound that histamine never caused
contraction and seemed to have little effect.
Apart from these reporis, there appears Lo be
no further informationr on the action of drugs

on isolatved muscole Trom the ruminant gtomach.

&7
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Experimental Studies of Isolated Tigsue,

In the preseny inveatigation; it was found
that the abomasum gave a suitable response in
alwost every case, whilst a proportion of the
gtrips teken from other comparitments were
inactive. There was gome evidence, however,
that the time interval between killing the
sheep and suspending the strips in the tissue
bath determined the sensitivity of the tissue,
When the intorvaels were less than thirty
minuteg, active sioripg Lrom all compartments
were usually obtained. Nevertheless, in gpite
of these precaunvions, it was gometimes not
possible to obtain active sirips of reticulum
and omasum. Mogt of the findinge to be
described have been confirmed subsequently
using strips removed from the stomach of
healthy sheop killed at the labovatory for ithis

purpose,
Methods

The specimens used in these experiments
were obtained from sheep kKilled at the local

abattoir/
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abattoir. Sheep were stumned by means of a
captive~bolt humone killer and were then bled,
The entire stomach with part of the oesophagus
ond the duodenuwm wap removed ag soon as posgible
after death, and the contents of the rumen

and reticulum were rcleased by making 2 small
slit in the wall of the rumen., The stomach
wag then placed in Ringer-~Locke's solution at
approxinately 0 = 10% according to the method
deseribed by Duncan (1954). It took 15 - 30
winutes to transport the stomachse from the

abattoir to the laboratory.

On arrival at the laboratory, the interior
of the stomach was rinsed in Ringer-Locke's
golution, and the poritions of tissue required
were quickly removed and washed again in
Ringor~Loeke's selution. Strips of tissue
55 - 50 mm. X & wme were then cut and t he wucosa

or epithelium was detached,

The giripe were suspended in oxygenated
Tyrode's golution in a tigssue bath of 10 ml.
. . . ¢
capacity, waintained at 37 + 0.,1°C. Oune end

of /




Fig. 5. JIsolated tissue bath. 10 nml. capacity.
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of the tigssuwe was attached by a thread o an
igotonic writing lever giving a magnification

of 12 ¢ 1. Movements of dthe lever were rocorde
ed on a smoked Kymograph. A tengion of 1 - K6
was usually applied ﬁn the tissue, although
strips frowm the abowasum reguired a greatew
tonsion {(up %o 10G) than those from other
compartuenta., A diagram of the apparvatug ig

shown in fig. 5.

A strict tine schedule was adopted for
changing the fluid in the tissue bath. Drugs
wore allowed to act for 1 - 5 minutes, but the
time wag constant for each drug. The fluid
in tho bath was changed at leagt once every six
ninubes s longer intvervals allowed changes to
occur in Hhe tonus of tho wmuscle strip. Sitrips
which failed to regpond congistently 60 acelyl-
choline afver they had been se¢it up for one
hour were rejeoted. Spontaneous motility was
not a useful criterion for assessing the
activity of a preparation, ag movements

often appeavrcd and digappeared during the course

ot/



of an expeviment. It wae found, however, that
gensitive proparations usually showed some

spontaneous nmovement.

Drugs.

Drugs were diluted in Tyrode's solution and
were added to the tissue bath Dy wmeans of a
1 wml, tuberculin syringe, Dilutions were
prepared so that the amount added to the bhath
did not excoed 0.2% wl., although it was found
that up to 0.4 ml. of Tyrode's golution at roon
temperature could be added without affecting
the preparation. When an antagonigt was
allowed to act jor a long period, it was
diluted in 0.5 litres of Tyrode 's solution
and the apparatusg was so arrvanged that solution
av 3700 containing the antagonist could be run

into the tissue hath.

Solutions of acetylcholine were prepared
from acectylcholine chloride (Roche Products Ltd,.),
and esolutiong of histamine were prepared from
histomine acid phosphate (British Drug Houses
Ltd.). A stock solution of L-adrenaline

hydrochloride/
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hyQrochloride containing 2 wg/mi. adrenaline base
was prepaved by dissolving Leadvrenaline (Wellcowe
Foundation Lid.), in a dilute hydrochloric acid
golution at »i 2.0, Thig was diluted as regquired,
but, ag adrvenaline is unstable in neutral or
alkaline solution, dilutions were not pvepared
until required for use. S-hydroxytryptanine
solutions were prepared from S-hydroxyitryptamine

creatinine phosphate (Sandoz Products Ltd.).

The following drugs wevre alsce used, diluted

in Tyrode's solutions~

Atropine sulphate (Fvans Medical Supplies Lid.)
Neostigmine wmethylsulphate (0.25% agueous
solution) Roche Products Lid.).
Mepyramine maleate {(May & Baker Lid.).
P-lygergic seid diethylamide tartrate
(sandos Produets Lid, ),



Lependd o0f fipures 8 = 29

1. Drugs were allowed t0o aet for twoe minutes

unless othervise stated.

e All concentrations of drugs are oxpressed
in terms of wetrie quantities. c.ge 1 nmg/ml =

1x 1070,

%« Concentrationg of adrenaline and histsmine
are piven as the base, buit concentrations of all

other dryrugs are expressed as the salt,

&



Fig, 6. Regiono of stomach examined.

&> denotes gites from which strips were
taken,

A = body. B = pylorus.

OE SOPHAGUS
RETICULUM

ABOMASUM



Fig. 7# Spontaneous movement of abomasal strips

A and B « Dbody. G * pylorus.
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RBesults.,

Regions oi Stomach examined.

Strips were taken frowm the various sites
in each cowmpartuwent indicated in Fig. 6. 1In
general, it was found that the frequency and
magnitude of spontaneous wmovewments of abomasal
gtrips 4did not conform to any wuniform pattern.
Fig, 7 illustrates some of the typeg of spontan-

cous wmovement shown by abomasal strips.

Whilst regpouses of the pylorie wmuscle were
gqualitatively similar to those of other parts of
the abomasﬁm, the large spontaneous wmovements
tended to wmagsk the counitraction or relaxation
produced by drugs. For thig reason, preparations
of the body of the abowmasum rather than the

pylorus were used in these experiments.

Strips of the omasum cut at right angles
to the long axis of the organ were legs seusitive
to dyrugs than thosge out parallel $o this axig.
The freoguency and magnitude of spontaneous

movements/
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movements and the response to drugs were,
howeveoyr, similar foxr both types of preparation.
Strips taken from different.areas of t he rumen
and of the reticulum were not significantly

different in spontancoue wmovement oxr in regponse

to drugs.



Action of drugs on Isolated Muscle preparations.

Acetylcholine,

In genexral, isolated sirips frowm all regions
of the stomach contraeted in respounse to acetyl-
oholine. Contractions could usually be obtained
within 15 minutes of setiving up the tissue. On
occasgions when & prepoaration did not regpound to
acetylcholine, it inveriably failed to respond
algso to other drugs. This was used as an initial
test foxr each preparation before gtudying the
response to other drugs. During the course of
an experiment, the sensitivity to scetylcholine
might be either incroased or deereased, but in

general the changes observed were small,

Strips from all four compartuwents showed a
congistent response to acetyleholine when it was
added at intervals of 6 minutes. In all, the
response of gtrips from 90 sheep stomache were
examined, and in each preparation, there wag a

diree?t relation between the height of contraction

and/
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and the concentration of acetylcholine. There wore
gome differences in the nature of the response,
especially between reticulum snd rumen on the

one hand, and omagsum and abomasuwm on the other.

When acetylcholine was added 1o the bath,
the givips of reticulum contracted rapidly and
reached maximum height within 30 secondg. The
effTect was trangient and the retioculum had usually
started to relax bvefore the drug was washed out
after two minutes. The rosaponse of the rumen
wag ugnally gimilar to that of the reticulum in
its rapid omnset, buit the contraction wag maintained
foxr @ longer time and the preparation did noti
always relax before the drug was washed out.
See figs. 8A and B. On the other hand, gome
preparations of rumen did start to relax before

the end of two winutes. See fig. 12,

Strips from the omasum and abowasum contracted
more slowly in response o acetylcholine and av
the end of two winutes, the contrasction was
8t11l waintained. The pergistence of gpontancous
novements in the presence of acetylcholine wag

{requently/



frequently obgerved in both omasum and abomasum,
ag can be geen in Iigg, 8 € and D, Rhythnical
contraciions persisted even when the regponge

to acetylcholine had reached its maxiwmuwm. The
concentrations of acetylcholine reaquired to
produce these cffects did not differ gignificant-
ly for strips taken from the different ocompart-
ments. Dose response curves ocould he obtained
using concentrations of acetyleholine between

-8 6

207" and 10" .
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Bxperimental Studies of Igolated Vissue.

Atropine. In concentrations of 10™° - 5 x 1078
atropine gulphate did not influence the spontan-
poug contractions. When it was added thrée
minutes before aceiltyloholine, it antagonised the
contractions produced by the latter in proporiion
to the congentravion of atropine used. This
gffect wag observed with preparations from all
four couparitments and representative tracings

arve shown for ruwmen and abowmoguw in figs. 9 and 10,
The strips recovered their normal response to
acetyleholine within 12 - 18 minutes of washing

outv the atropine.

Neogtigmine. The effeect of neogtigmine in

potentiating the response 0 acetylcholine was f?
obgerved in stripe from all comparitments. When \
neostigmine wethylsulphate was added to-Tyrode's ///
solution in concentrations of 10™° = 5 x 10"8, |
a gradual increase in the regpouse 1o acetylcholine
wag observed, reaching its maximum after 30 - 50

minutes. Representative +tracings obtoined from

experiments/



Fig* 11. Effect of neostigmine on acetylcholine
contractions of reticulum strip*
Contractions in response to 1 x 10’“'7

acetylcholine*

N a X 10_'7 neostigmine methylsulphate.
Acetylcholine was allowed to act for 1 min* and

neostigmine was present for 30 mins*
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Fig* 13# Responses to histamine and to aocetyloholine*

A a X 10"* acetylcholine* H »x1O0"” histamine

RUMEN OMASUM

ABOMASUM DUODENUM

/( /T
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experiments with isolated strips of reticulum and
abomasum are shown in figs. 11 and 12. The

potentiating offect continued for some time after
the addition of neostigmine had been discountinued
and oven after geveral hours, slight potentiation

of acetylsholine could still be geen.

Higstomine, The experimenits on the response of

strips of musecle to histamine gave quite different
results frowm those obtainced with scetylcholine,
The addition of histamine to the bath did not
produce conbtyractions of any of the muscle gtrips.
Thig is illustrated in fig. 1% which shows the
response produced by the addition of acetylecholine
and of higtamine to muscle gtripg obtained from
ruunien, abomacuwm, omasum and duodenum. oy
convenicnce of illustration, the responses of

the reticulum are not included, since they were
identical to those of the omasum. It will be

gecn from the figure that a typical contraction
was produced in all strips by the addition of
acetylcholine and that the addition of hisgtamine

produced a contraction of the duodenum when added

in/
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in concentrations of 1.5 ~ 45 x 10"6. None

of the strips frouw any of the compartments of

the stowmach contracted in response to histamine,
even when it was adﬂed in doges of up to twenty
times the amount which produced a contraction of
the duodenum. On the other hand, it will be secn
that relaxation of the abomasum occurred when
histamine was added to the bath in the same
goncentrations as those which produced contractions

of the duodenum,.

A wore detniled study wac made of the
response to histamine using strips from all four
conpartments obtained from twelve sheep stomachs.
In general, it can be said that there was a clear
digtinetion between the responses Qf the rumen
and abomasum on the one hand, and those of the
reticulum or omasum on the other. No evidence
of contraetion or relaxation o0f reticulum or
omasum was observed when histamine was added to

-l
the bath in concentrations up to % x 10 2,

When histamine wag added to the bath in which

a strip of abomasum was spontaneously contracting,

it/



Fig# 14. Relaxant action of histamine on
abomasum strip. Histamine washed out

at W. Time marker 1 rain.

6 X 10 ~ histamine.
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it produced an immediante relaxation which had
reached its wmaximum withinv two wminuites. Graded S
responses were usually observed with concentra- . -
tiong of histamine ronging from H X 10“?_f lﬂ-B.
Sometimes, when the. gpontaneous é@tiviﬁy was well
warked, thig persisted Guring the relaxation.

More usually, however, opontaneous activity did

noy continue while the higtamine wag present in

the bath. If higtamine waz allowed to remain in
the bath, the return of gpontancous wmovements

wag often delayed for as long as fifteen minutes,

Soe figure L4,

Some of the strips of the abouwasum did nob
show gpoutonocous wmovements and when histamine
wag added to the bath, no effect wag observed,
even ithough the muscle contracted in vresponge to

the usual concentration of acetvicholine,

In addition to cauwsing vrelaxation, histamine
also diminished the countractions produced by -
acetyleholine. If higtomine was added to the
visgue bath in a concentration of 5 x 1@“7 - 10&5;
thirvty seconda before a dose of acetyleholine, tﬁé

resultant/
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Ffg. 16. Relaxant and Inhibitory action of
histamine on aocetyloholine contractions

of abomasum strip.

Contractions in response to 1 x 1l0"' acetyl-
choline. ion * 1 X 10 Jil staminé o

Hi =tamine added 10 secs, before aocetylchoJdjne



Fig. 17. Relaxant effect of histamine without
inhibition of acetylcholine. Abomasum strip.
Contractions in response to 2 x 10** acetyl-
choline. H & X lo"” histamine.

nistamlne added 10 secs, before acotvlnh”i-
“'ooilne.



Fig. 18. Effect of histamine on acetylcholine
contractions of rumen strip.
denotes addition of histamine.
= 1 X 10 acetylcholine

B = 3 X 10" histamine added 30 secs, before
acetylcholinee-

3 X 10" histamine and 1 x 10“* acetyl-

Q
I

choline added simultaneously.

A A AA A AA



resultant contraction was wuch less than in the
abpence of histamine. The antagonism between
histawine and acetylcholine which is illustrated
in fig. 15 was demonstrated both in preparations
which relaxed and in those which did not (sece
algo fig. 16). 1In some experiments, even though
there wag wmarked relaxation in response 1o
higtamine, the subsequens contraction produced
by acetylcholine was not inhivited. This effect
1¢ illustrated in fig. 17. The contractions
produced by S5HT or by adrenaline were not

antagonised by histamine.

The resgponse of strips of rumen to higtamine
closely regembled that of the abomasum. The
effect wag less marked than was seen with strips
of abomasuwm and higher concentrations of histamine
were usually needed G0 produce it. When histamine
wag added to the bath thirty seconds beifore
acetyleholine, the subsequent contraction was notv
inhibited. If histomine wag added at the same
time as acetyleholine, however, the contraction wag
diminished. Thigs effect ig illustrated in fig. 18.

Antagonicn between histamine and acetylcholine



Fig.

19. Effect of histamine on acetylcholine

contractions of rumen strip.

Contractions in response to 1 x 10%“'

acetylcholine.

1 X 10 ~ histamine for 27 mins. between arrows



Fig. 20. Effect of mepyranlne on response to
histamine. Abomasum strip.
Relaxation in response to 2 x lo"** histamine.

Mepyraraine added 3 mins. before histamine.

2 x 10** mepyramine.
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wag thusg more difficuly to demongtrate on the
ruman than or the sbowmasuw. Lven when histamine
was added to Tyrode's solution and was therefore
continnously present in the bath, the contractions
produced by acetylcholine were diminished only

for a brief period (fig. 19).

Some experiments were performed to see whether
the relaxation produced by histoamine on the abomas-
u and ruwmen could be inhibited by an anti-histawine
compound., Mepyramine naleato was used but sowme
ditficulty was experienced in finding a concentra-
tion of this drug whiech ﬁ@ulﬁ antagoniase the effeots
of histawmine without causing a progressive risge
in the tone of the muscle strip. IV wag possible,
however, to demongtrate thot when a dose of the
antagonist siwilar to that of histamine was added
three minutes before higtamine, subsequent
relaxavion dininished. Thig ig illustrated in

f'j.go 20.

Nuwnerous attempts were made using both strips
of abomasum and of rumen to dewonstrate that
mepyramine would antagonise the inhibition of

the/
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the response to acetylcholine produced by histamine,
In all these experiments, there was no convincing
evidence that the presence of mepyramine had any

significant effect.

Adrenaline. The response to adrenaline of

stripg from either the same or frowm different
compartuents varied wmuch more than the response
to acetyleholine. Sowmetimes relaxation was
observed and sometimes no response was obtained,
but contraction usually resulted when the
concentration of adrenaline was increased. The
regponse of the tissue was generally slower in

ongset than with acetylcholine and was more prolonged,

With gtrips of reticulum, contraction. occurred
in only twoe ont of six preparations in responge
to adrenaline in a concentration of 2 x 1077
(£ig. 21). The other four preparations did not
respond to adrenaline in concentrations up to
10"5 even though all gix appeared to be equally

sensitive to acetylcholine,

Strips of rumen and of abomasum responded

gimilarly/
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Fig. 23* Effect of atropine on adrenaline
contractions of abomasum strip. Contractions
in response to 4 x 10** L-adrenalinec-
ATR = X 10*"' atropine sulphate which was allowed

to act for 5 mins.

Ol
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similarly to adrenaline. When added in con-
centrations of less than § x 10'7, relaxation wgs
ugually observed, gnd when concentrations of

about 10"'6 were used, a slow contraction (as

shown in fig. 22) was produced. The abomasum
coutracted in response to adrenaline more slowly
than to acetylcholine and the contraction did

not reach itg maximum untii after two minutes,

The eifect of adrenaline persisted after washing
gut the bath, and the preparations usually returned
t0 the normal resting state some fifteen wminutes
later. When a further dosge was added before 15
minutes the contraetion produced was greater than
to the same dose given after the tissue had recover-
edl. Contractions in responge to adrenaline could
be antagonised by atropine added to the DLath before
adrenaline, but the concentration of atropine
reguired to produce this antagonism was usually

ten times wmore than was needed to antagonise the

effect of acetylcholine (see fig. 23).

Stripe of omasum were usually unresponsive
to adrenaline but occasionally a conlhracition was

observed/




EdF0 § oF 400 04 Qo OIfo ool LOIR om FomoxOo-H M1om m o= g
*o0FI0,0E X400 00 plom m 04 oolo<oonx mf 0on0$400x400

#mhk®® Dofootdox 0 Y0oF400x5000
OcI¥0,0¢X%000 mo oUIEBuoxRoe %o coa&ooAxkOMHfH£aM g



MO KO v ooyl o noIovI oy g

. ..mm 2 nmoTymXymoomOps ° 0% 0udo0ouyd omfmf§acxo
ooJmB3 § MoxQxP—g 04 Exxgo 90 49Io8n ¥o oBmoaooy °Ld °81«



73

b . 2 x 1077

observed when concentrations of 10°
were added to the bath. Councentrations of
adrenaline, which when added to the bath appeared
to produce no effect on rumen, reticnlum or omasum
often inhibited the response o acetylcholine. An
exemple of this antagonism hetween adrenaline

cand acetylcholine is ghown in fig. 24, in which
contraciions produced by acetylcholine ip a

7

concentration of & x 10 ¢ were antagonised by the

previous addition of adrenraline in & concentration

of § x 1077 -2 x 1@'6.

polydroxytyyptawmive. jS-lydroxytryptamine (s87)
in concentrations of 5 x 1070 - 10;5.eaused
contraction of strips of abomasum, rveticulum and
rumen, but in some preparations, vepeated doses
showed tachyphylaxls with a rapidly decreasing
regponse. Qontractions produced by SHT were slower
in onget than those produced by aceiylcholine, and
did not usually reach their wmexiwum until after

two minutes. This ig iliungtrated in fig. 25 where
it will be seen that there was no significant
reaponse ¢of thoe omasum even when doses were used
whiceh were 100 Himes greatber than those whieh
produced ocontraction of gbtrips from the other
compartuents. Murther invesgtigation of the

regponse/
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response of the omasum to HHT revealed that when
low concentrations (10“7) of the drug were ewmployed,
a contraction wag sometimes obtained., If this

doge was repeated, however, a warked tachyphylaxis
occurred, and no furiher contractions were seen,

See fig. 206,

Stripg of reticulum and rumen contracted
nore vapidly than {thosc of abowasum, bul there
ware no significant differences in their sensitivity

to S5HT.

Antagonism by lysergic acid diethylamide
(L8D) was dewonstrated im preparations of reticulum,
rumen and abomasum. The concenivation of LSDH
euployed wag 1079 - 4 x 10”0 and the effoct was
not fully doveloped until 15 - 18 minutes after
it wags added to the bath. This delayed effect
is ghown in fig. 27, where it can be sceen that
a wuch greatey inhibition of the response to SHY
was obtained nine minutes after the antagonist
had been washed out than occurred when it wag
present in the tissue bath., These concentrations
of LSD did not influence the rosponse of the tissue

to acetylcholine.
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Diacugsion.,

Little difficulty has been expericnced in

these experiments in obiaining asctive preparations

of isolated strips fyom ecach compartwment of the sheep
gtouwnach. It is posesible ithat the explanation for the
difficulties encounitered by Duncan (1954) way be
asgoociated with a delay im sctting up the wuscle
gbrips. This is ceritainly the only factor which, in
the present investigation has been associated with o

Taillure of vhe preparations to give a typical response.

it may be noted also that bhoth Dunecan (195%)
and Dussardier and Navaryo (1953) wmaintanived the
teuperature of the tissue hath at 3808, whereas, in
the present experiments, it was found that although
prepavations kept at this temperature were active
initially, they failed to respond to drugs afier two
or three hours. On the other hand, when the temperature
wag wmaintained ay 37009 the strips of igolated tissue

romoined sensitive for several hours,

Spontaneous movement of the isolated strip
0f tisaue did not give o reliable indication of
its sengitivity to drugs. Unlike Duncaun, who used
this as a wmeans of delecting suitable preparatiouns
for her experiwentsg, mnore counsistency was obtained
in the present experiments when preparations were

selected/




selected according to their ability to give a

congistent prelininary response.

It is not cleay how relevant spountaneous
movements in isolated tissue preparations are
to theivr wegpounse o dvrugs. Dussardieyr and
Navarro (195%), howover, investigated this
aspect in come detbail, using isclated styvips of
ox gtowachi. They obrerved that it was possible
to demonsgtrate a change in the rate and gize of
spontaneous movement in respounse to drugs., No
special study hag been made of these movements

in the presemt investigation. Some ohgerva-

tiong, however, were made on the effects of some

drugs on the spontaneous movement of isolated
stripes of tissue taken frow differont coupavi-

ments of the sheep stomach, but no congistent

76

effects were obgerved whon nicotine, hexawmethonium,

atropine and lysergic acid diethylamide were
added in different concentrations to the

igsolated tissue bath,.

Of all the drugs tested in this investiga-
tion, only acetyleholine unfailingly caused

rapid/
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rapid contractiouns., The differonces in the

speed of contraction of isolated atrips from
each cowpartment arc approximately the same as
those whiclh have been observed fox gponianeous
movements in the intaet sheep. Thus, strips of
reticulun contracted fully within a few seconds,
gtrips of rumen within %0 sccond, whilst strips
of omasuw and abomasum contracted wuch wore
slowly, taking several minutes to vreach a
maximum. These findings are consistent with

the generally accepted view that acetylcholine is
probably tho mediator of the vagus nerve in ibhe
sheep stomach. Dale and Feldberg (1934) have
provided conelﬁsive evidence that there is an
inereased output of acetylecholine from the dog
gstomach following stimulation of the vagus nerve,
Such evidence has not yet been obtained for the

shecp stowmach,

The results of the investigation of the
action of adremaline recorded in this thesis
do litile more than coufirm ithe previous reports
of Dussardier and Navarro (1953) and Duncan (1954).
A dual action of adrenaline on isolated strips

of fundus of rat stomach was reported in 19206 by
Brown/



Brown and MeSwiney. These authors found that
when the tonus of the preparation was high,
adrenaline caused 2o relaxation, but when the
tonug was low, contraction was seell. They
also noted that when reclaxation did occur, it
might bhe followed by what they termed "an

indefinite wotor effect®,

In the ruminant, adrenaline given
intravenously inhibits stomaeh movcments,
Dussardior (1954) using epinal sheep and
Duncan (1954) using vagotomised sheep have
each gshown, however, that when the normal
gpontancous mévements of the stomach are
absent, intravenous injection of adroumaline

gometines causes contraction of the reticulum,

It scems clear, therefore, that the
action of adrenaline on isolated strips of
muscle from the sheep stomach is similar to

its action on the atomaoh‘in vivo,

The actibns of S-hydroxytryptomine (5HT)
in isolated strips of sheep stomach are

similar/

78
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gimilaxr to:tbat observed in many other types of
snmooth nuscle. The tendency of preparations to
show tLachyphylaxis after repeated doses is well~-
known, and Gaddum (1953) showed that guinea~-nig
1leun could be made insensitive to further doses
cf SHT by ellowing it to romain in contaet with

a large dose of this drug for o prolonged peried,
Gaddum and Uemeed (1954) have claseified recceptors

of H5HT into two groupsi-

a) those which arc not desensitised by repeated
doses, but in which the yesponse isg readily
antagonised by lysergic acid diethylamide.

b) those which are easily desensitised by repeat-
el doses of S5HT and in which conitractions are
not so roadily antagonised by lysergie acid

diethylamide.

The results of the present investigation
indicate that receptors in the rumen, reticulum
and abomasum should be included in the first

group, and these of the omasum in the second.

The/
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The cousistent relexation of abomasal strips
produced by histamine was rathey surprising in
view of the conclusion by Dumcan (1954} that
higstomine had little effcot on such preparations,.
Examination of an illustration in her paper,
however, shows that a slight relaxation of an
isolated strip of abowasum occurred in response
te histamine, The apparent failure of Duncan to
obtain a consistent response to histamine may
have been due, at least in pari, to the use of
preparationé vhich were less sensitive t han those

used in the present investigation.

The regponses to histomine desoribed were
obtained congigtently and it is reasonable to
concludp that they are charancteristic of histamine
and not of the phosphate radical. Addition of
godium acid phosphate to the bath in the same
eoncentration as ocecurred in a2 solution of higta-

mine acid phosphate produced no effect.

The significance of the apparent antagonism

between histamine and acetyloholine is not clear,

1t/
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It ie difficult to account for the faet that
higtanine sometimes failed to inhibit the
response of isolated strips of abomasum to
acetylcholine, although it produced its typical
relaxation. Only by further study of this
problem could it be decided whether or not this

can be attributed to a dual effeet of histamnine,

Histamine did noi cause contracticn of
iselated strips frow any compariwent of the
agheep stomach, an observotion which has alsgo
baen noted by Duncan (1054). The inability
of muscle frow the shoep stomach to coniract
in response to histemine is rather surpricing,
in view of the fact that coniractions of stomach
wugcle of other species have bheen obsexved.,
Undexr the conditions used in the present investi-
gation, it was found that histamine contracted
isolated strips of wuscle from the guinea-pig
stomach, Von Graf, and Delak (1951) found that
histamine contracted isolated strips from the ox
rumen and Waldor (1935) showed that histamine
also contracted iasolated muscularis mucosae of
the human stomach. On the otvher hand, Alexander

(1o51)/
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{1951 ) fTound that in the horse, histamine given
by intravenous injection had little effcot on
spontancous contractions of the stomach, although

an increase in honus wasg observed.

The inabllity of wepyramine to antagonise
the action of histamine on stripg of abowmasum is
rather difficult to explain. Concentrations of
mepyranine, which inhibited the respouse of
igolated duodenum to histamine, did not inhibit
relaxation of sitrips of abomasum produced by
similar concentyrations of histomine. It is well
Enown that anti-histamine drugo do noet inhibit
the secretion of gasiric juice in response to
histamine, although they effectvively antagonise
the action of higtamine on smooth muscle.
Although the responge of both rumen and abomasum
ptripe to higtamine could gometimes be antagon-
igsed by wmepyramine, this wag never well marked

in the abomasun,

On the basis of this evidence, it ia suggested
that the relative ineffectiveness of mepyramine
may be due to its inability to penetrate abomasal

tissues/
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tigsues in a conceniration suffieient to
antagonise the action of higtamine., This is
supported by the expeoriments which showed that,
whilst antagonism occurred fairly quickly in
preparations of rumon, Lt was not obsgerved
ever after strips of abomagum had bHeen expoged
to the pawme concentrations of wepyramine for

20 « 30 minutes.

In conclusion it would appear from thesg
results that histamine hag no divect action on
tne gwmooth muscle of veviculum and omagsum and
has only 8 slight depregsont action on wmuscle
from the rumen. Abomasal wmuscle, on the other
hand, is relaxed by histamine and it normal
rvegponse to acetylcholine ig diminished. It is,
therefore, unlikely that paralysig of the reticul-
um and rumen which follows the intravenous
injection of histawmine ig due to any action
on stomach wuscle. Poaralysis of the abomasuu,
may, however, result from suwch 2 direct action of

higtamine,
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Methods for Recording Stomaeh Movements in

Conseious Shoeep.

A procedure suitable for the continuous
recording of stomach wovements was described
in detail by Sechalk & Amadon (1928). Similar
methods were employed by Phillipson (1939) and
have been used Dy mosat other workers interested
in this problem. Sheep, catile or goats are
fitted with pormanent rumenal and abomasal cannulae
and novewments of these compartments are recorded
as changes in pressure in inflated balloons
introduced through the eannulae. By this wmeans
novements of the reticulum may also he recorded
ag this compartment can be reached from the
rumenal cannula by dirceting forward a long tube
bearing a balloon. Contractions of the omasum
cannot bhe satisfactorily reeordeﬁ in this way as
it is not posgsible to dircet a balloom iuto this
compartment blindly. Farthermore the presence
of an inflated balloon in the omasal canal wmight
tend to hinder the flow of food material and so

create an artificial obstruction.

A/
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A wmethod for recording actual preossure
changes by means of an open-ended tube intro-
duced through a cannula has also been descrihed
(Mougherty 1941)., This has the disadvantage that
it is only satisfactory in regions of thg stomach
which are normally occupied by gas so that the
tube does not bhecome Hlocked by fluid and semi-
s0lid food material. In spite of this obvious
limitation sueh a wmethod foxr recording actual gas
pregssures way be of particular value in oxperi-
wents involving gasceous distension of the rumen.
Miniature pressure transducers comuecited directly
to amplifiery and recording apparatus have also
been used by Hill (1960) to study the changes
in oregsurc whiehvoeour in the oesophagus during

regurgitation,

In wost investipgations of gastric motility
pressure changes in an inflated balloon have been
transmitted either to a tambour or to a water
manoneter. The latter has been Titted with a float
bearing g writing point whilst the tambour has

been/
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heen connected to a frontal writing lever. In
Both cases tracings have been made on a rotating
gmoked drum. Although sueh apparatus csn function
in a perfectly satigfactory wmanneyr it is suscept-
ible to all extrancous vibrations and furithermore
it is often difficult to prevent the float of the
water wmanomoter from gticking. Although, at

the start of the proesent invesgtigation water
manoneters wore used, thege were eventually
replaced hydz}ectrOEic pressure transducers

coupled te/multi-channel pen oscillograph.

P2
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Pxpnevimental Invegtigation.

Recordinsg Apparatus.

In the fivst stage of this investigatioun,
pressure changes in the balloong were indicated
by weter manometers. These were of a conveniione
al pattern ( made by C.¥. Palwer Ltd.) and bore
recording floats with writing points which traced
on a swmokod paper kymograph., The balloons were
inflated to a pressure of 10 - 15 cm. of water
which was sufficient to give a seusitive response

to movements of the stomach,

Although such a systemn has the great werit
of simplicity it was not casy to align wore than
one manoncter agaiunst the kywograph without risk
of overlapping. PFuarthermore, there was sowmetimes
a tendency for f£loats t¢o stick in the tubes whilst
the pointers woved erratically at the heipght of

each countraction,

When sufficient spparatus beecame available
to permit the electronic recording of pressure
changes, the use of water manometers was abandoned,
The electronic apparatus consisted of & pressure

sensitive/
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gengitive tronsducer, amplifier and pen recorder
and two suweh channels were available. At the
gtart of cach experiment the apparatus was cali-
brated against a water wmounometer Sﬂ.@hﬂt, if
required, pressvre changes could be exressed

in ewm, of water. Although this eqﬁipment was
somewhat cumbersome, the dectrounic itransducers
were wore sengitive and the tyraces obtained were
free from wmany of the arteiacts geen in the smoked
paper records. Brief details of the equipment

used are given in Appendix 1.,




Fig. 28. Rumen cannula.



Fige 29. Position of rumen cannula in relation
o tissues.
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Materials and Methods.

Runenal cannula. This was of the type first

deseribed by Jarrett (1948) and is illustrated

in figs. 23 ané 29, The cannula was congtructed

of polyvinyl chloride tuhiﬁg 1" dimternal diameterx

to whiech PVC sheet was welded to give the requisite
shape. The tube was 3" long and bore a double
collar at the outer end. The inner end was connected
to a wide circular flange 3" diameter so construct-
ed that it was flexible enough to allew the caunnula

to be tightly fitted to the wall of the rumen.

When fitted, a large perspex washex 3¢
diameter was passed over the tube externally and
thisg was held in place by a polythene collar as
ghown in the diagram, The canmala wag clesed either
by weans of a rubbey buig or more often by a piece
of polythene sheeting held in place by a rubber

baud.

Cannulae retrieved from sheep which had been
in place for several wounths had losi wuch of
their elasticity and were not used again in

other/



Fig. 30. Abomaaal Cannula.

Above: Assembled. below: Component parts.
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other sheep. (Rumen canuulae were made by Port-

land Plastics Ltd., liythe, Kent).

Abomasal cannulae, Rigid perspex 1" diameter

canntilae were used in the sbomasum as illustrated
in fig. 30. %The cannula was threcaded to take

two washers and a stopper to close it when not in
use. The internal end of the cannula parried a
rim 14" diameter. The fenostrated collar was
attached to the serosal suxface of the abomasum

to lie between thig organ and the parietal periton-
et whilst the other plain washor was fitted
externally to hold the cannula firmly in place.
(Abomasal cannulae were constructed by Mr. Turnbull

of the Veterinary School.)

Preparation of Sheep with Permanent Stomach Cannulae.

Nine half-bred cwes were fitted with rumen
camulae and in three of these the abomasum was
cannulated also., Adult ewes were obtained in small
lots at a local wmarket and were kept at pasture
until required for oxperiwment whem they were
housed individually in indoor sheep pens approximate-

1y 7' x 4°'.,

In/
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In the course of these experimenis two sheep
dicd within 21 days after operation for insertion
of the rumen cannula. In neither case wag there
any obvious cause of death and the operation sites
did not appear Ho be infected or abunormal in any
other way. Ag there wae a compleite absence of
legiong gamples were taken for bacterviological
exanination but were negative for clostyidial
toxins., In gpite of this, however, it was thought
that death had possibly resulted frow clogtridium
welchii infection which hag been encouniered by
other workers. (Hill 1051, Singleton 1959 pcrsonal
~communicaiion). For this reason all experimental
sheep were subseguently vaccinated using 2 wml. of
a polyvalent clogtridium welchii vaccine given

subcutancously. ("Ovilin® Glaxo Ltd.)

The operation for caunulation of the rumen
wag performed in two stages with an intervel of
7 - 10 days between each stage. First the ruamen
was sutured to the abdominal wall in the left
flank region so that peymanent adhesion occurred.

An

oo

neision was then wade through the adherent

area/
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Site of rumen adhesion.
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area lavge enough to allow the inseriion of a

camula,

Bach sheeé wage housed on the day bhefore the
first stage of the operaition énd food was withheld
for 24 hours so that the rumen was not completely
filled. Tﬁe sheep was weighed and anaesthesia was
induced with 6% sodiunm pen%abarhitoneﬁ given by
rapid intravenous injection. The shesep weighed
60 -~ 80 Kg. and requived 25 - 30 ml. of pento-
parbitone solution (1.5 - 1.8 G of sodium penio-
barbitone) {0 produce a medium depth of anaesthesia.,
An cndotracheal tubke was then inserted and the
aninmal wae conuvected to a closed-civeuit anaesthet-
ic apparatus with cirecle absorber for the removal
of carbon dinxideev Anaesthesia was maintained

with a eyclopropane-~oxygen mixture.

Phe sheep was placed on its right side and
an axrea of skin on the lefd flankrvas prepared,
This area was denarcated by tﬁe,last rib anteriore
1y and the hind-liwb posteriorly andis indicated
in figure 31. The operation site was cleaned

‘i

with/

® "Hembutal® Abbott'g.
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with cegirinide tinciure and sterile drapes were
applied. A vertical incigion 7 - 8 cm. long was
nade mide-way between the last rib and the anterior
edge ol the muscle wmass of ithe left hind 1limb
gtarting at a point about 10 cw. below the luwmbar
transvérsgxprocesses. Raving yeached the peritoneum
this was ceui and the vumen was drawn up to the
incision and held by twe pairs of tissue forceps.
Four nylon anchoring sutures were then placed as
shown in figure 32 at a ﬂistanee of about 8 cwm.
from each other. FBach suture was passed through
the entire thickness of the abdominal wall and then
through the muscular wall of the rumen before
vetburning through the abdominal wall, The portion
of rumen wall which projected into the ineision
was then held by uylon sutures as shown in figure
3%, Interrupted watiress sutures were uged and
threce of these were usually gufficient. The sheep
was given an intramusculay injectvion of 1.5 million
univs of procaine penicillih sunepension {Mylipen
Glaxo Lid) at the ond of the operation and this

vas repeatved each day for 4 daya.

A1l/
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All sheep wvere able to stand within 3 hours
of vemoval from the surgery and had started ‘o

cat within 2 - 35 days. Subtures were removed & - 7

dayvs after the opevation,
Y

At the sccond operation the sheep was again
anaesthetiged and placed on a table on its vight
side, An incision about 5 ¢m. long was then made
thirough the adherent tissue at the original incision
andian opening was made ivte the rumen. A rumen
cannula was then inserted and held in place by
meang of the external washer and polythene collar.
In one gheep it was found ét the scecond operation
that little adhesion had occurred and in this
animal the runen was ve-sutured to the abdominal
wall and the caunnula inseried at one operation.
Injectiong of procaine penicillin suspension were

repeated daily for % daysg.

Abvonmasal cannulac were {itted in threce sheep
which had been provided width rumen cannulae soue
wooks previously. The sheep was anaesithetised
ag described above and placed on the table on its

loft side. An arca of skin over the abdomen to

the/



Fig. 34. Abomasal cannula showing method of
attachuent to wall of abonasum,

Purse string sutures




Pips 55,

View of cannula in position in abomasun.
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the right side ¢f the nid-line was elipped, and
prepared for operation. A right paramedian
incision was then made about 15 - 20 om. from
the mid-line and {the abomasum wag found lying

below this incision,

The abomasum was drawn up into the ineision
by means of tissue fovceps and held so that the
lateral wall was prescented at the junction of
the cardiac and pylorie vegionsg. An incigion
was aade in the proximal pyloric region and the
cannula was ingorted. It was secured by weans
of a purse sitring suture afiter which the sutured
edge was invaginated aund the fold held in place
by a second purse string suture as shown in fig.
3% . The fenesirated washer was then screwed on
wntil it was touching the abomomm. It was then
attached to the muscular wall eof the abomasuwm by
nmeang of sutures in the mapner illustrated in fig,

35.

A small stab-wound was made in the ablominal
wall between the operation site and the mid-line.
The neck of the canuula was directed through

this/



thig and held in placﬁ§by'means of the second
washer. The original incision was then cloged
by a continuous suture taking in peritoncum and
wuacle layers whilst the cutb edges of shin were
drawn together by a row of interrupted matiress
sutures. Pogst-operative treatment was similar %o
that described foyr the operation for cannulation

of the rumen.
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Method for Recording Stomach Movements.

Cannulated sheep were housed in individual
ﬁens and weve fed a dioct of concentrates and hay
with water ad 1ib. Accurate feeding vecords were
nod kKept bui the sheep were given about 1 XKg of
concentrates and unlimited hay daily. A hut was
obtained and converted to provide accommodation
for two sheep. The ittings in ﬁhiﬁ hut wore
consbtructed 8o that recordings of stomach nove-—
ments could he made without taking the sheep out
of its pen 80 creating as little disturbance as
possible. The general layoult of the apparatus
and method of restraining a sheep arve ind cated
in fig. %6. This avrangement had the advantage
that the sheep did not have 1o be woved to a
gtrange envirvomment and, as the hut was igsolated
frowm the other buildings, experiments could usually

be eavrvied on without disturbance,

At the steart of an experiment the head of
the sheep wag drawn through the yoke in the record-
ing stand and its collax was tied to the iramework,.
Sheoep stood in the stand for % - 5 hours bug

often/



often became veatlesy towards the end of a long
period of recovding. They appeared to stand more
guictly when attended and were sometimes guite
agitated if left alone. The prosence oif another
sheep in the opposite pen also seomed o have a
reagsuring influence., This peculiarity was noted
by Phillipson (1939) who found that sheep often

refused to eat normally if kept alone,

The cover was romoved from the rumen cannula
and tubes bearing the rcecording balloons were
introdugced. Surgeong fiunger cotg 6.0 cm. % 1.5 cul.
Cin diameter were used as balloouns and were securely
tiod to the ends eof 8 um. external diometer pressure
tubing,. 1In wmozt sheep ithe reticulum balloon
wag intreduced on a wire director which was
bent to facilitaté passage over the snterior
pillar ah& rebiculo-ruminal folds The position
of this balloon was deterwmined by the nature
of the wovements whioh it recorded, When
typical rapid reticular movenents were not obtained,

the/



Flg» 37# Bung in position in rumen cannula. Note tubes

for reticulum and rumen balloons.

.
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the balloon was withdrawn and re-introduced.
Although it was impossible either_to view oy to
palpate the reticulum balloon in situ, it was
usually possible to decide whether the veticulum
had been reached by the ease with which the
balloon had been introduced. The ruméu balloon
was carried on a tube 18 cm. long and wasg dirvected
through the esnnula at right angles to the long

axis 0of the sheep.

The tubes carvying the balloon were connecied
to a bung which was fitted in the cannula (fig. 37).
Connections to the wrecording apparatus were made
with lengihs of pressure tubing. A similar balloon
was used for recording wovements of the abomasum
and this was f£ivted to & poiythene:ﬁuhe & wme in

diameter and 10 cm. long.




Flg» 38e Normal movementa of retloulum and rumen

10 seo. time marker.

RUMEN

RETICULUM
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Results.

LA A P L O T

Normal Movemeunts of the Stomach.

Movenenis of the reticulum and rumen were
recorded - in f£ive sheep. Records of abomasal
movenents were also obwvained from two 0f these
sheep. Uypical recoxds ave shown in figs %8 and
%0, The voticuluwm in?ariably showedd a double
contyraction gstarting just before the contraciion
of the dorsal gac of Hthe yumen. The Latter
ugually conitracted once in each eyocle but double
runtinal contracitions gowetiwmes alternated with
single wmovements a patiern descrived by Phillipson
(1946). This pattern is illustrated in Tig. 58.
The seguence was not congtant and in g ome recovrd-
ings two c¢ycles with single contractions of the
rumen wnight be followed by a double contraction

as scen in fig. 59.

Movements of the abomagsum ave shown in fig.
0, 'These wvaried considerably in foxrce and
frequency and it was not possible to corvelate
ahomagal contracitiong wiith wmovements of the

reticulo-runen. In sowne experiments however,
large/



Table I. Inhibitory effect of 2.0 - 4.0 “~g/Kg histamine
I»V. on movements of reticulum, rumen and abomasum.

Shaded areas » complete inhibition.
Clear areas = recovery period.

RETICULUM
M#NE RUMEN
im ABOMASUM

S8

ID 15 20 25 30
MINUTES
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lavge abomasal movements appeared to follow

contyraction of the vumen in each cycle.

The frequoency of gtomach wovencents was
increased hy'feeaing whilgd, during rumination,
an extya coutruction of ihe rvesiculum preceded
each vegurgiteition, Respirvatory movements wore
frequently recorded by balioons in the veticulum
and abomasum bBut rarvely affected the bhalioon placed

in the vrumen.

Phe GiTect of Higtanmine on Stomach Movements.

Histamine was given by intravenous injection
in 16 experiments. The resul 4o obiéained for each
aheep are summaricsed in Table Y. Doses of hista-
mine greator than 2.0 pg/Kg. invariably gave vise
O GO deﬁyesgian of the movements of all three
compartments, In gencral, wovements of the
rebiculum were inhibited less completely than
thone of the rumen and alse tended to return
wore yapidly bo noermal. Inhibition of ruminal
contraction was usually followed by a prolounged
recovery peviod in which the wmovemenis slowly

inereased/
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increased in foree fo vreach the pre-injection
level. 1In the ecarly part of the recovery period
runinal wmovements tended algo to be rather

ivvegulay.

The effecﬁ of an intravenous injection of
higtamine is shown in fig. 1., In this experiment
movéments of the weticulum were inhibited for 6
minutes and those of the rumen for 5 minutes.

The vecovery period for ruminal movements was 22
mninutes. It can be seon from Table I that the
duration of depression of stomach movemonts is

proportional to the dose of higtawine injected.

Iahibition of abomasal movements was often
preeéded by a decrease in jonug of this comparte
ment. This was clearly secn in fig. 42. Move~
ments of the abonasum tended to retuvrn slowly
after an injection of histomine. 'The abomasum
was not, however, noticesbly wore seunsivive to
the action of higtamine than the fore~gtomach

conmparitments,

Doses/
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Doges of hisgtowmine greater than é.O;»g/Kg
gave rige 4o regilessness with frequent defaecco-
tion and sneezing. Respirations were algo

accelerated and became more vigorous,.

Having established a threshold dose for the
guppresgsion of stomach movements attention was
turned 1o the production of prolonged inhibition
by the intravenous infugion of histamine, An
infusion rate of 2.5 [g/Kg per minute caused
inhibition of movenments of the reticulum and rumen
during the period of infusion and for some time
aftervards, HRuminal movements tended to reappear
gradually ag in tho experiments in which a single
dose of histamine was given. %Yhe effect of an
infugion on wovemenits of the reticuium and rumen
ig shown in fig. 4%. Infusions werce continued
for %0 nminutes to one hour and sheep defascated
freguently during this poriod. Repeated
sneezing was also commonly observed. Infusion
at a rate of 8.0 Rg/Kg per wminute inm one
sheep cauged great respirvatory diatress with
marked hypoerpnoea. The disiross continued fowx

approxinately/
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approximately 2& minubtes after the infusion had
been stopped aund conbracitions of the reticulum
and rumen re-appeaved at about the same time ag

the breathing returned to normal,

Sheep were ¢till able 4o eruciate even when
movements of the reticulua and ruwmen were absent,
although this appeared to reguirve move effort

than normal,

Antagonism of the Action of Higtowine hy Mepyra-
wine Maleate.

Intramuscular injections of 0.5 wg/Kg. mepyra-
iine maleate partially avtagonigsed the eifcet of
histamine but did not completely abolish the
depression of movenents. Doses of 1 wg/g. complete-

1y antagonised the effect of QtLg/Kg higtamine,




105

Actiong of Llarge Doses of Histamine in Conasecioug
Sheep e.

In the experiments described in the foree
going section the observations were confined mosi-—
ly to the effeots on gtomach wmovements. Other
effects were noted in addition, however, but
these wore ugually seen only when deses of
higtanine wero used which weve larvger than those
reguired merely to inhibit wovements of the
gtomach. The effects observed included repeated
defaccation, impalved eyuctation and respiratory
embarvassment. These effecits were produced by

doges 0f § = IO‘Lg/Kg.

The actiong of wuech larger doses of higtamine
were examined in four conscious sheep Lo provide
some indication of the syuptoms of gevere hista-
mine intoxication in thisg species. Histamine
wag given by rapid intvavenous injection and the
sheep were resivrained only during t he period of
injection. Observatbions oif respivatory rate,
and ruminal movemnents were made at 2% minute

intervals until the sheep had yedurned to normal.

s/
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A brief descyiption of ithe experiments is given

’

below,.

1. A half brod sve weighing 82 Kg. was given
0.2 mg/Kg. histamine intravenously into the
Jugular véin, Within one minute the aniwmal
showed gevere hyperpnoea bat without any
marked increase in vespivatory rate. During
the next 20 wminutes the sheep defaccated
several times and ecructated with cffoxt
although the rumen 4id not bHecome tympanitic.
A small amount of saliva appeared round +the
lips and there was slight facial ocdema which
involved the eyvelids particulavriy. The sheep
did not collapse but was uwnwilling to move.
These effects gradually hecame lesg mrked
and at %0 wminuves after the Injeciion respira-
vions weve alwmost normal., Ruminal wmovements
could not be palpated until one hour after
injection,

2. A Dlackface cwe weighing 60 Kg. was given 0.2
ng/¥g. histomine intravenouwsly. After one
minute slight facial ocedema and cougiderable
nasal discharge was apparent. In the second
minuve the shecep defaecated and after 4
minutes it becawe recumbent. The v espiratory
rate rose during ithe first minute after dosing
and remained raised for 8 winuites. Aflteyr
this the sheep breather wore slowly but
irregularly for & further 10 winutes when
respirations becawme wmore normal. The nasal
discharge and oedema were greatly reduced atd
20 minuntes after the injection and 40 winutes
Iater {the sheep was apparently normal. There
was no evidence of impaired cerucitation although
ruminal povements could not he palpated during
this period, ‘

%« AN blackTace ewe weighing %0 Kp. was given
0.2t me/Kg. hisbamine intravenously. Nasal
discharge and saliva appeared afitor one
minute and the sheep stood with ite head
lowered. The respivatory rate wag markedly
reduced/
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veduced and gurgling sounds were heaxrd at each
vespirvotion. By the end of the gscecond minute
there wos severe oedema of the eyelids and
mizzle and the vespiratory rate had risen
eongiderably. At 6 minutes after injection
the sheep became recumbent and lay with its
head outsireitcheod breathing through its wouth,.
There was a copious frothy dischavge from the
mouth and nostrils. During the next 2% minutes
the sheep appeared to be exirvomely uncomforte
avle and stood up and lay down several times,
Respivations were ropid and exaggevated and
repeated snecging starsed 18 minutes afier
doging. Throughout this period the sheep
defsecated several tiwmes. There was slight
tympanitis of the vrumen but this was noverx
marked. AU 40 wminutes after the injection,
the condition was becowming less seveore and

at 90 minutes the sheep wasgs apparentiy normal.

A hal? bred ewe weighing 84 Kg. was given

0.8 mg/Kg-histamine ineravenously oveyr a period
of one winute. Thirty secounds later the

sheep vollapsed, and urinated and defacecated
whilst lying down., Respivations became
inereasingly rapid and iaboured and the sheep
grunted repeatedly. During the next % winutes
the eyelids and muzzle hecawme grosaly ocdematous,
but there was no swelling of the limbgs. Thore
was a copious nasal and lachrymal discharge

and excessive salivation, Rowminal woveuients
ceased and the runen bhecame tympanitic although
the animal appeared 4o e ructate with consider—
able effort. Moy 1% wminutes aiter the injec-
tion these sympitoms became increasingly severe
and gurgling sounds were heard at each
reapivation. At ithis btime it appearved that

the condition wmight prove fatal and to spare
the sheep frow furither distress 100 mg. of
wmepyramine maleate was given by intramuscular
injection. Fifteen minutes later the facial
oedema seemod lesgs severe and the sheep wade
several stirained eructatsions., At 17 minutes
after the injection of wmepyramine ithe sheep
coughed, stood up and defaccated several times.
Thereafter the condition becawme progressively
less severe until at %0 winuves after the
mepyramine rvesplrations weve only slightly
increased/
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inereagsed in force and the oedoma had almost
disappeared. Iuminal wmovements did not
return, howevey, until 30 minutes later.

Prom these experiwents it may be inferred that
the toxle dose for histomine given intrawm
veuyously to an adult sheep lies in the range
of Ot - 0.8 mg/Kg. The rapid recovery of the
fivst three sheep suggested also that, as in
obher speeices, histamine muet be eleared quickly,
more especially as the effects were not much wmore
severe than those produced in provious experiments

by the continuous infusmion of Btbg/ﬁg/minute.
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The Action of Histamine on Blood Pregsure snd

Respirations of the Apnacsthetised Sheep.

With the exception of gastric secretion the
most characteristic effecte produced by swmall
systemie injections of histamine in othexr species
involve the circulatory and regpiratory systens,
In the dog and cat, for instance, intravenous
injections of histawine produee severe hypoitcngion
whilst in the guinea-~pig asphyxia resultg from

intengse brounchoconstriction.

Ag it appeared likely that similar actions
might occuxr in the sheep a series of experiments
were performed in anacsthetised sheep using those
doses of histowmine which had been shown to inhibit

contractions of the stomach,

Method.

Lach sheep was anaesthetised by an intravenous
injection of 6% sodium pentobarbitone solution
(25 « 30 mg/Kg). It was than intubated using
a cuffed endotracheal tube and connected to a
closed circuit anaesthetic apparatus. Anaesthesia

was/
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was wnaintained with 2 wixture of cyclopropane

and oxygen. The sheep was placed on a table

in dorsal recumbency and a polythene ecannula wag
ingerted in the tarsal vein to permit intravenous
injections or infusions. A carotid artery was
exposed in the neek region and a glass cannula
filled with heparinised saline was inserted.

The arterial cannula was counected Hy a column

of saline to a mercury wmanometer with writing
float tracing on a smoked paper kymograph. A
T~piece was inserted in the endotracheal tube

and the side arm was connected to a recording
tombour which also traced on the kymograph.

The latter gave an indication both of respiratory
rate and of tidal volume. flaving coumpleted the
surgical nreparation, the sheep was disconnected
from the anasesthetic circuit and anaesthesia was
maintained by the intravenous injeetion of 50 ng/Kg
chloralose in a 1% solution. A more detailed
deseription of the experimental procedure is

given in Appendix II.

In one experiment the vagus nerves were

divided/
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divided in the cervical region and elecitrical
stimulation was applied tot he peripheral ends
from a square wave stimniator. Movements of the
reticulum and abomasuvm were recorded by meansg of
alloouns placed in these compartments and connect-
ed to water manoueters as already described for

recording sitomach movements in congcious sheep.




Table Il. Effects of intravanous injection of
histamine in sheep

Blood

anaesthetised with 50 wg/Kg

chloralose. pregsure wag measured frowm

a carotid cannula

from a Y--picece in

and respirations were recorded

the endotracheal tube.

Dose of No. of ffect on Effect on

histamine. |Sheep. Blood pressure. |lRespirations.

V.20 1 None None

0.25 = 1,0 3 Depressed for None - transicnt
33 = 50 secs. decreage in depth.

2.0 -~ 10,0 b Triphagic res- Depression in
ponse. Total depth and rate
period of de- sowetimes follow-
pression 100 ed by brief hyper-
0 300 secs, ventilation.

11.0=-20.0 2 Yriphasic res~ |Depression and
ponse. Tosal gometimes apnoea
period of de- up o 40 secs.
presgion 210 duration., Follow-
$0 400 gecs, ed by hyper-—

ventilation.




Fig. 44. Effect of histamine on carotid B.P. and

respirations 40 Kg* sheep. Chloralose anaesthesia.
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Fig. 45» Effect of histamine on carotid B.P. and

respirations 40 Kg. sheep. Chloralose anaesthesia.
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Fig. 46. Effect of histamine on carotid B.P. and

respirations 42 Kg. sheep.

60

30 sec.

Chloralose anaesthesia
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Results,

In 9 acute experiments, doses of histamine
ranging from 0.2 to QO;Or&g/Kg, were given by
intravenous injaeti@ns, The results are summarised
in Table IX and typical tracings are ghown in
figes. 4% = 46, The threshold dose required to
produce an effect on blood pressure was found to
be 0.25 ﬂg/Kg. approximately. This dose had no
effect on regpirations but the wean arterial
pressure fell by 10 = 20 mw. of mercury. Doses
up to 1.0|¢g/1{g0 had a similar action but some-
times also produced some decrease in the depth
of respirations withoui affecting the respiratory

rate.

Doses of histamine greater than B.Ong/Kg.
usually gave rise to a iriphasic response oi the
arterial pressure. Thig is cleorly illustrated
in fig. 46, An initial rapid fall in blood
pressure was followed by a sharp vise to a point
which often exceeded the pre-injection level.
Thig wag followed by a slower and more prolonged
scecondary fall which lasted frowm one to several

winvtes accoyding to the gize of the dose.

Reapirations/
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Regpivations wevre depressed both in depth
and also in rate by doses of 2.0 = I0.0r\g/Kg.
histamine. This period of depression was sometines
followed by a brief peviod of hyperventilation,
Depresgsion of regpirations was still more marked
with larger doses of higtamine and short periods
of apuoea occcurred. The depression was followed
by a period of hyperventilation corresponding to
the phase of sccondary depresgion of arterial
blood pressure. The effect on rpspirations was
moest marked when histawmine was injeeted rapidly
and if the same dose was given slowly over 1 or 2
minutes little change in respirations was seen.
It appears from these results that respirations
were less sensitive to histawmine than the

girculatory sygstem.

Infusions of histawmine at rates of 7.0 -~
IO.OtLg/Kg/min. vesulted in a steady fall in
blood pressure which recovercd rapidly when the
infusion wags stopped. No tiriphasic response was
geen and regpirations were only slightly depressed

at these rates of infuaion,
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Response of the Reticulum to Vagal Stimulation.

This experiment was performed in one shecp only.
The peripheral end of the cut left cervical vagus
nerve was attached to a bipolar elgctrode. Repeat~-
ed sub-maximal stimuli of 20 volts for 5 m. sees.
were given at a frequenecy of 10 per sec. for

3 second periods. Fach period of stimulation

gave risc to a contraction of the reticulum but
-gontraciions of the abomasum did not occur,
Stimulation of the peripheral end of the vright
vagus algo failed to cause regular abowmasal

contractions but occasional movemenits were seell.

Periods of stimulation were repeated ot
intervalg of 1 minute and regular singl e
contractions of the reticulumw ere obtained. The
characteristic double coniraction seen in the
conscious sheep Aid not oecur at any stage of
the experiment. Stimulation caused a slowing of
the heart and & btemporary fall in blood pressure
followed by a vise lasting for approximately

10 seconds.

Intravenous/
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Intravenous injections of 8 pg/Kg. histamine
gave rise to a marked fall in blood pressure
but the response of the reticulum to eleectrical
stivulation was not affected. Subsequently
SOI;g/KgG atropine sulphate was given intravenously.
This considerably reduced the response of the
reticulum to vagal stimulation but did not
inhibie it altogether., It was concluded that

higtamine had no dirvect action on the reticulum.
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Discussion,

The results described in the previous section
demonstrated clearly that histamine has no
gstimulatory action on smoolh wmuscle of the sheep
stomach., This finding has been confirmed by
experiments in comscious sheep and is consistent
with the observations of Clark (1950) and Duncan

(195%).

The recordings of stowmach wovewments from
conscious sheep indicate that contractions of
the reticulum, rumen and abomasum are all
inhibited by intravenous injections of histamine,
The "in vitro" experiwments, however, showed that
the abowasum and, to a lesser extent, the rumen were
directly affected by histamine. It must be
inferred that the action of histamine in suppresge
ing movenents is indirect, at least in the
reticulum and posaibly also in the other compart-
ments. Clark (1950) considered that this was
likely as he found that countractions of the
reticulum and ruwmen elicited by clectrical stimula-

tion of the vagus were not affected by injections

ot/
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of higtamine. This experiment was repecated
in one gsheep during the course of this study and

ites results were confirmed.

Since strips of abhomasum vere wmore sensivive
0o higtamine than those from other compariments
it wag expected that, in the conscicus sheep, the
abomasum might be more sensitive to histawmine
than the other compariments. The ouly sign of
any direct action observed, however, was the
relaxation which preceded the inhibition of
abomnasal movements. The reticulum recovered
more rapidly from the effects of an injection
of histamine but it was not possible to say
whether or noit thisg difference was due to the
lack of a direct response of t he smocth muscle

of this compartment.

The ability of wmepyramine to antagonise the
depressant effeci of higtawmine on stomach movew
nents contrasted markedly with its relatively
poor anti-histaminic action on isolaied tissue.
This gives further supporit to the possibility
of an indirect action of histamine of a kind
which could be readily antagonised by a specific

antihigtaminic/




118

antihistaminiec agent.,

Indirect suppresgion of the contractions
of the sheep stomach might be a result ceither of
changes in blood flow or of an inhibitory rveflex,
The former mechanism has been examined by Alexander
(1952),in the horse, who comsidered that it was
an impertant factor, causing changes in intestinal
motility. There is as yet no evidence to show
whether the doses of histamine which inhibit
runinal movenents act by producing changes in
blood flow through the stomach and further
investigation would be needed to egtablish this

poinid.

Several inphibitory reflex mechanisms have
been described (Phillipson 19%9, Titchen 1958,
Ash 19%9) and it is possible that some of these
may he affected by histamine. The inhibition
of moveomenits of the veticulo-rumen following
dilatation of the abowmasum wighi, Lor instance, be
stimulated by the relaxent action of histawmine
on abomasal wuscle. Higtamine might also wodify
the pexvmeability of the ruminal wall to subsiances

affeciing/
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affecting the acid receptors postulated by Ash
(1959). On the other hand the stimulation, by
histamine, of acid abomasal s ecretions (Hill, 1960,
unpublished observations) would tend to stiwmulate
contraction of the reticulum (Titchen 1958).
Although these poggibilities are at present
entirely specunlative, they might usefully bhe
investigated in a further series of experiments

in decorebrate sheep,.

The prolonged inhibition which resulted frowm
intravenous infusions of histamine demonstrated
that persistent stasis wmight result from the
continuonus ahsorpbion ox release of histawmine.
Buring prolonged intravenous infusion some gigns
of respiratory embarrassament occurred suggesting
that this might also be expected in histawmine
intoxication. There was no evidence of laminitig,
noted by Scarisbrick (1954) as a syuptom of acid
indigestion and thought by Fraser (1959) to be due
to the action of histamine. Injections of histamine
made the sheep restless but this might be related

to abdominal discomfort.

The/
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The general features of the response of
sheep to histawmine are similar in wmany respects

to those seen in other specics,

Small intravenous doses of histamine cauged
a tewporary fall in bleod pressure whilst larger
doses produced a triphasic vesponse., This regponge
wag very similar to that first described in the
cat by Dale and Laidiaw {(1919). These authors
considered that, in the c¢at, the initial fall
in pressure was due to coungiriciion of the
peluonary arterioles and that t he following rise
was due 1o systemic ariteriolar consiriction. The
secondary and more prolonged fall was believed
to be due to dilatation and increased permeability
of the eapillaries. Later Burn and Dale (1926)
showed that the secondary rise in pressure was
greavly reduced after adrenalectomy indicating
that the release of adrenaline wasg also involved

in this wvesponse,

The failure of continuouns intyravenous
infugion vo produce & similar respounse was alse
to be expecited. Dale and Laidlavw (1919) Ffound

that/
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that an infusion of histamine to a cat at a rate
of 0.1 mg/min. (approx. 50 p g/Kg/min.) caused a
prompt fall in blood pressure which thereafter
remained steady at a lower level for soveral
minutes. Welss, Robb and Bllis (19%2) found that,
in man, the systolic blood pressure remained
unaltered during infusion, Wakin, Peters, Terrier
& Herton (1949) obtained similar results although
they noted that the diastolie pressure tended to
fall slightly. The lack of any wmarked hypotension
was believed to be due to compensatory vaso-
gonstriction aided by the releasge of adrenaline,
If it can be postulated that similar conditions
obuain during the infusion of hisgtamine in
conscious sheep, the persistent stasis of the
gstomach may be a result of the release of adrena~

line.

Anaesthesia appeaved to mudify theo action
of histarine on the resgspirations of sheep. In
congeious gheep the usual xesponse was in increase
in bHoth the rate and depth of respivations. This
respouse was also noted by Duncan (1954).. In
anaesthetised sheep, however, there was an initial

decrease/
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fr
decrease in the depth of respivation and with
lavger doses of histawmine the respiratory rate

was also decreaged,.

There was no ovidence of the intense broncho-
constriction chayracteristic of the response to
histamine of the guinea-pig, (Dale & Laidlaw 1910),
Bronchocongtriction is not, however, seen to the
same extent in the ecat or vabbit (McDougal & West
1953) and there appears to be considerable species
variation in this response. In both conscious and
anaesthetised sheep, injecitions of histamine
appeared to incrcease the gecyetions of the
regpiratory itraet. This effect would tend to
decrease vespiratory efficiency and so sitimulate

an increase in regspivatory rate.

"In general the experimental results indiecated
that doses of histamine sufficient to inhibit
contractions of the stomach might also be expected
to have actions elsewhere in the body. Other
effecty seen included defaecation, increased
gecretiong in the respiratory tract and an inecrease
in the respiratory rate. In anaesthetised sheep
similar doses of histamine caused a fall in blood

prossure and had a primary depregsans effect on
respirations.
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FORMARION OF HISTAMINE IN THE ALIMENTARY TRACT.

The ability of certain entoric micro-
organisms to form histamine by the decarboxyla-
tion of histidine has been recognised fYor many
years, (Mellanby and Twort 1912, Kendall and
Gebauer 1930). In a geries of papers llanke and
Koessleyr (1924 a,b, and ¢) have assessed the
conditions under which organisus were able to
decarboxylate smino-acids. They found that
higtamine and tyramine were produced "in vitro"
only when the culture medium contained a source
of oarbohydrate such as glucose or glycerol and
when an aeid reaction developed during the course
of incubation. A wedium containing wilk was
found to he most suitable for producing thegse
conditions.: With faeecal micro-orgsnisms, Haonke
and Koessler observed that deamination occurred
unless culture took place in the pregsencoe of a
suitable nitrogen~containing compound such as

potassium nitrate or ammonium chloride.

In theiy experiments, lHanke and Hoessler
uged organiswus rcecovered from hunan faeces but

mwore/
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more recently Irvine, Duthie and Waton (1959)
have shown that intestinal contents removed

from the jejunum and ileum oY an anaesthetised
dog were also able to form histamine, when
incubated for 3 hours in tyrode solution
containing histidine and at a pH value similar to
that found in the intestine. These authors also
produced evidence to show that histamine forma-
tion was depressed 1f sucocinylsulphathiazole was

added to the incubation wmixture.

Gale (1940) re-oxamined the conditions
suitable for decarboxylation of amino-acids
by coliform bacteria. He found that organisms
which had been onltured for 14 -~ 16 hours in a
broth containing 2% glucose developed potent
decarboxylage aotivity. Such orgenisms attacked
arginine, Iysine, histidine, glutamio acid and
ornithine although some eultures were not able
0 Qecarboxylate 2ll of these scids. The organisms
were cultured anaerobically and, as inocubation
proceecded, fermentation of glucose made the
medium more acid. Decarboxylation was estinated
mnogno-metrically and the amines produced wore

identified by chemical analysis. In the case

of/




of histonine, results were also checked by
biological assay. The optinum acidity fLox
histidine decarboxylase activity was at pll 4.0

and experiments were carried out at 3000 as the
enzymie activity was rapidly lost at higher
temperatures. Under these conditions decarboxyla-
tion was not enhanced by the addition of glucose

nor did the presence of oxygen have any effeet.

Farther evidence foxr the formation of
histamine by intestinal wmicro-organismus has heen
reported more recently by Wilgon (1954) and
Irvine et al. (1959). Wilson measured the total
urinary output of histawine in rats over 24 hour
periods. 'The histamine content of the ratg!
urine was decreased when the animals were given
chlortetracyline, chloramphenicol, penicillin or
phthalylsulphathiazole. All four compounds
produced a similar effeet whioh was assumed to
be due to theilr antibacterial action reducing
the number of enterie organisms avaeil}able for
histamine formation, JTrvine and his colleaguen
also measured urinary histamine, They noted
that, in both human subjects and in dogs, the
free histamine content of urine inereased after a

meal/
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wmeat weal or after feediung L-histidine in wilk,
The inerecased exeretion of histoawmine which
occurred during the five hours following such a
meal was significantly reduced when an anti-
bactoerial ageni had been given previously. IIuman
subjects were treated with succinylsulphathiazole
for 5 days whilst the dogs wevre given this drug
for 4 days and also received chlortetracycline
for the last 36 hours of this period. In bhoth

man and dog similar resulis were obtained.

The evidence doscribed indicates clearly
that certain-enterio«micro-organisms can
decarboxylate histidine and that such organisms
are fouéd in many species of aniwmals. The work
of Wilson (1954) end Irvine et al. (19%59)
suggaested also tﬁat sounie at least of this
histamine is abgorbed and ultimately excreted
in the urine and this aspect of the subject
will later be eonsidered in deteil. Before
proceeding to this, however, it ia pertinent to
examine the evidencé for the decarboxylation of

histidine by bacteria in ruminounts,

Studics/
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Studies of protein wmetabelism in ruminants
have wade it clear that mueh of the plant protein
ingested ig broken down by ruminal wmicro-organisms
to vield ammonia. Attention has been drawn to
this loss of protein~forming nitrogen by MecDonald
(1948), Chalmers Cuthbertson & Synge (1954) and
Lewis, Hill and Amnison (1957). The latter
authors have also shown that ammonia formed in
the rumen is readily absorbed but is mostly
removed from the blood during its passage
through the liver (Lewis et al. 1957). MoDonald
(1952) has observed that ammonia congtitutes the
main component of non-protein nitrogen in ruwinal
fluid and this i9 wtilised by the wmicro-~organisus
pregent, Several authors have noted the ocourr-—
cnee of free sminow-acids in ruminal filuid, however,
(Duncan, Agrawala, Huffman & Luecke 1953, Lewis
1955, and Annison 1956) and there is evidence to
show that the concentration of these acids
fluctustes with feeding. Amnnison (1956) found
that the amino-acid content fell rapidly 2 - 3
hours after feeding and presuwmed that t his was
due either to the uptake or to the de-amination
of these acids by miero-orgonisms. Lewis (1955)

found/
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found that amino-nitrogen in the ruminal flunid

of sheep was less in animals on a diet of hay
than in those having additional protein-containing
food. e observed also that, when individual
anino~acids were placed in the rumen of cannulated
sheep, Geamination occurred with the production

of ammonia., The optimum conditions of acidity
for this reaction were at pH 6.5, & normal value
for ruminal fluid of healthy sheep. Histidine
wase among the amino-acide tested by Lewie and he
showed that this acid wags also deaminated when

incubated with raminal contents.

Apart frown the ability of ruminal mioro-
organisms to undertake protein breakdown there iz
also evidence to show that amino-acids wmay be
synthesised in the rumen frowm simpler nitrogen-
containing compounde. DPuncan et al. (1953)
found that calves fed urea as their only source
of nitrogen synthesised amino-acids in the rumen.
In general the proportions of individual acids
formed were similayr to those found in calves on
a normal ration but in thie roegpeet histidine was
excaeptional, heing wmuch less in the urea~fed

calves/
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calves. There was clear ovidence, however, that
higtidine was formed iun the rumen of these calves
and the concentration regularly inoreased afiexr
feeding. Agrawala, Duncan and Muffman (195%)
reported further that ruminal organismsg in ureae-
fod calves were able to synthesige protein frow

urea within 6 hours aftor feeding.

The awmino-acid content of ruminal organisms
has been examined by Weller (1957) who studied
hydrolysates of wlcrobical preparations. lle
separated bagteria and protozoa from ruminal
fluide of sheep fed on four different tyves of
ration, Amina—acidg were geparated Lfrom the
extracta by ioun-exchange column chrowmatography
and analyses were carrvied out to estimate the
concentration of individual aecids. Histidine
was present in both baeterial and protozoal
Tractions and there did not appear to be any

v

marked differcnce ivn the histidine content of cach.

Although the pregeunce in ruminal fluids of
amino~acids including histidine i1s now well
cotablishedy the way in which these are uwetabolised

is less certaln. Sirotnak, Doetseh, Brown and

/3]
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Shaw (1953) have investigated the metabolism of
individual amino-acide by "in vitro" dincubation
with ruminal contents. Incubation was carried
out at 3900 and cach pgubstrate was buffered by a
phosphate solution to pH 6.,9. Sodium sulphide
was also added to stabilise the redox potential
and incubation was continued foxr 72 hours. OF

22 amino-acids tested evidence of decarboxylation
or de-amination was obtained with only 63 aspart-
io acid, glutamic acid, serine,arginine, cystine
and oystelne. Histidine was apparently not

affected under these conditions,

Formation of Histamine in the Rumen. The studies

of ruminal metabolism which have been discussed

doc not suggest that any appreciasble gquantity of
histawine is likely %o be found in ruminal contents,
There 1is evidenece, however, that histamine and
tyramine are sowmetimes detectoable in ruminel fluid
of cattle. The circumstances in which Dain et al.
(1955 ) discovered abnormal amounts of histawmine

in the runminal fluid of sheep have already been
descrihea.* It is neecegsary ouly to recapitulate
the conditions under which this occurred. Iumngate
et al. (1952) haﬁ.previausly noted that the feeding

of excess grain or glucose to sheep led to a change

in/
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in the ruwminal flora. Gram +ve orgonisms showed
a relative incroase in number whilst the con-
centration of non-volatile acids, and in partieculor
lzctic acld, increaged markedly. This increase
resulted in a fall in pi t0 &4l - 4,6, Under
gimilay conditiong produced by over-feeding
experimental sheep Dain et al. (1955) showed that
the formation of histomine increased as the
acidity of the yuminal filuid increased. At
p values of < pH 4.5 the hisgtowine countent
rose mavkedly and awounts exceeding QOIAg/ﬁl. were
chtained, Wistamine was exiracted chromato-
graphically and the presence of tyramine was
algo recorded in this way. In general, these
workers found that the severity of the experiwment—
ally induced disease was proporitional to the
histamine content of the ruminal fluid. Recent
xperiments by Van der Horst (1961) have support-
ed the previocus findings. He ektraeted koto-acids
and awmines from the ruminal fluid of cannulated
cattle. If glucose was added to the ruminal
contents pyruvio scid formation increased rapidly
and the pi fell., The concentration of amino-
acids and of other basic compoundg also inereased.

Ghramatographie/
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Chromatographic geparation revealed the presence
of large quantities of cadaverine, putrescine
and colawmine and smaller amounts of histamine,
tyramine and tryptamine. No quantitative estimo-

tior of these amines was yreported, however.

Although these reports provide evidence from
which it wmight be inferred thal excessive produc-
tion of histamine in the rumen contributes to
the ayndrome of "over-ecating® such an inference
depends on the assumption that free histawmine can
be absorbed from the aliwmentary tract. The

evidence in support of thigs assumption will nexti

he discussed.




Absorption of Histawmine from the Alimcentary Tract

There appears to be ne published evidence
for the abgorption of histamine in the rumen
apart from a brief reporit by Dougherty and Cello
(1949). These authors stated that histamine
gsolution sprayed through a cannula onto the
dorsal wall of the rumen of a cow caused cegsa-
tion of ruminal wmotility and warked hyperpnoea,
On the other hand Bourlé (1959) reported that
10 graws of histamine placed in the rumen of a
cow produced no effect alihough he attributed
this to the presence of hisgtamine~destroying

engymnes.

It is well-known that absorption of sone
metabolites does take place in the rumen.
Absorpition of shorit-chain fatty acids via water-
filled pores and through the lipoid wmewmbranes
of epithelial cells hag been desecribed by
Danielli, Hitochcock, Marshall and Phillipson
(1946). There is evidence also that loctate
ig abgorbed in the alimentary iraet of ruminants
hut it ig doubitful whether this takes place in the

rumen/
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rumen (Broberg 1960, Dobson 1961).

The gituation in regard to nitrogenous
compounds has received much less investigation.
The absorption of amumonia frowm the retioulén
runien hag been demonstrated by McDonald (1948).
Annison (1956) stated, however, that amino-acids
did not appear to be absorbed from the rumen,

but were normally de-~anminated.

Although no reports have been found descerib-
ing the intestinal ahgorption of histamine in run-
inante, there ig counsiderable evidence for the
occeurrence of this process in several other
gpecies. Meakins and Harington (1923) found
that when histamine was present in doses of 20=50
mg/Kg in the alimentayy tract of anaesthetised
¢ats, there was sufficient absorption 4o produce
a fall in carotid blood pressure. The effect was
mogt wmarked when histamine was present in the
ileum and was less in the duodenum and much legs
in the stomach and c¢aecum. Absorption did not
appear to be related to any abnormality of ithe
investine undexr these conditions asg when the gut
wag made anoxic by occluding the blood supply

for/



for 5 - 15 minutes, the passage of higtomine

wag not facilitated. Mammoser and Boyd (1929)
found that 5 wg/Kg doses of histamine placed in
the duodenum did notv affect the blood pressure.
When histoamine was presgent with another compound,
howevey, a profocund fall in blood pressure
cccurred. The subsiances which allowed histawine
to ewert thisg action were 0,4% HC1l, carbon tetra-
chleride and 15 - 50% ethyl alcohol; each being

given in amounts of 20 - 40 wml.

Results of a series of experiments by Hanke
and Koessler (1924) led these authors to conclude
that free uistamine was not absorbed from the gut
either in the dog or in the guinea pig. YThey
observed, however, that histemine disappeafed
from the stomach end intestines and suggested
that it might be inactivated in the intestinal

wall.

Mitehell & Code (1954) measured changes in
the 24 hour urinary output of histamine to
indicate variations in the rate at which it wasg
absorbed. These authors found that fasting
was accompanied by reduction in output whilst
a wmeat diet increased a urinary concentration

of both free and conjugated histamine. When
nistamine/




hictamine itsely was taken by wmouth, however,
there was no change'im the urinaxy free histamine
although an incirease in the conjugated form was
observed. If histamine was taken by wouth with

a meal of wmilk, bread and butter a large increase

in free urinaxyy histamine resultved.

Iyvine, Duthie, Ritchie and Waton (1959)
found that, in dogs with denervated gastrie
pouches, acid gecretion increaged after doses
of 10 - 1000 mg. histamine in saline had heen
introduced into the jejunum through a cannula,
The hourly urinary output of free histamine was
also measured and thig increased to reagh a
maxginuwm in the third houy after dosing., Aftew
portocaval venous anastomosis in some dogs, the
acid respomse 1o small doses of histamine placed
in vhe Jejunum was greatly augmented. These
authors congidered that this effect wag due to
laek of the wetabolism which normally occuryred
in the liver 8n o similar response was obteined
when doge were given amiunoguanidine which suppresg-

ed tisgue histominase activivy.
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The problem of the conjugation of histamine
either in the gut contents oy in the intestinal
wall will not be considerecd in any detail ag
this investigation ig concerned priwmarily with
evideuce for the absorption of free, physiological-
ly active histamine. Adam (1950a) observed that
£ollowing the oral adwministration of histamine
in man, about 1% of the dose appears in the urino
in a conjugated form, whilst there is only a
very small inerease in freec histamine. He further
found (Roberts & Adam 1950) ithat there was a wide
vavietion in the daily output of conjugated hista-
mine in wman whereag free histamine remained relative-
ly constant. These obgervations led him to conclude
that histamine absorbed frowm the alimentary tract
wag wostly, if nos entively, in a conjugated fora,.
Wilson (1954) obtained evidence however, to
suggest that in rats both free and conjugated
Rigtanine might Le abgorbed through the intestinal

W’all .
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Experimental Methods for Investipgating Histidine

decarboxylase Activity of Ruminal Contentg.

Most methods for examination of the histidine
decarboxylase activity of mierouorganisms have
involved incubation of cultures with solutions
of L-histidine. In early experimental work
long incubation periods of 2 - 3 days were employed
(Mellanby & Twort 1912, Koessler & Hanke 1924)
but in more regent investigationg incubation
for 2 oxr 3 hours was founé to be sufficient (Gale

1940, Irvine et al. 1959),

The optimum conditiong for demonstration of
amino-acid decarboxylase activity of Bacterium
coli have been investigated in considerable
detail by Gale (1940). He found that anaerobic
culture of organisms for 16 hours in o nedium
contvaining 2% glucose greatly increased decarb-
oxylase activity. Cultures were then incubated
fox 1 - 2 hours with L-histidiune at pH 4.0.
Although enzymic activity wag initially greater
at 3700 it declined rapidly at that temperature
and most of Gale's experiments were periormed
av ﬁOOC. Decarboxylation was assessed by the

production of 002 in a Warburg manometer but the

histamine/
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higtamine formed was both identified chewically

and agsayed biologically,

Van der Horst (1961) employed a simnilar
approach to the study of amine formation by
ruminal countents. He incubated vuminal liquid
with glucose for 24 hourg adding either fodder
cake, casein or individual amino-acids. Amines
were extracted with butanol and separated by
papey electrophoresis and subsequent chrownato-
graphy. In the present investigation incubations
have been carried out unﬁéf a variagty of
experimental conditions. Activity has been
asgessed by bioloéicai asagy of the higtamine
produced and no wmeasurements of GO2 producivion

have been wade,
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Experimental Investigation

Materials & Methods.

Runinal contents have been obtained from
heal thy sheep fitted with ruwen cannulae, These
sheep were kept indoors and fed a diet of hay and
concentrates, Somples were usually taken in the
morning 1% hours after the previous feed of
concentrates. Bach sample was centrifuged for
15 minutes at 2,000 revs/min. to remove coarse
material and the supernatant was decanted and
inmediately prepared for incubation. The pH
value of the samples was checked to avoid grossly
abnormal material, but invariably lay within

the range 5.6 ~ G.8.

Samples were nade up in 25 wml. coniecal flasks
and were incubated in a metabolic shaking incubat-
or. EBxcept where otherwise stated samples were
incubated for % hours with shaking at a rote of
approximately 50/min. At the end of the incuba-~
tion period each sample was brought to piH 4,0
by the addition of 1 N.JC1I and was then boiled
for one minute to prevent further fermentation

(Waton/
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(Waton 1956). Samples were diluted in Tyrode
golution and assayed against standard solutions

of histamine on the guinea-pig itleam preparation
suspended in atropinised Tyrode solution at

39°C. (See Appendix IV). Phe nature of the
contracting substance was verified by antagonising
with mepyranine waleate. Accurate measurements

of pil were made electrometyically, but where it
was sufficient to make only a rough determination

B.JD .M. indicator papers were employed.

Solutions. Selution:of salts were wmade np frowm

analytical grade reagents. Solutions of L=
histidine were prepared from L-higtidine mono-
hydrochloride (L.Light & Co.), and pyridoxal
S-phosphate and aminoguanidine bicarbonate were

algo obtained from L.Light and Co,
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Results.

i. Ipcubation of ruminal conitents with L-histidine
and other asgents.

Ruminal fluid was incubated under a variety
of oconditiong in a series of preliminory experi-
ments suggested by previous reports which have
already been digoussed., Variations in the tempera-
ture of inoubation indicated that there was no
evidence of histidine decarboxylation at 3000
as suggested by Gale (1940) and all subsequent
experimenta were performed at 3700. Tests of
incubation time showed that one hour was insuffic-
ient whilst periods greater than 3 hours gave no
greater yield of higtamine. Accordingly incubation
for 3 hours at 3700 was employed as a astandard

procedure in all subsequont experiments.

The effects of adding various accessory
Acompounas to the L-higbtidine substrate were next
examined. In each case the incubation wmixture
consisted of 2 ml. runinvael fluwid + 1 mi. of
L-histidine solution (1% mg/ml) + 6 ml. Tyrode
gsolution and 1 wl, of a solution of the test

compound/




TABLE IXIX

The effect of various compounds on the formation
of histamive by ruminal €iluid incubated foxr 3

hours at 3700.

Concentrationsshown in bracketes are foyx

total incubation mixiurs.,

L-histidine was proesent in a concentration

of 1.5 mg/ul.

Coupound

added,

Hist, content *p/ml of
runinal {inid.

Test Sample containing
sample. boiled ruminal
- fiuid.

Ruminal fluid alone.
L-higtidine

W "+ pyridoxal
5 phoaphate
(0.1 wg/ul).

0 + ammoniuin.
chloxide
(0.1 mg/ml.)

L + bengene
(1 drop)

¥+ aminoguanidine
bicarbonate
(0.015 wg/mi)

¥ 4+ lactic acid
(to piI 4,0)

% 4 1% glucose

05 0.20
00’.&5 0.23
Q.32 0.40
0,10 0.60
0,65 0.75
0.25 0,22
0078 0.67
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compound, In all experiments duplicate samples
were prepared and eoncentrationg of histamine
obtained were compared with those given by
ginilor samples containing hoiled ruminal fluid,
The results of a series of preliminary testo

are shown in Tablie XIII.

Pyridoxal S-phosphate was inciuded as i%
had heen suggested by HBlaschko (19%56) that this
was an essential co-enzyuie for wammalian histidine
decarboxylase. At a concentration of 0,1 mg/ml.
there was only a2 slipht increzse in histomine
formation, Greater concentrations could not bhe
used as they stimulated contractions of the guinea-
pig ileun preperction. Ammonium chloride was
employed by Koessler and Haonke (1924) to increase
decarboxylase asctivity. 1In the councentration
recommended hy these suthors however, it had no
narked action. Benzene was found by Waton (1956)
te greatly inerease the activity of wammalian
tigeue decarboxylase but in the present experi-
ments it appeared to exert a depressant effect.
The addition of aminoguanidine, whiech inhibits
the action of histawminase (Waton 1656) also

failed/
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failed to increase the histamine content of the

incubated samples,

$ince the report by Dain ot al. (1956)
agsociating histamine formation in the rumen with
an increasing concentration of lactio acid, this
compound was added to incubation mixtures in
anounts sufficient te reduce the pi to 4,0,

The result shown in Table YIT is typiloal in thot
under ﬁhese conditions the hidtamine concentration
was inoreased only slightly. Hanke and Koesslexr
(1924 ) emphasised the need foxr a supply of ferment-
able carbohydrate in ocultuvres of orgenisus showing
deearboxylase activity. In the present experiments
the additvion of glucosge had little efiect on
gamples inocubated for % hours, hut in subsequent
experiments more prolionged incubation with glucose
was found to have o warked effect. The results of

these teats will be desoribed later.

It is apparent frowm these results that little
histidine decarboxylase activity can be demoustrat-
e¢d by the incubatien of ruminal contents with
L~higtidine in the manner used successfully for

intestinal/



TABLE IV

Changes 1n acidity of ruwinal coutents following
incubation at 3?06 with 2% glucose.
- indicates NOT DONR.

|fample No. pH of Sample

| | O hrs. 18 hrs. 24 hrs. 48 hrs, 72 hrs{
3 8/1 6.50 4.80 4,70 - -

s 8/2 5.90 - 530 L,00 4,00

s 16/1 Gtgﬁ = !:;.‘35 3&.!&0 -

8 16/2 6,10 = 4475 5,05 4,05

s 16/5 6.20 = Lo 95 4.20 4,00

8 5/1 6640 - %4435 5,10 -

5] 5/2 5-?5 - ’!Z:v"‘&s & ,00 4 .00

S 8/% 5.60 = k.55 8,00 5,00
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intestinal contents by other workers. The normal
rate of production of histomine in the rumen must
conscquently be very small, although the situation

may be different for sheep on other diets,

ii. Prolonged Incubation of Ruminal PFPluid with

Glucose.

Glucose was added to a sgeries of samples of
the supernatant from ceontrifuged ruminal contents
in amounts sufficient to give o concentration of
2% W/V of the fluid. These samples were then
incubated for long periods with periodic examination
at 18 or 24 hour intervals, It soon became clear
that, in samples treated in this way, the acidity
incrensed steadily as incubation proceeded. This
is shown in Pable IV in whioh results of pil
determinations are recorded for 8 samples taken
on different occagions from 35 sheep. During the
first 24 hours ithere was a rapid fall in pi value
t0 4.1 - 4,7. At 48 hours the pH had iallen to
4,0 - 4.5, Incubavion for longer than 48 hours
produced little furither change. The rate of fall
of the pi value for each sanuple appearced to be

related/
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related to its initial acidity an@ this was lowest
in 85 although all three sheep were receiving

identical rations.

The acidity never increased beyord pil 4.0
even when samples in subsequent experiments were

incubated for 72 hours.

Samples incubated in this way were assayed
for histamine countent at 24 hour intervals. In
a preliminoyy experiment a sample frowm sheep 85
inoreased its histamine content from 0.45 to
2.4 Pg/ﬁl in 48 hours. Over a similar period,
however, a sauple from sheep S16 increased from
<0.04 to only 0.2'*g/m1. Aftor 24 hours there
was no cleayr evidence of histamine formation,
Although the differences were of a siwmiler order
in both samples the actual concentrations of
histamine were very different. This individual
variation was further emphasised in a series of
experinents with samples of ruminal fluid taken
from 85, 88 and 816. 7The pH and histamine content
of each sample was estimated after 24, 48 and 72

hours/




TABLE V.,

The formation of histamine by inecubation of

rominal contents with glilucose.
from two sheep S8 and 916,

expressed as pg/wl. of ruminal fluid,

Hisgtomine

Samples were taken

ropresents the average of 2 samples.

content is
tach {igure

pH of fluid

|6.20 5,00 4,10 =

Period of incubastion
fiours.
0 24 48 72
85 with 2% glucose 0.58 2.70 2.25 $.75
after dncubation with histiding - - 2.87 5.19
pH of filuid “§.7D 4.&ﬂ 44,00 4,00
85 with 4% glucose 0,58 = 1,18 3.45
after incubation with histidineg = - 2.86 3,32
pif of fluid 5480 4450 4,00 4,00
816 with 2% glucose Oe04 0,07 0,18 1.15
after incubation with histidingl = - 0,047 2,07
pH of Fluid 6,00 5.75 4,19 4.00.
816 with 4% glucose (004 =~ 0,10 1,08
after ineubation with higtidine| = - 0.%8 2.48
pH of f£luid 0,10 4.75 4.20 4,10
Boiled fluid ' ”
165 with 2% glucose 0,58 e 0,08 =
after incubation with histidine| - - <41.00 -
pi of fluid 15.90 6.00 4,10 -
316 with 2% glucose 0.0 ~ <0.08 =
after ineubation with histidine| = = (0,08 =

DSTRERRTIIEE RSO E e— 8




TABLE VI

The formation of histomine by inecubation of ruminal
contents in 2 golution containing 2% glucose. Saumples
were tvaken from 35 sheep §5, S8 and S$16. Histonine
content ig expressed a@,*g/ml of ruminal fluid,

Lach figure represents the averapge of 2 sauples.

]

Period of incubatiion
houys.,

Q 24 48 72

35 Uistomine content 0.%7 2.94 2,60 1,96
after incubation with histiding = - B.10 2.25
pH of fluid 560 4455 4.0 4,0
S8 Histomine content o1 (.32 0.54 0,13
after incubation with histiding e - 0.66 0.37
pH of fluid 5.9 5.3 4.0 4,0
816 Histamine content 0.0 0,28 0,4% 0,40

lafter incubation with histidine] = - 00 0.84

p¥i of Fluid 6e2 5495 4.2 4,0
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hours of imcubation., In addition at 48 ond 72

hours 2 nml. of fluid was removed from the somple

and wag incubated for 35 hours with 1 wml. of
L-histidine solution (1% wg/ml) and 7 wl. of

Tyrode golution to estimate ite potential histidine-
decarbhoxylage activity. Results of these experi-
mentg are shown in Table V and VI, Results of
incubation with 4% W/V glucose are also included

in Table V. It is clear that additional glucose
appeared to reduce the rate of histamine formation.
IPFor instance sample $5 incubated with 2% glucose
reached a histamine concentvation of 2.25 Fg/ﬁl
after 48 hours whoreas with 4% glucose the
concentration had reached only 1.18'xg/ﬁ1. The
total amouni of histomine present after incubation
with histidine was not different being 2.87 pg/umi
with 2% glucose and 2.86;&g/m1 with 4% glucose
regpectively. Results of sample S16 were essential-
ly siwilar although with this fluid the histamine
content Aid noi exceed I.O\LQ/mI until it had been

incubated for 35 days.

Results from samples taken from sheep 85, S8
and $16 are recorded in Table VI. For 85 and 8§16

the/
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the amounts of hisfamine formed were c¢f a similar
ordoy to those shown in Table IV. The greater
histamine~forming potential of 85 is clearly
showa in these results whilst it is apparent from
Table VI that 88 resembles 816 in this respect,
Changes in pH and histamine content are éhown
plotted against time for 2 experiments with 85

in fig. 47,

It may be conciuded from these results that
the formation of histamine in ruminal f£1luid con-
taining 2% glucose incubated at 3700, was inereased
as the gample became wore acid. There was no
direct covrelation however, bhotween pH value and
higtamine content. The acidity increased fairly
congigtently in every sample whereas the concentra-
tion of histamine showed no such eonaistgnt pattoyn,
The lack of direct correlation is further emphagised
by the vesults for boiled sawples in Toble V,
These were boiled for 15 minutes, hefore incubation,
Such a procedure effectively inhibited subsequent
histomine formation but did not prevent an increase

in noidity.

Decarboxylation/
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Decarbaxylatisn under these conditions wag
seen only in samples incubated for 24 « 48 hours,
Incubation with L--higtidine av the end of thisas
period goave rise to very litile more histamine
showing that there was no shortage of the awmino-~
acid substrate. Incubation for 72 hours tended
in some cases to reduce the higtamine content
compared to 48 hours samples. Seventy-two hours
incubation gave a warked increase in only one
sanple, 816 in Table V. In general, samples
having a low histamine contont formed wore on
incubation with Lehistidine than those in which
histemine wag already present, but thore was no

conglgtent pattern in stheso resulig,

iii. JIncubation of Ruminal Fluid with Histamine.

Tho amount of histamine formed by the iuncuba~
tlon of ruminal fiuid with glucoge was less than
might have been expected from the report of Dain
et al. (1955). ‘These authors found quantitics
of histomine greater than Qﬂllg/mﬁ in the ruminal
contenta of gheep which had been fed on excess of

carbohydrate/
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carbolydrate. It was possible, therefore, that
some inactivation or breakdouwn of higtamine had
occurred during incubation. This possibility was
exawined by incubating histomine with ruminal

contents in two series of experiments,

In the firgé, 1 wl, of a solution of histamine
éeid phosphate in saline containiag zorlg/ml. of
histamine bage was incubated with &4 wl, aaline
and 1 ml. of ruminel fluid. Bight such samples
were prepared and incubated at 3700; Pairs of
Samples were removed ad 5,_15, 30 and 60 minutes
énﬁ were acidified, bﬂiled;neutralised and
assaoyed for histamine. The results obtained from
other similar samples without histomine were
subtracted in. each case. HResults of two such
experiments are shown in fig. 8. In both these
experiments there was an appayrent loss of histamine
after 5 - 15 mninutes incubation but at one hour
there was an approximately couplete recovery

of histamino,

in other experiments QO‘\g histamine basgse was

inocubated/

-
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incubated for 3 hours ail 3706 with 2 ml., ruminal
£luid and 7 wml. Tyrode solution, and sanples were
get up in triplicate. Iun two such experiments
average anocunts of histamine pPresent ot the end

of 3 hours were 22.4 W8 and 19.1 pg respoctively.,
in none of these oxuperviments wag there any
appreciable loss of histamine and it was iunferrved
that ruminal contentss did not destroy or inacitivate
histamine under these conditions. The initial £all
in histomine. content did suggest, however, that

gonie temporary change way occur,




Experimental Methods for Investigation of the

Absorption of Histawmine from the Alimentary Tract.

The absorption of histamine may be assessed
either dirvectly, by measuring the histawmine content
of plaswa or urine, or indirectly, by noting
characteristic changes in blood pressure and
respirations. The latter wethod does not show
that histamine ig specifically involved bhut this
may be assumed if the effeots aro antagonised by

an anti-histeminic drug.

Direet estiwation of histamine has the
advantage that absorpiion can be expressed guantita-
tively and free histamine con be distinguished
from conjugated forms. In most of the previous
studies, which have already been discussed,
changes in urinary histomnine have been used to
indicate absorption. The publication hy Adam
Hardwick and Spencer (1957) of a simple method
for the extraction of plasma histamine has made
it posaible to measure changes in the histamine
content of eirculating blood directly. The method
employs ion exchange chromatography using a

cationic/




. cationic exchaunge resin on which higtamine

ig bound and subsequent eluted with H Cl. As

the conditions regquired for the extraotion of
free histomine differ from those at whieh
conjugated forms are removed, separation of
active and inactive cowmpounds can he achieved.
Thig method is much simpler than the carlier
method of Barsoum and Gaddum (1935) wodified by
Code (1937) in which'histamina is extracted by
boiling with strong I C1 whiceh is then evaporatoed
by bhoiling with ethyl aleohol under reduced prossure.
This wmethod does not differentinte satisfactorily
between free and counjugated compounds as free
higtamine may be released by boiling with strong

H Cl (Adam et al. 1957).

Following extraction, histamine is estimatod
by bio-assay using the guinea pig iloum preparetion,
The nature of the contracting substance is con-
firmed by antagoniswm with the specific anti-

histawinic mepyramine maleate.

In the present investigation weasurements
of piliasma histamine were wmade in both portal and

peripheral/




peripheral venous bBlood of annesthetised sheep,
Levels in the resting state were compared wiith
those obtained after a solution of histawine in
galine had been intvoduced into t he previously
emptied rumen. During some experiwments attempis
were also wmade to demonstrate changes in
respirations. In other experiments with conscious
sheep unsueccegagful attempis have been made to
show somg effect on stomach wmovements following
the introduction of histewine through a rumen
caunula. Finally experiwmenits were performed

in anaesgthetised sheep to correlate changes in
the histawine content of peripheral wvenous blood

with effects on blood presgsure and respirations.




Absorption of Histamine from the Alimentary Tract.

Materials and Methods.

Ixperimnents with Gannulated Sheep. Sheep fitted

with rumen ocannulae as described in a previous
section were used in some experimentsg. Tach sheep
was Tasted for 24 hours and on the worning of the
experiment the contents of the rumen were removed
ag compietely as pogsible and the intevior washed
with % litres of saline at 37°C. Although it was
noever pogsible to rewmove the contents entirely,
ingpection with a poritoneoscope inserted through

the gannula was ngsed 1o show how much yduained.

After cuiptying and Washing.the TURON, recoyd-
ing balloons were inserted and the gheep was placed
in o yoke and connected to the apparatus for
recording stomach wmovements. After 30 minutes =
1 hour of recording a solution of histamine in
galine was introduced thyrough the canuula and the

recording wag coniinued,

Samples of ruminal fluid were withdrawn
at intervale. These were centrifuged and the

supernatant/




supernatant was bBoiled with HCY for 1 winute. The
gamples were assayed sgainst standard solutions

of histamine on a guinca pig ileum preparation.

Experiments with Anaesthetised Sheep. Anaesthesia

was induced by the intravenous injection of 6%
sodium pentobarbitone solution (25 - 30 ng/Kg).
The sheep was placed in lateral recumbency,
intubated and connected to a closed circuit system

with clircle absorber and rebreathing bag.

Anaesthesio was mainbained with a cyeclopropane
oxygen mixture., In experiments in which recordings
of blooed pregsureaana ragpirations were to be wade
the sheep was subsequently given 50 mg/Kg chlorale
ose intravenousiy and use of the anaesthetic

apparatus was discontinued.

A polythene cannulae % mm. ext. dia, was
introduced into the tarsal vein for a distance
of some 30 cm. sufficient to reach the wain
trunk of the femoral vein., This cannula was uged

for taking samples of peripheral venous blood.

In some cxperiwents samples were also taken

frown/




£rom the portal vein, A mid-line incision was
made and a loop of intestine withdrawn. A

sinilay polythone cannula was introduced into a
branch of the wesenteric veln and wag passed up
into ithe wain porital vein. 7The pasitian of the

tip of this cannuwla was checked at post wortem
examination and in each animal it ley in the portal

vein not move than 10 om. from the liver.

Defore taking blood samples each sheep was
given 250 i.u./Kg. heparin intravenously to
prevent thrombus formation in the cannunlae, In
spite of this precoution some difficuliy was
experienced in taking samples of porital blood.

In the experiments in whieh records of arterial
hlood pressure were wmade a nylon cannula was
inserted in the right carotid artery and connected
to a Stvathan gtrain guage transducer and recording

apparatus as described in Appendix I:.

M galythené tube 1 cm. dia. was introduced
intoe the ventral sac of the rumen, and was secured
by a purse string suture. The rumen was fTirsi
ouiptied manually through & large ventral incision,

The/
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The contenis wers then replaced hy 1 litre of

gsaline at 3700.

Extraetion of hiétamine from Blood Samples. The

method used was that developed by Adam et al.

(1957) and a degeription with details of preliminary
tosts 1s given in appendix III. 10 « 15 ml. sanples
of Blood were taken into unylon contrifuge tubes
containing 100 i.u. of heparin to prevent élo%tiﬂg.
After centrifuging for 10 minutes at 2,000 rovs./min,
the plasma wasg removed and subjected to T urther
centrifugation at 3100 revs./uwin. for 60 minutes to
remove platelets. Samples of plasma were then
withdrawn and mixed with an equal volume of 6%
trichloracetic acid to precipitate protein. After
standing for one hour the samples were centrifuged
for 30 wminutes at 3100 revs./min. and the supernatant

was removed.

Histomine was oxtracted frowm the éupernatant
by passage through columns eontaining a carboxylie
ion-exchange resin (IRC 50) which had been previous-
ly prepared by treatment with sodiuw hydroxide.
Somples were run through the solumng at pd 7.92

using/
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using phosphate buffer to attain the correet

degree of alkalinity.

At thig pH frec histanine is completely
adsorbed by the resin whereas acetylhistamine is
not retained. The composite colunng are also very
genaitive to the concendtraition of sodium ions 8o
care was taken to ensure that this did not exeeed

the Limit of 0.2 N (Adeawm ef al. 1957).

The adsorbed histamine was eluted with a
fixed volume of 0,1 N HC1l and the eluate wag
gollected and subgpequently neutralised and assoyed
biclogiecally. The raite of flow of gsolutiong
through the columan was adjusted to 0,2 -~ 9,3 wl/min,
Recovery of higtamine both from pure solution and
from sheep plasma was also determined and the
results of these tests will he deseribed as a

separate appendix (See Appendix ITI).

When ithe histamine content of s sawple was
too low for assay at a dilution of 1 in § it
was used in a more concentrated form and salts were
added to produce 2 composition similar to that of

Tyrode/
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Tyrode volution (Adam et al. 1957). The salis
added were sodivm chloride, potassium chleride,
magnesium chloride, calecium chloride, sodium acid
phosphate and sodium bicarbhonsie and details of

the solutions are given in Appendix IXI.
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Resulis.

Histamine in Runien of Conscious Sheep.

Solutions of histawmine acid phosphate in
saline were put into the pertially empﬁied rumen
of sheep in five experimenis using throe sheep.
Concentrations of histamine hasc ranged from 0,04
to 10 mg/wl. and the dose of histamine given by
this route varied frow 0.5 - %0.0 mg/Kg. The
sheep were observed snd continuous records of
rumen movemenvs were made for 353 -~ 4 hours after

giving higtamine.

This proeedure had e effect on ruminal
novements noxr were there any other signs, suech
ag tachypnoeca oy repeated defaecation, which wmight
indicate that histamine had been absorbed., On the
days following cach experiment the sheep fed
normally and appeared to be cempletely unaffected.
It was concluded, from the complete lack of responge,
that free histamine was unot absorbed in any

gignificant quantity from the rumen.,

During the course of some experiments samples

of/




Table VII.

Histamine content of ruminal fluid afier dosing

with 1 gram histemine in 250 ml, saline per

cannula,

Time after doging.

ming,.

Histomine content.

Eg‘ml.

0 (before dosing)
20

o0
150

< 0,08
52

600

112
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of ruminal fluid were withdrawn for determination
of pH and histamine content., Results for one guch
experiment are ashown in Table VIEL It can he

gseen that the concentration of histamine was 0,6
mg/wl. after 150 winutes. The low value obitained
at %0 winutes wight be due to poor mixing in a
ruien which had not been empiied completely. On
the other hand 1t was possible that some tempovary
absorption had occurred snd this point will be

further considored in the discussion. (See P.71).

In another similar expoeriuent the concentra-
tion of histamine in the ruminal fluid was greater
than 1.0 mg/wl. for at least 150 winutes after
dosing. These rooults show clearly that histawmine
ig not inactivated by ruminal contents nor is
there any evidence to indicate that 1t is absorbed

in the runen,




Table VIII.

Variations in plasma histamine content of

anaesthetised sheep following the administration

of a histamine solution into the emptied rumen,
Histamine added at 0 minutes,

betails of Experiment. |[Time | Plasma Histamine,;g/ml.

winsg, Portal Peripheral
L. % grams histamine 0 0.318 0.097
in 500 ml. saline 10 - 0.13%
30 0.192 0.133
45 0.141 0.101
60 0.21% 0.109
90 0.118 0.09%3
Jz. 5 grams histamine [~15 0.102 0.064
in 500 wl, citric: 0 0,122 0.065
acid phosphate 10 - 0.068
buffer at pil 5.5.- 20 0.%36 0.172
30 0,099 0.078
45 0.078 0.086
60 0.059 0,106
%e 5 grams histamine =20 0.13%9 0.140
in 500 wml. acetate |= 5 0.214 0.21%
buffer at pil 5.5. 15 0.06% 0.078
Histawmine solution 30 0.18% 0.175
wags removed and 45 0.181 0.183
replaced by acetate| 60 0.060 0.108
buffer at 60 mins. 75 - 0,129
%0 0.050 0.156




The Bffect on Plasma Histamine Content of

Histamine in the Rumen of Anaegthetised Sheepe.

This experiment wag performed ir % halfi-bred
sheep. Histamine was placed in the previously
entptied rumen and samples of portal and peripheral
venous blood were itaken at intervals for the
extraction and estimation of histemine., In the
first experiment receords of arterial blood pressure
ang of respiyradtions were also made but these were
not affected hy the presence of histamine in the
rumen. in the second and third experimenis
histamine was dissolved in a buffcred acid
golution ot pH %.% using a citric aéid-phosphate
buffer in one experiment and an acetate bulfer
in the other. No marked variationr in the pattern
of the results was geen ag & vesulty of this

procedure.

Plagna histamine values during each of the
thraee experiments are ghown in Table VIII. Tt
ig apparent that there is no evidence of a congistent
rise in plasma free higtamine following the placing
of & solution of histamine containing 10 wmg/mi.

in/
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in the rumen. The hisvamine content of portal
plasma did, however, show a marked temporary
increase in experiment 2. 1In general idv can bhe
geen that portal vein plasma tended to contain
nore free higtamine except in experiment 3 where
the values were sinilar for both portal and
peripheral blood. A correlation between changes
in the histamine content of portal and peripheral
plasma was clearly seen in all three experiments
with the exception of the final samples in
experiments 2 and’' 3. Thig well~marked { endency
for the hﬁstamine conbend of simultanecous samples
of portal and peripheral plasma to show a similar
variation, gave considerable support to the
validity of these vesulits. In couclusion it

can be scen that these experiwents give little
evidence for the absorption of free histamiue

throngh the ruminal wall.
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Passapge of Histamine from Rumen o Abomasuiie.

It has now been elearly shown that a dose
of hiogtamine put into the rumen through a cannula
inercased the histowmine content of ruminal fluid
for several hours. During this period movements
of ﬁhe reticulum and rumen continued unchanged
s0 it scewed probable that fluid containing

histamine had passed to tho abomasum.

This suppogition was tested in a sheep Litted
with both ruminal and abomasal cannulae as described
in part 2 of this thesis. On twoe occasions
separated by an interval of a Fortnight a dose
of 1 grar of higtamine in saline at 3?00 wag put
into the rumen. Sawples of ruminal and of
abomasgal fluid were withdrawin at intervals and
their hisvemine content was estimated in ithe manner
already described. Siwmilar rvesuliés were obtained
in both expeviments and detaily of the second are
shown in fig.49. Histamine appearcd in considerable
congentration in abomasal fluid within one hour of
doging per ocannula. The concentration of histamine
in subsequent samplesg from the abomasum showed a

marked/
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morked tendency 9 rise and f211 with that of
the runinal fluwid. In both experiwmoents the
histamine content of boith stomech compartuentg

had fallen 10 its normal low level within 18 hours.

From these vesults it wasg concluded that
histamine present in the ruwen passes rapidly
to the abomasum and may subsequently wreach the small
intestine without inactivation. It was not
pogssible to assess the passage of histamine in
a quantitative wmanner as no measurementas wore
made either of fluid volumes or 0f ¢ he rate of
fiow from rumen to abomasum., The highest con-
centration of histamine recorded in abomasal
fluid was 1.28 mg/ml. This occurred 6 hours

aftter doging in the first experiment,
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Disouggion.

Previous reports have indicated that an
abnormal concentration of carbohydrate is
necessary fTor histamine formation to occuyr in
ruminal fluid. (Dain ot al. 1955, Van der Howvst
1961). 1In the incubaition experiments heve
deseribed a solution containing 2% glucose
appeared 10 provide the mosd gsuwitable conditions,
Although the increase in histamine coutent wasg
net directly proportional Ho the £all in pH value
there appearaed to bhe some correlation between
these two paranciters. Increased acidity of
ruminal conteuts was found by Hungate et al.
(1652) $0 be due to the Formation of non-volatile
acide, partiounlarly pyruvic and laectic acid.

Such an increase seecms to favour the decarboxylaw
tion of hisvidine which could nov be demenstrated
in normal ruminal fluid oven after incubation for

72 hours (Sirotnak ¢t al. 195%).

Hisgtidine-decarboxylating activity appeared
to dovelop slowly and was probably associated
with the multiplication of one particular group of

orvganismg/




168

organisnsg. Inoubation of fresh ruminal contents
for % hours with lactic aeid or with glucose

did not reveal any wmarked deearboxylase activity.
The addition of either pyridoxal 5-phosphate ox

of benzene to the incubation mixture also failed
to enhance this activity which wasg presumably due
to a Gifferent histidine decarboxylating engyme
from that found in wmammalian tissues (Waton 1956),
Although no attempt at bacterioclogical exawmination
was made it is interesting to note that decarboxyla-
tion oceurred under similer conditions to those
specified for human faecal organiswms by Hanke &

Koessler (192%) and Gale (19040).

In atitewpiing to assess the results of the
ivoubation experiwments itwo important points arise,.
These are 1) the possible contamination of the
samples and ii) the identity of the active
gubstance formed., Contamirnation was unlikely to
be involved as boiled samples incubated under
identical conditionsg showed no higtidine-decarboxyl-—
ase activity. The second point is wmore difficult
to answer satisfacstorily. Sanples were boiled
with 1NHC1 for & win. (Waton 1956) and assayed in

atropinised/
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atropiniged Tyrode solution: Results were checked
in many coges by antagonism of contractions with
the specific antihistaminic agent nepyrvamine
maleate. Nevertheless the yoesults wight be wovre
reliable guantitatively if a method had been
developed for the igolation of histamine from the

incubation mixture.

The pevsistence of histamine in the ruminal
fluid, both 'in vitro' and during incubation
experiments, does not suppoxrt the suggestion that
ruminal fluid norwmally containg a histamine
degtroying enzywe (Bcwrlé 1959). In wview of this,
it seewma likely that the concentrations of histamine
obtaeined when ruminal contents are incubaved with
glucoge represent the Hotal awmounts Lorwmed under
thiese conditions. This point is of sowme imporitance
in assessing the gignificonce of histamine formaisien
ag the concentrations of histamine involved
(<5.0 pg/ml) were very wueh less than those
recovered by Dain et al. (1955}'ir0m the runinal
fluid of an enimal which had been fed an oxcessive

amount of ocarbohydrates (f.e.)> 9Ok‘g/ml histomine).

14/
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I4 scems probable that the ability of ruminal
nicro-ovrgonisng to decarhoxylate histidine varies
congiderably according 4o conditions of feeding

and management. I&t may be concluded thait histamine
formation in vthe rumen does not occur to any
significant extvent under normsl conditions of
indoor feeding. Histamine formation might be

of more gignificance, however, if the carbohydrate

contenv of ruminal fluid were increased.,

When sheep weve doged with higtawmine per
cannula it wag found that the higtamine content
of ruminal fluid increased rapidly 1o a paximum
1% - 3% hours later. This rise was entirely
uncexpected and appeayred, at first sight, to
indicate inadeguaie wmixing of the dose within the
rumen. Similar results were obtained, however,
in experiments in which the contents of the
rwen were replaced by a solution of higtamine in
saline. Furthermore, Iinadequate wixing would be
likely Yo give a haphazard variation in histamine
content but not a steady increase. (See Table VII
and fig. W), 1t was also found that histanine had

started/
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starited to pasg to the abomasum within one hour
of dosing which would tend to produce a fall
rather than a rise in the histamine content of

ruminal fluid.

There might be several explanations of

thisg gituations

1. Ruminal fluid wmight be concentrated due to
increased absorpiion of water through the
wall of the rumen.

2. Histamine might be vapidly bound or conjugated
and later relensed.

4. The presence of histamine in the rumen might
stimnlate the forwmation oy release of wore
higsvawine.

e Histamine wmight beecome converted to a form

having greater bioclogiecal aetivity.

The firgt Factor is unlikely and could only be
responsible for the results seen if histamine itself
wodified the normal pattern of gain and losg of
water in the ruumen. Tewmporary binding by ruminal
fiuid was suspected in tho experiwmentaz in which
histanine wag incubated with the gsupernatont from the

centrifuged/
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contrifuged zuminal convents. The histanine

content of the incubated mixture fell duxing the
first 1% « 30 winutes but later rose 0 yveach

its starting point in %0 - 60 winutes. Xf higtamine
were conjugated it might be converted to acetyl~
higtamine which has no phavmacclogic activity.
(Anrep, Ayadi, Barsoum, Smith & Tallaat 1944),

This form of conjugation is believed to cecur
extensively in the intestinal tract of many speocies

ineluding man (Adam 1950 ).

Although acetylhistamine cennot be agsayed
biologically it can be converited to free histemine
by acid hydrolysis and then assayed (Adawm et al.
1957). This was carvied out with ruminal coutents
obtained in one experiment by boiling oune half
of cach sample under reflux for one hour with
concentrated HE1 but there was no evidence that

acetylhistanine had been pregent in the sawnlos,

e poasibility of further histamine formation
0y release has not been explored but no reports
have heen found which would support this suggestion.

The/
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The final possibility ig that a wore active
compound was formed. The most likely compound to
be involved is N-mothylhistamine since Vartiasinen
(1935) has shown that this compound is about twice
ag potent as histamine when asgayed on ithe guinea-
pig ilewn. Schild (1947) Ffound also that
N-moethylhistamine wap antagonised by antihistaminic
drugs so that it would not be possible to distinguish
it from histamine by the methods used in the
present investigatien. The possible production

of N-methylhistawine is of sowe importence in
aggessing the wmetabelic reactions of the rumen

and might profitably be further investigoated,

The absence of any evidence for the absorption
of higtamine through the wall of the rumen was not
in agreement with the observation made in a cow
by Dougherty & Cello {1949). In the present
experiments doses of histamine up to 2.5 graus
were completely withoutd effect_wh@n glven by
caonnunla. The concentrations of histanine attained
in the rumen during these experiments {>1 mg/ml)
far exceeded those considerved potentially toxic by

Dain/
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Dain et ol. (1955). It may be that failure to
demongirate abSQrptionlai histamineffr6ﬁ tﬁ9:rﬁme§‘
wags dae to the faeﬁ that:sheep.ﬁgfe;ﬁséd:?aiher'
than-cgws. Bovrlé (19%9) quotéﬁ évi&enéQ of
gimilay experiments in cows, howé?e?;»Whieh were
completely in agreement wiﬁh'thglﬁreéegt~findings,f
it is, however, puéﬁible thati ééme:ﬁisﬁémigeAiﬁ-
absorbed but is then Goﬁﬁuéétedriﬁ:thafﬁ311 q§

the rumen or iﬂ'the}liver, This'éspéet.nf the

w

problem was not examined ag the :investigation
was councerned only with {he absomptiqniofﬁpf-

physiologieally aotive histamine,
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DISTRIBUPION OF HISTAMING AND MAST CELLS IN THE
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175

The initial investigation of t he effeects of
histamine on the motility of t he sheep stomach has
led, on the one hand to a study of the formation
and absgorption of histamine and, on the othexr, to
a study of the distribution of endogenous histamine
in the alimentary traet. The oocurrenee and
distribution of histamine in animal tissues has
beenn extensively iuvestigated since its discovery
wag firat reported in 1910 by Darger & Dale.

It will be relevant, therefore, to review briefly
the literature relating‘to the aection of histamine
on the stomach. Later, the distribution of histam-
ine in the stomach and its relation to tissue mast

ocells will he discussced.

Actions of HUistamine in the Stomach.

Popielski (1919) and Keeton, Koch ond Lucke-
hardt (1920) showed that when histamine was
injected subcutaneously it produced a warked
inerease in gastric seecretion, but this effect
was not seen when the histawine was given
intravenously. An explanation for this difference

was/
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was provided by the experiwents of Ivy & Javois
(1925) who showed that the speed of intraveunous
injeotion was importont. They gave histawine
intravenously to dogs by continuous slow infusion
and found that a dose of 00,0027 mg/Kg/min. was
sufficient to stimulate gastric secretion. This
aspect of histamine administration has received
further careful investigation by Obrink (1948),
who found that there was, in fact, no threshold
value for the dose of histoamine reguired to stimul-
ate gastric secretion. ¥e pointed out, however,
that although histomine was always present in the
blood of the normal animal, the concentration was
not sufficient to produce a gsignificant effect

on gastric seerction.

Gastric juice produced in respounse to
higtamine has a high acid and low pepsin countent.
The action appears to be direet, as it has been
reported thaet when gagtric nmucosa is transplanted
to o suboutaneous site, it continues to secrete
in response to injections of histamine (Ivy &

Farrell 1925),

In/
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In a study of the funetion of the stomach
of ruminants, Hill (1951) has suggested that
histamine prohably stimulates acid secretion
in the abomasum, He has sgince verified this
suggestion by giving intravenous infusions of
histawmine to stimuloate secretion in a sheep
having an abomasal pouch. Code (1956) con-
ciuded that histamine is 8 "universal gastric
gtinulant", e also stated that "the predominont,
if not the entire, seqretory offect of histamine
onn the gastric mucosa is one of stimulation of

the production of aciadv,

Although it is well known that in general
histanine contracts smooth wuscle, a search of the
literature has not revealed any detailed studies
of its action on stomach wuscle. Dale & Leidlaw
(1910) found that when injected intravenously,
it caused vomiting and purging in the unanéesthetw
ised oat, but these authors Aid not comment on

the possible mode of aetion in this case.

According to Salter (1952), histawine does
not/
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not inorease peristalsis of the rat's stomach,
whilst Walder (1953) reported that it caused

only slight contraction of isolated muscularis
mucosa of the huwan stomach. The actions
degoribedl by Waldexr were obtained with concentra-
tiong of histomine of 1 in 30,000.. The contrac-
tions werce much smaller than those produced by
1/100th of this concentration of acetylcholine,
and no differences were observed in different

regiong of the gstomach.,

Distribution of Histemine in the Stomaeh.

The presence of histemine in the gastro-~
intestinal tract was first reported by Barger &
Dale (1910). They extracted it from the
intestinal wucosa of the ox, and established
its identity by chemileal and pharmacological
tests., Twenty-two years later, the isolation
of histamine frowm acid extracts was reported
by Sacks, Ivy, Burgess and Vandolah (1932).
They succeeded in preparing orystals bhoth of
the sulphate and ¢f the picrate. No other
substance was vowxised from the extracts whioh

stimulated gastric secretion, and as the activity

ot/
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of the extracts was destroyed by histaminase,
they concluded thet histamine was the principal,
if not the only, substance in gastric mucosa

capable of sctimulating secretion.

The distribution of histamine differs in the
various tissues and regions of the stonmach, and
is found in greater concentration in the gastric
nucosa than in the other tissuwes, Gavin, MeoHenry
& Wilson (19%3) ond Emmelin & Kahlson (1944) found
that histamine wag present in large amounts in
the mucosa of the stomach of the dog, and that
the concentration was higher in the body of the
stomach than at the pylorus. The former estimated
that 80% of the total histamine coutent of the

gtomach occurred in the fundic wmucosa.

In a detailed study of t he histamine content
of the gastro-intestinal tract of the dog, Douglas,
Feléborg, Paton & Schachter (1951) reported that
the wall of the oesophagus contained litile
higtamine. In the stomach, however, lorge amounts
(60 ~ 127 ng/6} vo0:14 be extracted from the gamtrioc

mucosa, but much swaller concentrations were found

in/
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in the muscularis externa (14 - 32 pg/G). The
wall of the dvodenuwm, like that of t he stomaeh,
contained high conecentrations of histamine, but
the more distai portionsg of the swmall intestine

contained progressively less histamine.,

In a further study of the distribution of
histomine in the stomach of the d og, Feldberg 2
Harris (1953) estimated the amount of histamine
whielb could be extracted frow small areas of
stomach tissue out om a freezing microtome. In
this way, they were able to relate the histamine
content to the histological strueturé of the
tissues. They comsiructed "histamine profiles®
for the wall of the stomacﬁ whieh showed how
histomine content varied from the lumen to the
serous surface, In the body of t he sfomach. the
profile showed two peaks of histamine concendra-~
tion., One of these was agsociated with t he region
of naxinum concenitration of parictal cells in the
mucosa. In the pylorix region, the profile had
only one peak which corresponded to the region
of the wuocosa couwiuwining the pyloric glandg,
Although specimens token from the body of the
stomnch/
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stomach generally yielded higher histoamine values
than those from the pylorus, specimens of pylorie
nucosa sometimes had peak concentratione of higstomine

whioh were as high as those of t he bhody.

These suthors reported that although thereo
was considerable individual variation in the
higtamine content of the tigsues, the regional
differences were similar in each animal. 1In
reviewing the aspecies differcences in the histowmine
content of gastrie mucosa, Feldberg (1956) pointed
out that large awmounts of histamine occurrcd in
the dog, whilst in the c¢at there was wmuch less,
and very little in the rat and wmouse. Compayable
Tigures for other species were notv available,
Feldborg thought it desirable, therefore, to
ciphagise the falloacy of desoribing any organ
as having a high content of histamine without

reference to the particulary gpeciesg councerned.
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Histomine and Mast Cells in ithe Aliwentary Troct.

Mast cells were first recognised 2nd so named
by Bhrlich in 1877. He showed that these cells
occurred in loose conncetive tissue and contained
gronules whieh stained mwetachromatically with
basie dyes. Later he rlso reported that the
granules were very soluble in water, a2 fact
which makes their roecognition in tissue diffiocult
unless suitable fixatives are used. Hardy &
Wesbrook (1895) found that the basophil granules
could he pregserved if tissuc was fixed in alecohol
and steined by aleoholie stains. 1In tho course
of their survey, they drew attention to the
largoe number of basophils gituated in the sube
macoga of the intestine of the dog which were not

present in the other laboratory animalsg exawmined.

The methods used for identifying mast cells
and studying their distribution have been extensive~
ly reviewed by Riley (1959). Maximow (1924} discuss-
a@ the origin and embryological developuent of
these cells and stated that whilst in lower

vertebrates/
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vertebrates they may originate from hasophil
blood leukocytes, in mammals, connective tissue
wast cells and bagophil loukooytes are two distinct

eell types.

The ocourrence of nast ecells throughout the
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