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2. PROSTAGLANDINS “

(a) Biochemistry

Semen and prostatic extracts were Mmown to contaiﬁ smooth muscle
contracting ability (Battez & Boulet, 1913; Goldblatt, 1933; 1935) which
was shown tolbe a lipid-soluble acid (von Buler, 1935; 1937). The active
constituent which was called prostaglandin by von fuler (193431935;1937)
lowered rabbit blood pressure (von Euler, 1935), had no action on the rabbit
heart but increased blood flow through the parfused hind limb and kidney
snd decreased it through the pulmonary vascular ted (von Euler, 1939). -

von Euler & Hammarstrom (1937) although finding prostaglandin

“activity in other tissues were unable tc¢ find concentrations comparable to
those found in seminal plasma.' More recent studies showed that prosta~
glandins are found in a large variety of tissues (Horton,‘1972a,b).

The prostaglandins have been the subject of a cousiderable amount
of résearch and there are many reviews in the literature (Bergstrom, 1966;
Horton, 1968,1969,1972a,b; Karim, 1972; Ramwell, 197 3).

Bergstrom & Sjovall (1960a,b) isolated twn pharmacologically ;ctive
lipid-soluble acids from sheep prostate glards, one of which was more
soluble in ether and lowered rabbit blooc pressure(called prostaglandin E)
and one which was more solﬁble in phosphate buffer (spelt with an "F" in
Swedish) and did not affect rabbit blood pressure (called prostaglandin F).
The prostaglandins were shown to be a group of oxygenated C20Afatty acids
and subsequently the chemical identification of severel naturally occurring
nrostaglandins was reported (Bergstrom, Xrabisch, Samuelsson & Sjovall, 1962;
Bergstrom, Krabisch & Sjovall, 1960; Bergstrom; Ryhage, Samelsson & Sjovall,
1963; Bergstrom & Samuelsson, 1962).

The enzymic formation of prostaglandins from certain ratty acids was
reported in 1964 (van Dorp, Beerthuis, Nugteren & Vonkeman. i564; Bergstrom,
Danielsson & Samuelsson, 1964) and several reviaws are available cu this
Topic (Sémuelssoh, ﬁ970,1972§ Sih & Talesucki, 1973} var. Dorp, 1971). The

enzyme responsible for this process it prustaglandin synthetsse vthich is
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thought to be a multienzyme complex zssociated wiik the endoplasmic reticulum

(Sih & Takeguchi, 1973). Prostaglandin synthetase is widely distribﬁted in
animal tissues (Christ & van Dorp, 1972,1973) and is thought to vary some-
what in its biochemical ahd pharmacological properties from tissue to tissue
(Flower & Vane, 1974).

Only non-esterified fatty acids are substrates Tor the enzyme (Lends
& Samuelsson, 1968) and prostaglandins formed from dihomb-—B.;linolenic
acid are denoted by the suffix '1', whereas from arachidonic acid the suffix
*2' and from 5,8,11,14,17 « eicosapentaenoic acid the suffix is '37.

In the formation of PGE2 from arachidoni: acid the first step
involves the production of a cyclic endoperoxide which has been called PGG2
(Hamberg, Svensson, Wakabayashi & Samuelsson, 1974; Nugteren. & Hazelhof,
1973). This is then followed by reduction of PGG2 to FGH2, another cyclic
endoperoxide which was isolated by Hamberg & Samuelsson,(1973), followed
by isomerisation into PG'E2 or by isome:rization of PGG2 to 15=hydroperoxy
PGE2 followed by reduction to PGE2 (Samuelsson & Hamberg, 1974). Formation

of PGF2“_occurs from the same pool of endoperoxide as FTCE, (Wlodaver &

Samuelsson, 1973).

Dehydration of PGE produces PGA although the existence of a PGE

dehydratase enzyme has not been unequivocally demonstrated despite
interesting preliminary reports (Cammcck, 1973; Russell, Alam & Clary, 1973)
and it is possible that much of the PGA détected in tissues could have been
formed non-enzymically during extration and isolation prccedures (Flower,
1974). However intercomversion of FGA, FIB and PGC by a prostaglandin
isomerase has been reported (Jones,1970{ Jores, Cammcck & Horton, 1972).

The catabolism of prostaglandins (reviewed by Andersen & Ramwell,
1974; Piper, 1972; Samuelsson, 1970) occurs by four enzymic processes
including formation of the 15 keto derivative (PC dehyd?ogenase), saturation
of the 13~14 double bond (fG reductase ), and. oxidation or the hydrocarbon
side chains at either the ? or w terminal. Prost;glandin denydrogenise

/PGOH) is the most important of these enrvmcs and is widely distributed in

anim>1 tissues (Anggard, Larsson & Sammelssen, 1971,
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(b) Drugs which affect Prostaglandin Synthesis

Drugs capable of inhibiting prostaglandin synthetase have proved

extremely useful and have been the subject of a considerable amount of
investigation (see reviews by Flower, 1974; Robinson & Vane 1974).

Aspirin has been widely used as an analgesic, anfipyretic and
antiinflammatory agent since the demonstration of the curative properties
of an ex tract of willow bark, which contains salicylic acid, (Stone,1754)y
although its mode of action was unclear until recently., Aspirin was said
to work by uncoupling oxidative phosphorylation (Whitehouse, 1962,1964,1965)
but more recently it was shown to be a potent inhibitor of prostaglundin
synthetase (Ferreira, Moncada & Vane, 1971; Smith & Willis, 1971; Vane 1971).
The evidence that this is the principal action of the aspirin-like drugs is
now very strong (see reviews by Flower, 1974, and Vane 1971, 1972a,b,
1973a, b, 1974) and it is widely accepted that the actions of these
substances reflect a decrease in PG synthesis although it has been argued
that this is only a se;ondary effect of the aspirin-like drugs (Famzey &
Whitehouse, 1973).

Many non steroidal antiinflammatory agents have been shown to be

potent inhibitors of PG synthetase in tissue homogenates, isolated organs
and whole animals although in the latter two situations the observations | i
are complicated by the presence of PG metabqlising enzymes, ability of drugs

to reach the synthetase enzyme and the fact that one has to rely on PG

release as an indirect measure of cellular synthesis. Since cells do mnot

.store PGs and release is in nost cases equivalent to de novo synthesis

(Piper & Vane, 1971) this latter assumption is usually justifiable. Most

of the commonly used aspiria-like drugs are more potent than aspirin itself

frem different tissues, supporting the idea that PG synthetase varies come—

%
hut there are variations ir. the activity of some of these drugs on enzymes ¢
what from tissue to tissue (Flower & Vane, 1974)-

i

e mechanism of swwyme inhibition by the aspirin-like drugzs hes

not been clearly established nd their relatively wide chemical diversity |
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might suggest more than one mode of actiecn (Flower, 1974). Tt has been

suggested that these drugs inhibit the initial attack of the enzyme on the

substrate (Downing, 1972) since there is a2n absence of intermediates in
inhibited preparations of pg Synthetase*(cryglewski & Vane, 1972; Piper &
a
Vane, 196%; Tomlinson, Ringold, Qureshi & Forchislli, 1972). The findings
of Ku & Wasvary (1973), Lands, letellier, Rome & Vanderhoek (1973) and
Smith & Lands (1971) suggested that ratier than a simple competition between
“drug and substrate for the catalytic site of the enszyme the aspirin-like
drugs were 'competitive irreversible! inhibitors. It would appear that’
there are two possible kinetic situations. In the first case the inhibitor
combines in an irreversible time-dependcnt fashion with the catalytic
enzyme site and presence of substrate at this site reduces the velocity of
‘the combination,but provided that the inhibitor is in excess of the enzyme
it cannot prevent ultimate inhibition of the enzyme. Since the initial
degree of inhibition depends on the substrate combination, a competitive
effect obtains (Flower, 1974). In the second casc the inhibitor does_not

bind to the catalytic site but to another site which is sufficiently close

to the catalytic site to reduce its affinity for the substraie, perhaps by

some allosteric effect. The latter possibility is favoured by Lands,
Letellier, Rome & Vanderhoek (1973). Phenylbutazone is different from the i‘
other aspirin-like drugs in that it is thought to interfere with the break- ;
down of the endoperoxide (Flower, 1974). ‘The action of most of the aspirin-
like drugs is irreversible or only slowly reversible (Ku & Wasvary, 1973;
Smith & Lands, 1971).

Aspirin-like drugs can affect other'enzymes and cellular systems
(see Flower 1974) but the concentration of drugs required o inhibit PG
synthetase are usually much lower thah those which inlibit other enzymes,

although indomethacin will inhibit phosphodiesterase at corcertrations close

Lo those which inhibit PG synthetase (Flores & Sharp, 1972).




(c) Physiological and Pharmacological Actions of Trestaglanding 27

The appérently ubiquitous nature of the prostaglandins has led to
inmmerable suggestions abeut their physiological significance, which are
adequately covered elsewhere {Andersen & Ramwell, 1974; Horton, 1969,
1972a,b; Xarim, 1972; Ramwell, 1973; Weeks, 1972). It is considered
pertinent to restrict the present work to a review of the actions of
prostaglaniins on intestinal smooth muscle contractility and to the action

of prostaglandins on sodium and water movement in the mammalian intestine.

(d) Actions of Prostaglandins on Contractility of the Gastro-

intestinal Tract

Mechanical, chemical and electrical stimulation has been shown to

release prostaglandins of the E and F type from the gastrointestinal tracts

of rat (Bemnett, Friedmarm & Vane, 1967; Coceani, Pace-Asciak, Volta &
Wolfe, 1967; Collier, 1974; Pace—~Asciak, Morawsk3, Coceani & Wolfe, 1968:
Ramwell & Shaw, 1968), man (Bennett, Murray & Wylie, 1968), frog (Vogt,

Suzuki & Babilli, 1966), pig (Miyazaki, 1968) and both guinea pig and rabbit

T O e e I A L N R T B e o R R TR e, A Iy I Ity .

(Ambache, Brummer, Rose & Whiting, 1966). Rat stomach and frog intestine
have also been shown to be capable of synthesisihg PGE and PGF from

arachidonic acid (Kunze, 1970; Pace-Asciak, 1973; Pace-Asciak & Wolfe,1971).

Most of the prostaglandins found in human and rat stomach are thought to

occur in the mucosa rather than the muscle (Bennett, Friedman & Vane,1967;

S

Bennett, Murray & Wyllie, 1968) with the greatest amounts near to the inmer
surface in human gastric mucosa (Bernett, 1972). The gut is also capable
of inactivating prostaglandins in vitro and in vivo (Kanze, 1970; Pace-
Asciak, Morawska & Wolfe, 1570; Parkinson & Schneider, 1959)

Of the primary prostaglondins only types E and F affect the contract-
jlity of gastrcintestinal motility and there are several gnod reviews available
(Bass & Bennett, 1968; Boriett, 1972; Bermett & Flesher, 1970). Prosta~
'glandins.ﬁ and F wsually contract longitudinal gastrointe.iinal muscle of

man (Benneti, Wley & Scholes, 1968; Bennett & Flesher, 1970: Benmett, Murray




& Wylie, 1968; Bennett & Posner, 1971;

Vanasin, Greenough & Schuster,1970)

ard animals including guinea pig, rat, rabbit, cat, bat, hamster, bird, dog

& Bevystrom

~ and chicken (Anggara 1963; Bermett, Eley & Scholes, 1968; Bennett, Eley &

Stockley, 1975; Bergstrom, Carlsson & Weeks, 1968} Ferreira & Vane, 1957§

t?

Karim & Hillier, 1968; Vanasin, Greenough & Schuster, 1970). However, PGE

has been reported to relax longitudinal muscle of human gastric antrum
(Bennett, Murray & Wyllie, 1968) and rat duodenum (Turker & Ozer 1970) while
PGF has been observed to occasionally relax longitudinal muscle of human
distal ‘colon (Bennett & Flesher, 1970). In circular muscle of the gastro~
intestinal tract of animals including man, guinea.pig, rat and dog PUF
usually produces a contradion (Bannett, Eley & Stockley, 1975; Bennett
Flesher, 1970; Bennett & Posner, 1971; Flesher & Bennett, 1969; Vanasin
Greenough & Schuster, 1970) although Bennett & Posner (1971) observed either
contraction or reiaxation of human proximal colon, On the other hand FGE
inhibits circular muscle in the gastrointestinal tract (Bennett, Eleys &
Scholes, 1968; Bemnett, Murray & Wylie, 1968; Flesher & Benne*t, 1969;
Vanasin, Greenough & Schuster, 1970) alfhough contraction of the circular
muscle of rat stomach (Bennett & Flesher, 1970) and human ileum (Bennett,
Eley & Scholes, 1968) has been reported. ‘

>Prpstaglandin endoperoxides, PGG2 and PGH2 (Hamberg & Samuelsson,
1973; Hamberg, Svensson, Wakabayashi & Samuelsson, 1974) are reported to
contract gerbil colon and rat stomach to the same extent as PGE2 and PG‘F2
but were more active on rabbit aorta and guinea pig trachea (Hamberg,
| Hedqvist, Stirandberg, Svensson & Samuelsson, 1975) and it is the belief of

these workers that prostaglandins may exert their biological action through

the endoperoxides.,

(e) Effect of Prostaglaidins and Cyclic AMP on Sodium and Water

Transfer in Small Iqtestine

(1) Salt and Wate: “ransfer

. ) o ; i i d water transfer
There are many excellei’ reviews concerning ion and wate s
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by the mammalian small iniestine (Fordtran & Dietschy, 1966; Fordtran &

Ingelfinger, 1968; Schultsz & Curran, 1968, 1970; Schultz & Frizzel), 1972;

Schultz, Frizzel & Nellurs, 1974) where a full description of the mechanisms .

concerned are described, .

(ii) Shunt Pathway

Solute transfer across epithelia can occur via a transcellular
route which involves movement across at least two membranes in series or
via an extracellular route which circumvents the membranes surrounding the
epitheliallcells. The latter route is called the shunt pathway and
comprises the tight junctions and underlying intercellular spaces (Fromter
& Diamond, 1972). The shunt is thought to play a major role in the movement
of ions, small non electrolytes and water across the small intestiné(Schultz,
1973; Schultz, Frizzell & Nellans, 1974), accounting for 85-90% of the total
tissue conductance (Frizzell & Schultz, 1972). A more extensive discussicn
of the shunt pathway is found in recent reviews (Fromter & Diamond, 1972;

Schultz, 1973; Schultz, Frizzell & Nellans, 1974).

(iii) Transcellular Jon and Water Transfer

Most of the published work has been performed on ileal tissue and
there are relatively few s‘udies on mammalian jejunum. Thus a general rodel
for ion transfer in ileum will be discussed and,where relevant,information
from studies on jejunum will be considered.

In human ileum sodium and chloride are absorbed and bicarbonatc
secreted, all three movemenis taking place against éteep electrochemical
potential difference (Turnberg, Bieberdorf, Morawski & Fordtran, 1970)
whereas bicarbonate is absorbed in the jejunum (Fordtran, Rector & Carter,
1968). The results of siudies ou intracellular ion concentrations (Kocpman
& Schultz, 1969; Schultz, Fuisz & Curran, 1966), the electrical potential
trofile (Rose & Schultz, 1971), ion influxes across the brush border (Frizzel),

foxi

fellans, Rose, Markscheid-¥ear i % Schultz, 1973) and transepitheli:. movements

of sodivm and chloride acsvsia short-circuited rabbit ileum (Nellans, Frizrell
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& Sehultz, 1974} are consistent with the mogel below:-

Mucosa Serosa ,

Inlthe absenée cf actively transported sugars or amino acids, sodium
may cross the bruck border via two routes. One (A) is tightly coupled to
chloride influx ard the second (B) is chloride—-independent. In both cases
sodium entry is down a steep electrochemical potential difference (Koopman
& Schultz, 1969; Rose & Schultz, 1971) and is not inhibited by ouabain or
metabolic inhibitors (Chez, Palmer, Schultz & Curran, 1967). Process A
appears'to he a neutral sodiuwn~chloride influx which is not linked to
metabolic energy and which conforms to a classical carrier model (Nellans,
Frizzell & Schultz, 1973). Process A is thought to be reversible,
mediating the efflux of sodium chlofide, sodium bicarbonate or both out of
the cell into the muccsal sclution. Process B is unclear and may be
diffusional or-carrier-medizied (Schultz, Prizzell & Nellans, 1974)

Sodium extrusion from the cell into the serosal solutien (Process
D) is active and is inhibited by cuabain (Schultz & Zaiusky, 1964) suggest-
ing that this process is Na-K~ATPase wediated. Process D involves the
extrusion of sodimm at a higher rate than the coupled uﬁtakc of potassium

(Frizzel) & Schultz, 1972; Rose & Sohultz, 1971).‘ Prccess C is unclear but
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simple diffusion might suffice (Schultz, Frizzell & Nellans, 1974).

Actively trans . .
J ported sugars and amino acids stimulate sodium

absorption and this phenomenon has been revicwed by Schultz & Curran(1970)

and Kimmich (1973). This stimulation of sodium absorption is not via the

coupled sodium~chloride influx across the brush border (Schultz, Frizzell

& Nellans, 1974).

Water absorption is secondary to sodium sbsorption (Curran &
Solomon, 1957) and Diamond & Tormey (1966) descrited how the intercellular
spaces of intestinal mucosa could act as concentration chambers for the.
sodium expelled across the basolateral membranes and it has been shown thatu
these spaces become open and distended when transporting fluid rapidly due

to the entry of water through fhe tight junctionms.

(iv) Prostaglandins and Cyclic AMP

The actions of prostaglandins and cyclic nmucleotides on intestinal
salt and water itransfer is the subject of severzl excellent reviews(Field,
1974; Kimberg, 1974; Scratcherd & Case, 1973).

Prostaglandins, which have been implicated in diarrhoza associated
with medullary carcinoma of the thyroid (Sandler, Karim & Williams, 1968),
produced net electrolyte and water secretion when infused into the superior
mesenteric artery of dogs (Pierce, Carpenter, Elliott & Greenough, 1971) or
given intraluminally (Matuchansky & Bernier, 1973) or intravenously in man
(Cummings, Newman, Misiewicz, Milton-Thompson & Billings, 1973). Secretion
of salt and water has also been seen in isolated rabbit ileal mucosa after
11 PGE2 or PC-F2
#ield, Johnson, Henderson & Gershon, 1971).

addition of PGE X (Al—Awqati & Greensugh, 1972; Kimberg,

Prostaglandins have been shoun tc enhance irtetiinal adenyl cyclase
activity (Kiﬁberg, Field, Johnson, Henderson & Gershoi,1971; Gharp & Hynie,
1971) and to increase cyclic AMP level in the irtesiiral muéosa at the same
time as affecting short circuit curre:s (SCC). Adphyl cyclase is present
in the small intestinal mucosa of rodzite (Ishikawa, Ishikawa, Davis &

Sutherland, 1969; Kimberg, Field, Jeuuson, Menderson & Gershon, 1071;
[ 9 2
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1972; Sharp & Hynie, 1371), dogs (Evans,

Parkinson, Ebel, di Pona & Sharp
> - ’

Chen, Curlin & Evars, 1972; Schafer, ILust, Sircar & Coldberg, 1970) and

man (Chen, Rohde % Sharp, 1972).

It is probably therefore that prosta~
glandinselicit intestinal Secretion through cyclic. AMP (Fielq, 1974‘

. > !
Kimberg, 1974),

“t 1 a ) p . . . ‘
It is also known that the enterotoxin of vibrio cholerae and ¥

ESCheTl¢la coli produce intestinal secretion which is believed to involve

cyclic AMP (see reviews by Bamwell & Sherr, 1973; Field, 1974 and Kimberg,

1974). Tt bas been suggested that cholera toxin might arfect also prosta-

glandins (Bennett, 1971; Finck & Katz, 1972; Gots, Formal & Gianella, 1974;
Jacoby & Marshall, 1972; Vaisrub, 19725 Valiulus & Long 1973) although .
there are a number of contrary reports (Bourne, 1973; Cuatrecasas, 1973;
Kimberg, Field, Gershon & Henderson, 1974; Kimberg, Field, Johhsbn, |
Henderson & Gershon, 1971; Sharp & Hynie, 1971).

Theophylline, in rabbit ileal mucosa, caused a rapid increase in

SCC which mimicked that produced by cyclic AMP (Field, 1971), and during

the aliered SCC absorption of sodium and chloride was replaced by net

secretion (Field, Fromm & Silen, 1969). Since small intestinal fluid

transport is isosmotic with its fluid of origin (Lee, 1968) predictable

améhts of water accompanied the secreted solutes. . Secretory stimuli such

as theophylline do not affect glucose-stimulated sodium transport (Al-

Awgati, Cameron, & Greenough, 1973; Field, 1971; Field, Fromm, Al~-Awgati E

& Greenough, 1972). Nellaus, Frizzell & Schultz, (1973) showed that theo—

phylline irhibited the coupied sodium chloride influx prccess. This does i
not explain the secretion seen with theophylline and it would appear that
either an underlying active sacretion of salt and water is unmasked by the
action of cyclic AMP or thai cyclic AM? has two effects, one inhibiting
sodium chloride influx and the other enhancing sodium chloride efflux

(Fiela, 1974). Field (1974) considered that there is strong circumstantial

evidence for the presence of zn active sodium chloride e:xurusion mechanism
a rh - .

. . 5 3 3
and %hat,this ahares the same varriecr mechanism as the sodaivm chloride

influx u.ceoess.
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3, BRADYKININ—PROSTAGLANDIN INTERACTIONS

Collier (1969) considered that the antagonism by aspirin of the
| pharmaoological'actions of bradykinin might be due to inhibition oi* a . 3
carrier mechanism by which bradykinin reached its receptors or inhibition

of the release of an unidentified active substance. The observation “hat

the aspirin-like drugs are potent inhibitors of prostaglandin synthstase

(Ferreira, Moncada & Vane, 1971; Smith & Willis, 1971; Vane, 1971) showed

that the latter suggestion was the more likely.

Aspirin-like drugs have been reported to antagonise the no¢i3e§ti§e
action of bradykinin in mouse (Collier, Dineen, Johnson & Schneider; 1968),
rat (Deffenu, Pegrassi & Lumach, 1966; Gilfoil, Kravins & Dunn, 1964), dog

(Dickersqn, Engle, Guzman, Rodgers & Lim, 1965; Guzman, Braun, Lim, 5
0,b k

Potters & Rodgers, 1964), guinea rig (Gjuris, Heicke & Westerman, 196&? and
man (Coffman, 1974; Lim, Miller, GuZman, Rodgers, Rogers, Wang,>Chao &
Shih, 1967) although contrary results have been obtained in guinea piz
(Collier & Lee, 1963) and man (Lewis, 1963).

The inflammatory action of bradykinin was antagonised by aspirin-

like drugs in the rat (Lisin & leclerq, 1963; Martelli, 1967; Starr & West

1967) and rabbit (Lecomte & Troquet, 1960; Lish & McKinney, 1963) but
Iewis (1963) did not observe selective antagonism in the rat.
Bradykinin-induced bronchoconstriction was antagonised by aspirin §
-1ike drugs in the guinea pig in vivo (Collier,»Hdlgate, Schacter & Shorley,
1959, 1960) but not in the rat or rabbit (Bhoola, Collier, Schacter &
Shorley, 1962). Bradykinin-induced tachypnoea ( djuris, Heicke &
Westerman, 1964a), contraction of isolated trachea (Bhoola, Collier,-
Schacter & Shorley, 1962) and bronchoconstriction of isolated perfused
lungs (Greef & Moog, 1964) vier: all antagonised by aspirin-like drugs
although Aarsen (1966) touri contrary reéults in tﬁe latter system.

Aspirin—iike drugs in rat, dog, guinea pig and rabbit reduced

bra2dyl-ivin induced hypotersiow in duration but not degree (Colliev,Dinesn, 1

Perlins & Piper, 1968; Geiliwt & Shorley, 1960; Deby, Barac & Bacq; 1974 z



Vargaftig, 1966) and a,n'bagonised‘ its effect on ol 34

monary hlood vessels

(Greef & Moog , 1964; Xlupp & Konzett, 1965; Konzett & Baver. 1966;

Lecomte & Troquet, 1960) although non slective tlockade was seen in guinea

pig and rabbit (Hauger Iunde & Waaler, 1966; Siarr & Lest, 1946).

Piper & Vane (1969131b) first showed release from guinea pig lungs

of PGE, and PGF

2 2u and a previously unknown substance which contracted the

rabbit aorta. The generation of 'rabbit aorts contracting substance!
(RCS) was prevented by aspirin (Piper & Vane, 196%9a,b) and angmented by
arachidonic acid (Palmer, Piper & Vane, 1973; Vargaftig & Dao, 1972).

RCS is now thought to be thromboxane A2 which is formed from PGG2 or PGH2

(Bunting, Moncada, Needleman & Vane, 1976; Samuelsson, 1975). Bradykinin
has also increased prostaglandin release from dog kiduey (McGiff, Terragno,
Malik & Lonigro, i972), in vivo and in vitro dog spleen (Ferreira,
Moncada & Vane, 19733 Moncada, Ferreira & Vane, 7972), dog knee joint
(Moncada, Ferreira & Vane, 1975), isolated rabbit heart (Needleman, Key,
Denny, Isakson & Marshall, 1975; Needleman, Marshall & Sobel, 1975),_rat
lungs (amas & Bourdon, 1974), gravid dog uterus (Terrzgnn, Terragno,
Pacholczyk & McGiff, 1974) and bovine mesenteric arteries ard veins
(Terragno, Crowshaw, Terragno & McGiff, 1975) but Sirois & Gagnon (1974)
did not observe an effect of bradykinin on PG release from rabbit renal
medulla,

Vargaftig & Dao (1972) showed that mepacrine, which inhibits
phospholipase A (Markus & Ball, 1969), svppressed release of RCS by brady-
idnin from guinea pig lungs and suggested that bradyldnin activated an
acylhydrolase to release proStaglandin precurscrs. Stoner, Manganiello &
Vaughan (1973) observed that bradykinin increased cyslic GMP and cyclic
AMP levels in guinea pig lung and that aspirin or inccomethacin prevented
ut not cyclic GMP, Tt was coasiderad tnat brady-

the rise in cyclic AMP b

. ' .. - L andi ns o a ence
kinin enhanced the synthesis and release of proustaglandins as a ccnsequ

- ' a “ente of prostrelandins mediated
of its effect on cyclic GMP and that ~he reiea:s of prostoglandins

the rise in cyclic AMP.

5%
}
1&
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Vane & Ferreira (1975) have argued that the prostaglandins
released by bradykinin can act

observed5 The renal vagodilator action of bradykinin is associated wiih

increased PGE levels inlrenal venous bloogd (McGiff, Terragno, Malik %

Lonigro, 1972) and is reduced by indomethacin (McGiff, Ttskovitz &

T
Perragno, 1975). The effect of bradykinin on solute-free-water excretion

was abolished by indomethacir. Thus it is likely that all of the ef*czcts

on solute free water excretion and part of the vasodilation induced by
bradykinin are prostaglandin-mediated. Tt is also thought that prosta~
glandin release mediates the action of bradykinin on blood pressure (Vane
& Ferreira, 1975), the coronary vasculature of rabbit (Neédleman, Key,
Denny, Isakson & Marshall, 1975), uterine bload vessels of the dog
(Terragno, Terragno, Pacholczyk & McGiff, 1974) , rat cremastef muscle

vasculature (Messina, Weiner & Kaley (1975) and rabbit coeliac artery

(Aiken, 1974). The bronchoconstrictor action of bradykinin may be mediated

by the prostaglandins which are released,since RCS and PGan: are pctent

contractile agents on isolated human bronchial muscle (Piper & Walker,1973).

It was observed that on repeated exposure of guinea pig tracheal muscle %o
bradykinin the responses gradually changed from contraction to relaxatiomn
(Iorio & Constantine, 1969) and the relaxations were prevented by
é¢iscontinuing aeration or phenylbutazone. Thus it is possible that the
appearance of a relaxation can be explained by the induction of a PGE.

In all these situatiors the prostaglandin is thought in some way
to mediate the response to tradykinin. However, the nociceptive actiom
of gradykinin is thought to work through a different mechanism since
prostaglandins were shown to produce long lasting overt pain only when
given in high concentrations (Ferreira, 1972; Karim, 1971). Also, brady-
kinin, which is algesic in the dog spleen (Guzmen, Braun, Lim, Potter &
Rodgers, 1964) caused a sinilar release of prostaglandins from this
did

ieh i ic i leen.
: ..o which is not algesic in the dog sp
preparation askadrenallue whilch

‘g : neinss
: 2 n wcnsitisation of the sensory nerve e i
Ferreira (1972) suggested & =tnSi

© 88 a mediator or potentiator of the responze

e e ar i S ay S B
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by prostaglandins to mechanical or chemical stimulation. Intrasplenic

injection of bradykinin in the dog produced a pressor response which was

an autonomic response to siimulation of different nerve endings and. which
was reduced by aspirin-like drugs (Guzman, Braun; Lim, Potter & Rodgers,
1964). Bradykinin increased the basal output of prostaglandins from the
spleen (Ferreira, Moncada & Vane, 1973). Indomethacin blocked the reslease
of PGs and reduced the presscr response to bradykinin,and infusion of low
concentrations of PGE1 resvered this response. The analgesic action of
indomethacin was explained as removel the generation of prostaglandins
which sensitise pain receptors to the action of bradykinin. A simiiar
situation has been found in the dog knee joint to that in the dog splezn
(Moncada, Ferreira & Vane, 1974, 1975). Moncada, Ferreira & Vane (1973)
showed that the Vascular-permeability-increasing effect of bradykinin was
substantially increased when low concentrations of PGEjwere present anrd
sensitisation of bradykinin-induced permeability by prostaglandins hag
been confirmed by Thomas & West (1973) and Williams & Morley (1973).

In conclusion, it has been éhown that many pharmacological
actions of bradykinin are inhibited by the aspirin-like drugs which are
potent prostaglandin synthetase inhibitors and that these pharmacological
actions are often accompanied by increased prostaglandin release. Thus
it would appear that there is considerable interaction between bradykinin
and the prostaglandins and that prostaglandins may mediate the action of

bradykinin or sensitise the target tissue to the action of bradykipin,
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METHODS

SECTION 1 SODIUM ANWD WATER TRANSFER EXPERTMENTS

(a) Everted Gut Sac Technique

The rat jejunum was used for these experiments since it is the site
of principal sodium and water absorption in the gastrointestinal tract and
because of its previous use (Lee 1968; Turnberg 1973).

Male Wistar rats (100—200‘g body weight unless otherwise stated) were
starved for 18 hours before experimentation. Rats were killed by a tlow on
the head and the whole of the small intestine was rinsed through with sodium
chloride solution (O.154M). The intestine was everted according to the
technique of Wilson & Wiseman (1954) and then divided into five equal
segments (Barry, Matthews & Smyth, 1961). The jejunal segment (sac 11) wes
subdivided into two equal sacs so that each experimental animal providcd
two adjacent sacs. One of these sacs served as a control and was filled
with Krebs bicarbonate solution containing 27.75mM glucose while the other
sac was filled with the same solution to which had been added the substancs
under investigation. The proximal sac made from the jejunal segment of
each animal was used alternatively as a control or an experimental sac so
that any effect that might have been due to either the delay in using the
sacs, or to diffefences in transport characteristics along the intestire,
were minimised.

Each sac was weighed, then filled with the appropriate solution and
tied off. The sac was reweighed and incubated in an Ehrlenmeyer flask
containing 15ml Krebs bicarbonate solution which had been gassed with 95%
O2 + 5% CO2. The compositicn of ihe Krebs bicarbonate solution was the same
in mucosal and serosal solviions and contained (mM): NaCI 118, KCI 4.7,

: Mg3;4 7H20 1.18, KH2P04 1.7, NaH003 25, CaCIZZHZO 2.5, glucose 27.75,
PI 7.4. The sacs were incubaied at 3700 for an hour in a shak#ng water bath
at 40 oscillations per mimute. At the end of the incubation period chc sacs

were blotted and reweighzld. Samples of the mucosal solutions were ectirmated

3 LA
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ve Unicam SP90 series 2 Atomic Absorption spectro—

for sodium using a P

photometer.

s .
Results were expressed as muccsal transfer, that is the amount of

sodium or water leaving the mucosal solution during the incubation period
~as described by Parsons, Smyth & Taylor (1956) aad discussed by Smyth( 1963).
The mucosal water transfer was calculated from the weight changes in the

sacs after incubation and the mucosal scdium transfer was calculated from
a knowledge of the quantities of sodium present initially and finall& in
the mucosal solution. Water transfer was expressed as ml/g initial wet
weight of jejunal sac.hr and sodium trensfer as i equiv/g initial wet
weight of jejunal sac.hr.

In the results section a negative (=) sizn is used to denote an
inhibition of control transfer while a positive (+) sigin is used to denote
a‘stimulation of control transfer. The values quoted in the text refer
to the percentage change from the contiol transfer.

Unless stated to the contrary drugs, vheresver nsed, were placed in

both mucosal and serosal solutions.

(v) Operative Procedures

In fhis study bilaterally adrenalectomised, nephrectomised and
adrenalectomised-nephrectomised rats were used., The rats used for this
purpose were heavier (300-350g body weighf) than those uszd in the rest of
the study since it was found that lighter rats did not survive the operative
procédures sufficiently well. All operations were carried oul or rats under
anaesthesia induced by halothane in nitrous oxide/oxygene After removal
of adrenals, kidneys or both, rats were caged individually and placed in a
warm room. Adrenalectomised rats were maintained on 1% saline and all
animals were fed the regular diet 41B. Experimeints were parformed on these

rats 48 hours after the operations.
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(c) Modification of Diet

In most of the experiments reported here rats were fed on normal

rat diet With tap water fpr drinking. However in some cxperiments the

dietary intake of sodium was modified. In order to produce a high sodium

intake rats were maintained on normal rat diet but their drinking water was
replaced by 1% saline for 14 days prior to experimentation. Other rats

were fed on a low sodium diet (Wutritional Biochemicals Co., Ohio) for

3 weeks and given tap water to drink.

SECTION 11 SMOOTH MUSCLE CONTRACTION EXPERIMENTS |

(a) Organ Bath Technique

(i) Rat Terminal Tleum

Male Wistar rats (150—300g) were starved for 18 hours prior to
experimentation. Rats were killed by a blow on the head and sections of
terminal ileum, 2.5cm long, were immediately removed and flushed through

with Tyrode solution. Ileal preparations were wsuspendied vnder a load of

1g in 20ml organ baths containing aerated Tyrode solution at 30°C.  The
composition of Tyrode solution used was (mM): NaCI 137, XCI 2.7,
NaH2P042H2 3 5

In experiments involving anoxia the Tyrode solution was gassed with

0 0.42, NaHCO, 11.9, MgS0,7H,0 1.1, CaCI,2H,0 1.8, glucose 5.6.

8 Rea rimsv e sty ar aktoer §

nitrogen instead of air.

Preparations of terminal ileum were equilibrated for 90 mimutes and
hen contractile responses to the various agonists used were recorded. A
tissue contact time of 90 seconds was employed for bradykinin, prostaglandin

E2 and prostaglandin Fexvﬂﬁle for acetylchcline 45 seconds was sufficient

to produce a complete contraction. In all experiments reported here
coacentrations of acetylcholine, bradykinin, PGE, and PGF, were chosen
which produced contractile responses approximately equal to the 50% maximal
asetylcholine respohse. Dose cycles o 10 minutes were used to avoid

tachyphylaxis and because of the relacively slow recovery tiue of the tissue

after bradykinin or the prostaglandins.
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The isotonic c¢ 3 .
coptractlle respunges of ral terminal jleam were

recorded using Devices 2LDOL and 3194 isotonic transducers which

were coupled to Devices M2 recorders.

In the experiments reported below the contractile responses of the

various agonists in the presence of drugs are expressed as percentages of

the control contractile responses to eacn agonisi.

(ii) _Rat Stomach Strip

This preparation, described by Vans (1957)7 was used in the bioassay
of prostaglandins which is described subsequentiy.

Male Wistar rats (200-300g) were starved for 1& hours prior to
eXperimeﬁtation. ‘Rats were kiiled by a blow on ihe head snd thé fundal
region of the‘stomach was removed., The fundus was cut along its lesser
margin and opened to produce a flap of muscular tissue, vhich was washed
in Tyfode solution to remove any loose filaments and stomach contents. Cuts
were made on alternate sides of the flar of fundazl tissue and the tissue
was pulled from its upper and lower edges in ordecr to produce a strip'of
"muscular tissue. The rat fundic strip was cleaned with a pair of scissors
and suspended in a 10ml organ bath containing asrated Tyrode solution at
SOOC. The stomach strip was subjected to a load of 2g and a dose cycle of
15 mirmites was used because of the longer relaxaiion time of this tissue.

PGE2 was the only agonist used on this tissue and a contact time of 2 minutes
vwas employed.

The Tyrode solution used was the same as that described previously
except that a series of blocking drugs were used invorder to increase the
sensitivity and speecificity of this tissue t5 prostaglandias. The blocking
drugs used were: indomethacin (2.8uM); methysergide (C.47mM); hyoscine
(0.23uM); mepyramine (0.21pM); propranolol (6.76aM) and phentoianine (5.29uM).

Contractile responses of this tissue wer= measurecd in the sane way

a2 those of rat terminal ileum.
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(b) Prostaslandin Bioassay

(i) Extraction of Prostacland: ns

Sections of rat terminal ileum were se

t up in the usual manner in

10ml organ baths., After equilibration éhe tiésues were washed and then

left for an hour without washing., The organ bath fluid was removed at the
end of an hour and acidified to approxirately pﬁB with IN hydrochloric
acid. The bath fluid was extracted twice with an equal Qolume of diethyl
ether (Analar). The ether phases were pooled and evaporated to dryness
under reduced pressure at 4000. Residues were taken up ir iml of Tyrodé
solution and assayed against standard PGEz on the rat stomach strip using
the modified Tyrode solution described «bove.

The effect of bradykinin or other agents or. the release of prosta—
glandin-like material was tested by incubating the terminal ileum with the
appropriate agents for the first hour after esquilibraticn, Recovery of
prostaélandinylike material was evaluaied by extracticn of standard solutions
of PGE2 and was found to be 52.96 + 4.55% (1= 18). Bradykinin solutions
éf ten times the concentration found in the organ bath fluid were also
subjected to the exiraction procedure but it was not poésible to detect
any extracted bradykinin on the rat stomach stript' The section of terminal
ileum was weighed at the end of the experiment since the prostaglandin-like
material found in the organ bath fluid was expressed as ng of PGE2

equivalent/g of tissue.hr.

(ii) Thin Layer‘Chromatography

The thin léyer chromatographic techuique used was thal described by
Green & Samuelsson (1964) and their Al solvent system {Ber.zene~Dioxan-Acetic
a01dv20:20:1) was employed.

Ready made glass chromatoplates (0.47 x 20 x 20 em) vracoaied with
m 1 vad EE R £ sy 3 t
silica gel to a thickness of 0.25m were aciivaied by heaiing for 35 minutes
at 110°C (chromatoplates supplied by Merck). fhe ewtrac*s of organ bath
fluid prepared as described above wers talen up in O.4rL ¢l abseclute ethanol

and applied to the plates as single spobs 2longside standard prosiaglendins
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5()—10(}’1?3 . The s 0csS wer 2 .
(' 26 ) pows were dried in a stream of warm air,  The chromato-

plates were iun in the Al solvent system until the so’vent front had

reached about 2-3cm from the top of the chromatoplates which took about

2 hours,

'F" ar 3 [ .
After develcpmer! the plates were removed from the solvent system,

the solvest front was merked and the plates were dried at 100°C.  The

chromatopiaies were sprayed with 10% phosphomolybdic acid in ethanol and

- O - g 3 .
heated at 1107C for 15 mimutes which resulted in the appearance of blue

spots on =z yellow-green background.

BCTION 1il DRUGS AND CHEMICALS

Bradykinin (Sigma) was prepared in a sterile solution (7.86 x 1070
and 7.86 x 16-8M) in bidistilled water and stored frozen in lml ampoules-
until required.

Prostaglandins E1, E2,.A1 and szvﬂﬁch were gifts from Dr. J.E., Pike,
Upjohn Company Litd., were stored in an absolute alcohol splution in sterile
ampoules at 0°C and diluted with Tyrode or Krebs solution as required.

Cyclic AMP (Sigma), dibutyryl cyclic AMP (Sigma) and PPP & DPP (gifts

from Drs Hogberg & Fex, AB leo, Sweden) were stored at O~4OC until use.

s im v maITY OFr ASTON §

All other chemicals were made up into s¢olution as required. Indomethacin,
aspirin, flufenamic acid, meclofenamic acid and SC 19220 were made up in
absolute alcohol and further dilut2d with either Tyrode or Krebs solution.

Care was tzken to ensure that the final concentration of zicohol did not

affect the response béing measured.
Other drugs used, with their source, are as follows:

Flufenamic acid Gifts from Parke Davis Ltd.
Meclofenamic acid
Indomethacin Gift from Mercl:, Sharp & Dohme Ltd.
3¢ 19220 Gift from Dr.J. S=znuer, G.D. Searle
. . & Co., Chicago, U.S.A.

Gift from Pror. 1. Fried,
" University of Chirnago, U.S.A.

7 sxa~13-prostyncic acid

2 ; ift from Sandcz itd.
M thyzergide Gi °©
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SQ 20881 Gift from Dr. M. Ondetti,
Sguibb, U.S.4,

Aspirin B.D.H,

Mepyrémine B.D.H..

fyoscine B.D.H.,

propranolol I.C.I.

phentolamine CIBA

phosphomolybdic acid Williams & Hopkins

Theophylline . Sigma

Fthanol ‘ B.D.H.

SECTION IV CALCULATION OF RESULTS

The results of experiments performed on both water transfer and on

contractile action cf rot terminal ileum are expressed as mean and standard

. error of the mean. The effect of experimental treatments has been analysed

using the Students t' test.,
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XESULTS

e Y

SECTION 1 WATER TRANSFER

() Experiments to Irvestigate the Effect of Bradvkinin on Sodium

and Water Transfer )

It was the purpose of this part of the study to investigate the action

of bradykinin on sodium and water transfer across an epithelial membrane.

The isolated gut sac technique of Wilson & Wiseman (1954) was chosen for

this purposz and the rat jejunum was the tissue used.

(1) Effect on Mucosal Sodium and Water Transfer of Varving the
Conceniration of PBradykinin in Mucosal and Serosal Solutions

Initially it appéared that the effect of bradykinin on sodium and
water transfer was variable but upon closer scrutiny of the results it
became apparent that the effect produced by bradykinin was dependent upon
the level of sodium énd vater transfer in the paired control sac which had
been incubated in Krebs bicarbonate soiution alone. The results were
divided into three groups on the basis of the effect observed. Thus when
~the level of watfer transfer was less than O.6ml/g wet wt hr. in the control
sacs a stimulation of fransfer was observed in all the experimental sacs.
When the level of water transfer in the control sacs was between 0.6 and
1.0 ml/g wet wt hr. bradykinin produced either a stimulation, an inhibition
or no effect at all in the experimental saés. When the level of water
transfer in the control sacs was gireater than 1.0ml/g wet wt hr. bradykinin
inhibited water transfer in all sacs; The effects of bradykinin,

7.86 x 10-12M, in both mucosal and serosal solutions on water transfer are
shown in Fig.l and were assotiated with corresponding changes in sodium
transfer as reported by Ciwran & Solomon (1957).

n . . o< ~ SO
The results in Mable 1 shos that a similar pattiern of elfects on

i1 13

or 7.86 x 100 °M

water transfer were obiained when bradykinin at 7.86 x 10

was preseat in boih mucosal and serosal solutions. At lo: levels of control
Jla - "

- —~11
water transter (i.e. less than C.6mi/s wet wt hr.) bradykinin 7.86 x 10,

12 86 10-13M significantly stimiiotsd waser iransfer by
X X >3 . P,

7.86 x 1C°

ard 7.
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Mean Mucosal Water Transfer 4
Control B Control BK Control o
0.519 0.715 0,780 0.758 1.139 0,983
+ 0.017 * 0,047 t 0,035 + 0,041 - % 0.026 £ 0.053
n = 17**** n= 31 n,s, N - 17****
Mean Mucosal Sodium Transfer
46.3 68.9 87.1 85.9 159.4 127.7
t 5.4 £7.7 5.8 5.7 t 5.3 £ 5.9
n=12 | n=22n,s, | n = 15***

e

Low Intermediate

Q Q - -

Q

Mucosal Water Transfer (ml./g.wet wt.hr)

12M, in mucosal and sercsai

86 x 10~
4 Bffect of bradykinin (BK), 7. : o b v
Azfétlgwﬁ on sodium and water transfer expressed as ml. or pequiv/s~ :vv Wl
:f iej1;;1 sac.hr. The decvscs of significance are expressed as ffrfowb,
Jeganal Satells o T : n.s. = not sigm’ficans.
% L Q.05 ** = 0,02; ¥ = 0,015 ¥*¥¥* = 0.00T;  n.s i

. . cmressnted
? 7 i . n in parentheses. Means are renres:
The mabver of observations acre give b

by heavy line.
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TABLE 1

Group

Control

Bradykini
(7.86x10™

Control

Bradykini
{7.86x10

The effect of bradykinin 7,86 x 1o=11

water transfer in rat jejunal sacs.

and 7.86 x 10—13M on

The degree of

significance for each set of results is expressed as follows:

¥ = <0,05; ** . <0.,02; *%% - <0.01; ***% = <0,001;

Nes. = not significant,

case is given in parentheses,

The rumber of observations in each

Level of Mucosal Water Transfer (ml/g wet wt,hr)

Low Intermediate
0.528 * 0,033 0.728 + 0,037
2 0.884 % 0,084 0.794 # 0.057n.s.
Tu) (4) (18)
0.468 £ 0,019 0.761 £ 0,027
g 0.596 * 0,053 0.738 £ 0,043 as.
3u) (14) (28)

High

1.178 £ 0.045

0.789  0.046 ¢

(9)
1,081 £ 0,054

*
0.865 x 0,083
(6)

4€

PRIV RERITY af ASTON ¢




47
Water transfer was unaffected by

- +67.2%, +37.8% and +27.9% respectively,

bradykinin at an Lyt s
y ¥ concentration when conbrol water transfer was inter-—

mediate (i.e. between 0.¢ and 1.0 ml/g wet wit hr.

water transfer (i.e.

) but at high control
greater than 1,0 ml/g wet wt hr,

concentrations of 7,86 x 10~1!

) bradykinin at
, 7.86 x 10~12 and 7.86 x 10~ 13

inhibited water transfer by =33.4 %, -22,4% ang ~19.9% respectively.

. -~12
Bradykinin, 7.86 x 10 M, produced a consistent qualitative and quantit-

ative effect in subsequent experiments reported here.

(ii) The Effect of Bradykinin in Mu

or in Mucosal or Serosal Solu
Transfer
—Ziea sl

cosal and Serosal Solutions,
tions alone on Mucosal Water

Sacs were incubated with bradykinin, 7.86 x 10"12M, either in the

mucosal and serosal solutions ¢ in the nucosal or serosal solutions alcre.

It can be seen from Table 2 that water transfer was inhibited by brady-
kinin at high control water transfer when it was present in either the
mucosal or serosal solutions or both, but at intermediate levels of ¢ontrol
water transfer bradykinin had no significant effect., A significant
stimulation of water transfer at low levels of control water transfer was
obtained when bradykinin was in both solutions, or in the serbsal soluiion
alone, but no effect was observed when bradykinin was present only in the
muéosal solution,

The control level of water transfer in the rat jejunum is capable
of great variation, between about 0.4 and 1.4 ml/g wet wt hr., but most
sacs transfer water at a rate of 0.7 - 0.9 ml/g wet'wt hr. In the present
study bradykinin-induced effects are obtained at transfer rates which are
the least commonly observed, that is in sacs with low or high rates of
ﬁransfer. Because it was scmetimes difficult o obtain a sufficient number
of these values to do a sta*istical analysis between various treatments a
series cof experiments was carvied out to find what factors might affect

bagal levels of water transfer in the hope of increasing the efficierncy of

. f e maviey i s involving adrenaleciomy
data ccllection. In this sevies of experiment g !

M significantly
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IABLE 2 The effect of bradykinin, 7.86 x 10*14M, in either mucosal
or serosal solution in rat jejunal éacs. The degrees of
significance are expressed as in Fig. 1, The number of
observations are given in parentheses.,
Level of Mucosal Water Transfer (ml/g we’ wtohr)
Group Low intermediate High
Control 0.451 * 0,021 0.722 * 0.062 1.145 £ 0,043
FHRK %
Bradykinin 0.612 £ 0,033 0.668 * 0,062n.s, 0,927 % 0.082
(Mucosal+Serosal) (14) (6) (11)
Control 0.557 £ 0,027 0.742 % 0.025 1.179 £ 0.043
KR
Bradykinin 0.579 * 0,042 n.s. 0.725 & 0.043n.s, 0.814 % 0.08]
(Mucosal) (6) (18) (9) -
Control 0.527 * 0,036 0,786 * 0,034 1.083 £ 0,044
XK , ' -)6(-**
Bradykinin 0,750 £ 0,072 0.761 i{' 0.043n,.s. 0.841 £ 0,062
(Serosal) (7)v {9) (4)




measures on the responses +tn bradykinin,

(iii) Effect of Adrenalectomy,
Adrenalectomy;NeDhrectom
Water Transfer

Nephrectomy and Combined
¥y on Bradykinin Effects on

It was the purpose of thigs experiment to investigate the effect of

removal of the animals kidneys and/or adrenals on the action of bradykinin

on water transfer. Removal of the kKidneys reduces renin-angiotensin levels

while adrenalectomy reduces mineralocorticoid levels in the rat.
This experiment shows *he effect of adrenalectomy, nephrectomy; and

combined adrenalectomyanephrectomy on the stimulation of water transter

seen with bradykinin, 7.86 x 10~12M, at low levels of control water iransfer
since it was not possible to obtain animals with high conﬁrol water transfer.
It can be seen from Table 3 that adrenalectony, néphrectomy or combined
operations did not affect the stimulation of water transfer in rat J= Junum
seen with bradykinin at low control transfer. It can also be seen thai each
of these operative procedures caused a significant reduction in the level of
control water transfer.

(iv) Effect of 1% Saline Pretreatment on Bradykinin Action
on Water Transfer .

It is known that in rats given saline as drinking fluid the renin-
angiotensin-aldosterone system is depressed (Gross, Brunner & Ziegler, 1965).
It was the purpose of this experiment to see if saline loading had an eifect
on bradykinin-induced changes in water transfer.

Rats pretreated with 1% saline as drinking fluid for 14 days
exnibited significantly louver mean values of mucosal water transfer (Table
4). Bradykinin, 7.86 x 1U"12M, produced its usual spectrum of action in
1he jeiunum of normal rats given water as drinking fluid. Thus a stim:latior
was chserved at low control waler tpansfer and an inhibition was obzerved at

hish control water transfer. In the saline-pretreated animals brady«iion
&h o cat 4

. : ] low control .
i oand stimulation. of water transfer at ;
vas seen to cause a sagnificani Su




TABLE 3 The effect of adrenalectomy,
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nephrectomy and combined

adrenalectomyhhephrectomy on the effect of bradykinin, 7.36

X 10"12

| M, on water transfer in rat jejunal sacs. The degree

of significance for each set of results is expressed as in

Fig. 1. The number of observations in each case is given in

parentheses,

Normal  (12)

Adrenalectomised  (14)

Normal (7)

Nephrectomised  (13)

Normal (9)

Adrenalectomised - -
Nephrectomised (12)

Control

Bradykinin
Control
Bradykinin
Control
Bradykinin
Control
Bradykinin
Control
Bradykinin

Control
Bradykinin

m\(s wel WX ke
0.491 ¥ 0.032
0.628 + 0.047**

0.346 * 0.023

0.484 + 0.,024™"

* ¥

0.545 £ 0.015
0.665 + 0.042""

0.425 % 0,043
*%
0.548 * 0.027

Oo 402
0.591

0.370
0.484

+

1+

0.036
KXKK
0.033

O. 032
*%
0.034




TABLE 4

(2)

Normal

Saline

(v)

Normal

Low
Sodium

The effect of (a) 1%

51

saline pretreatment for 14 days and (b)

low sodium diet for 21 days on the action of oradykinin, 7.86

x 1012

M, on wat

er transfer in rat Jjejunal sacs.

The degree of

significance for each set of results is expressed as in Figs 1.

The number of observations in each case is given in parentheses,

Control

Bradykinin

Control

Bradykinin

Control

Bradykinin

Control

Bradykinin

Level of Mucosal Water Transfer (ml/g wet wi.hr)

Low

0.467 * 0,056

0.677 * 0.063"
{5)

0.446 * 0,044

0.606 £ 0.053"
(13)

0.500 * 0,043

0.636 * 0,055
(8)

0.478 * 0,022

*3%
0.602 ¥ 0,040
(9)

Intermediate

0.758 * 0.037

0.758 * 0,061 n.s.
(10)

0.742 % 0,063

0.763 T 0.037 n.s.
(6)

0.752 % 0,026

0.738 + 0.041 n.s.
(21)

0.744 % 0.033

0.747 £ 0.056 n.s.
(23)

High

1.070 * 0.036

0.813 * 0.061"
(3)

1.117 % 0.044

**
0.815 £ 0,053
(5)

1.352 * 0.025

0.959 * 0.191
(3)

¥
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water trancfer, It ¥as not possible to investigate the inhibitory action
of braaykinin at kigh contro! water transfer in saline- rretreated rats

because none of the rats snowed high levels of contrecl transfer. There

was no effect of bradykinin at intermediate levels of control transfer in

either group of rats,

(v) Effect of Tow Sodium Diet o
on Water Transfer

n_the Effects of Bradykinin

Rats were fed on a low sodium diet and fap water for three weeks

prior to experimentation to increase circulating levels of mineralocorticoids

(Singer & Stacke-Dunne, 1955).

It can be seen from Table 4 that in sacs of jejunum from normal

rats bradykinin, 7.86 x 10-12M, produced its usual spectrum ot activity,

stimulating water transfer at low control transfer and inhibitiﬁg water
transfer at high control transfer. Je juna from rats fed on a low sodium
diet exhibited the same spectrum of activity as those from normal rats,
when incubated with bradykinin, 7.86 x 10—12M in both mucosal and serosal
solutions,

The above experimeunts which were aimed at manipulating levels of
the circulating renin-angiotensin-aldosterone system proved to be somewhat
disappointing and in subsequent experiments random sampling of animals was

used.
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(B). flole of frostaglanding in the Bradvkinin Action on

Water Trensfep

Prostaglandins inhibit intestinal &Bsorption of sodium and water

- 13 Green 75, . .
(Al-Awqati & Greenough, 1972;  Kimberg, Field, Johnson, Henderson &

Gershon, .1971; Pierce, Carpenter, Elliott & Greenough, 1971) and they

have been implicated in the action of bradykinin in several situations

(Vane & Ferreira, 1975). Tt was decided therefore to investigate the

possibility that prostaglandins were involved in the inhititory actions

of bradykinin on water transfer. In these experiments the non—steroidal

antiinflammatory drug, meclofenamic acid, was used since it has been
reported tn be a potent irhibitor of prostaglandin synthetase (Flower,1974).
The interaction between bradykinin and several prostaglandins on water

transfer was also investigated,

(i) Effect of Meclofenamic Acid on Bradykinin Action on
Water Transfer

Since it was not possible to obtain sufficient animals showing low
levels of control water transfer the effect of meclofenamic acid, 6.8PM,
on the action of bradykinin, ?.86 X 10—12M, was investigated only on inter—
mediate and high levels of control water transfer. In these experiments
both bradykirin and meclofenamic acid were present in mucosal and serosal
solutions.

Meclofenamic acid alone had no effect on water transfer at inter—
mediate or high control transfer (Table 5). At high control water transfer
the inhiﬁitory action of bradykinin (~26.,22t 5.69%) was abclished in the
presence of meclofenamic acid (-2.18 % 6-57%), which alone rad no signif-—
icant effect (~6.86 % 5.37%). Neither bradykinin (+1.22 = 7.70%) nor
meclofenamic acid (_5.93 F o 3,26%) had a significant effect on water transfer
at intermediate control trensfer but the combination of merlofenamic acid
and bradykinin caused 2 significant stimulation of water trausfer (+33.2 %

9.30%; p <0.n2) at this level., This degree of stimulatio» was significantly
. ’ h . -/ ’ -

diffegent (p ¢G,05) from the effect of bradykinin alone.
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TABLE 5 The effest of mecl oferamic acig (6.8 PM) and tradykinin
7.86 x 167120, o :
. X .My on water transfer in rat Jjejural sacs. Degrees
of sigmificance For each set of results are expressed as in
Fige 1. The mumbars of observations are given in parentheses.
Level off Mucosal Water Transfer (ml/g wet wt.hr)
Low Intermediate High
Control 0,751 * 0,031 1.279 % 0.077
o *
Bradykinin 0,772 X 0,061 n.s. 0.934 * 0,069
(4) (6)
Control 0.867 £ 0.034

Meclofenamic Acid

Control

Bradykinin + Meclofenamic
Acid

0.816 * 0,046 n.s.
(5)

0.783 * 0.029

1,038 * 0,041 "
(5)

1.354 £ 0.075

1.259 £ 0.100n.s.
(12)

1.277 * 0.063

1.214 + 0,070n.s.
(15)
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o
197

¢ of PGA1 on Water

e
Transfer and on +t} ]

.of FC nd. on e Action

3radvidinin on lWater 7

(ii) ®=ff
ot ransfer

& =5,
PGA1’ 295 x 107°M, caused & significant inhibition of water

transfer at both intermediate (p((ho1) and high (p<ih001) control

transfer but had nc significant effect at low control transfer (Table 6).

At high control transfer

10_12M,

the combination of PGA4 and bradykinin, 7.86 x
produced an inhibition of water transfer (-38.56 * 3.,22%) which
was significantly greater than that produced by either PGA, (-28.06 *
2.34%; p £0.05) or Lradykinin (~15.80 £ 3.23% p <0.01) alone. Brady-
kinin and PGA1 at intermediate control transfer inhibited water transfer

to a degree (-28.53 & 3.75%) which was significantly greater than the
effects seen with either PGA; (~11.68 % 3.75% P 0.01) or bradykinin

(-=1.70 * 8.98%; P 40.01) alone and it is clear that the incrcased inhibition
could not be an additive effect, Bradykinin significantly stimulated water
transfer at low conirol transfer (+25.88 % 10.53%; p ¢0.05) but in the
presence cof PGA1 which itself was without significant effect (—9.04 *

4.46%) produced a non significant inhibition of water iransfer (-12.75 *
7.86%) and the combined effect of PGA1 and bradykinin was significantly
different from that of bradykinin alone (p «0.,02)

(iii) Effect of PGE4 on Water Transfer and on the Action
of Bradykinin on Waier Transfer

It can be seen from Table 7 that FGE,, 5.65 x 10774, significantly
inhibited water transfer at high (p(0.001) and intermediate (p <0,02)
levels of control transfer but had no significant effect 2t low control
transfer., The combination of PGE, and bradykinin, 7.86 x 10—12M, produced
a significant inhibition of water transfer at high contrul transfer (=41.11
E 3.71%; p&0.001) which was signifioanfly greater than that seen ;ith'
either POE; (-27.46 % 3.28%; p 40.05) or bradykinin (-18.18 & 3.6§é p¢ 0.001)

s 3 & + mbination of bradykinin and
alone. At intermediate control transier the co y

4 a5 + o.
PGEy significantly suibited water transfer to a degree (-35.45 X 4.37%;

Y an than the eflects 3een with PGE
p €0,001) wrich was significantly giezter 1




TABLE 6

The effect of rros

7.86 x 10713y,

856

taglandin 4,y 5.95 x 107M and bradykinin,

on water transfer in rat Jjejunal sacs,

Degrees cf significance for each set of results are expressed

Control

Bradykinin

Control

PGA1

Control

Bradykinin

PGA1

as in g, 1,

rarentheses,

The numbers of observations are given in

Level of Micosal.Water Transfer (ml/g wet wi.hr, )

Low

0.412 * 0,033

*

0.499 i 0,031
-~ (10)

0.528 % 0.013

0.479 £ ¢,027n,s.
(15)

0.522 + 0,023

+ 0.452 :t O. 02311.8.

Intermediate

0.750 i'o.039

0.743 £ 0,052n. s,
(9)

0.682 £ 0,011

KKK
0.601 £ 0,024

)

0.777 £ 0,028

0.556 * o.o?g**

High

1.108 * 0,034
*¥K¥
0.931 % 0,033
(5)
1,110 £ 0.034

KKHeHe X
0.797 £ 0,029
(5)

1.132 £ 0,049

0.699 * 0.0g§**




TABLE 7

‘as in Fig, 1,

Control

Bradykinin

Control

Control

Bradykinin

PG}:.1

The effect of prostaglandin Eyy 5.65 x 1072

7.86 x 10712

57

M, and bradykinin,

M, on water transfer in rat Jje junal sacs.

Degrees of significance for each set of results are expressed

barentheses,

The rumbers of Observations are given in

Level of Mucosal Water Transfer (ml/g wet wt.hr, )

Low

0.493 % 0,054

0.698 % 0.064
(6)

0.467 * 0,047

0.395 * 0.044n.s.
(5)

0.517 £ 0,023

+ 0.488 % 0,046n.s.
(6)

Intermediate

0.848 £ 0,043

0.840 * 0,076 a.s.

(7)

0.761 £ 0.032

**
0.631 £ 0,034

(7)

0.770 * 0,046

0.500 % 0,054
(9)

K%

High

1.156 £ 0,035

K% %
0,941 * 0,030
(6)

KK
0.825 * 0,057

(6)
1,247 % 0,100

HXe N
0.726 * 0,057
(6)

K
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d. . .
(=16.54 £ 4.45%; p<0.01) or bradykirsn (=1.04 % 11.70%; p40,001) alonec.

Bradykinin significantly stimulated water transfer at low conirol transfer

(+45.57 % 15.54%; ¢0.05) but in comtination with PGE;, which alone had no
significant effect (~13.68 * 9.43%), cansed & non significant inhibition
of transfer (=5.54 % 1.55%) which was significantly dirfferent (p <0.01)
from the effect of bradykinin alone.

(iv) Effect of PGF,, on Water ‘francfer and on the Action
of Bradykinin on Water Transfer

PGFg%_: 5.65 x 10-5M, significantly inkitited waler transfer af
high (;;(0.001) and intermediate (p<¢0.07) contrsl iransfer but had no
effect on low control transfer (Table 8}. At hizh conticl iransfer the
combination of PGF,, and bradykinin, 7.86 x 10"12M; significantly inhibited
(p €0.01) water transfer by 35.51 % 6.62% which was sigrificantly greater
than the inhibition seen with bradykinin slone {~18.90 * 2,73%; p< 0.05)

but not significantly different from that produced by PGF2d_alone.(—32.9'

* 3,06%). Table 8 shows that the significaant inhivition (p40.01) seen

with bradykinin and PGF,, (~22.74 % 4.93%) ai intermediate control transfer
was not significantly different from the inhibition seen with PGFo, alone
(=15.70 % 4.35%) but was significantly different from bradykinin (-3.94
5.37%; p¢0.01). At low control transfer the significart stimulation of
water seen with bradykinin (+30.99 * 3.&6%; p ¢0.05) was qonverted to a
significant inhibition of water tramsfer (-27.33 * 5,93% % ¢2.05) by PGFp.
which alone produced a non significant stimulation of water transfer

(+ 13.96 * 6.00%) at this level of control transfer. The inhibition seen
with bradykinin and PGFp, was significently different ivon the effects seen

with bradylinin (p<¢0.001) and PGF,, (p<40.001) alone.

R
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5 ' TABLE 8 The effect of prostaglandin By v 5:65 x 10“5M, and brady-

n .. 12

; kinin, 7.86 x 10 "M, on water transfer in rat jejunal sacs.
Degrees of significance for each set of resuits are expressed
as in Fig. 1. The numbers of observations are given in

oo parentheses,

level of Mucosal Waber Transfer (ml/g wet wet.hr.)

f ‘ Low Intermediate High
: Control 0.407 + 0,038 0,761 % C.023 1,163 * 0.023
‘ * i + *3—**
Bradykinin 0.534 % 0,054 - 0,731 £ 0,056n.s. 0.943 % 0.03

(7) (13) (5)

ra

Control 0.469 * 0.052 0.748 L 0,022 1.223 £ 0,063 ¥
*% R KK 36 %“
PGF, 0.535 * 0.066n.s. 0,622 £ 0,028 0,813 * 0,015 :
* (5) | (19) (5) :
Control 0.443 * 0,039 0.806 % 0,033 1,146 % 0,032 .
b ¥
Bradykinin + 0.296 * 0,03% 0,625 + 0,044 © 0,804 % 0,082

POF,, (5) (14) (5)
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(¢) “Role of Cyclic AMP in the Bradykinin Action on Woter
Transfer

Cyclic AMP is known to affect intestinal transfer of sodium and
water (Field, 1974; Kimberg, 1974). Bearing in mind the above results
suggesting an interaction between bradykinin and prostaglandins, and the
knowledge that prostaglandins increase adenyl cyclase activity in
intestinal mucosa (Kimberg, Field, Johnson, Henderson & Gerwshon, 1974;
Sharp & Hynie, 1971) it was considered pertinent to investigate the role
of cyclic AMP in the inhibitory effect of bradykinin on water transfer.
In order to do this use ﬁas made of Theophylline, a methyl xanthine
derivative which is known to inhibit the enzyme which breaks down cyclic
AMP, phosphodiesterase (Butcher & Sutherland, 1962). Both cyclic AMP and
its dibutyryl derivative werc also used. The dibutyryl derivative was
used because of its greater resistance to degradation by phosphodiesterase
and its greater ability to penetrate membranes than cyclic AMP itself

(Posternak, Sutherland & Merion, 1962).

(i) Effect of Theophyiline on Water Transfer

The ffect of theophylline at concentrations of 0.1, 1.0 and
10.0 mM on water transfer is shown in Table 9. Theophylline, 10mM,
inhibited water transfer at high (~73.4%), intermediate (=61.1%) and low
(-30.8%) control transfer, while theophylline 1mM and O,1mM inhibited
transfer at high control transfer (~39.9% and —32.5% respectively) but
had no significant effects at low and intermediate contrcl transfer. At

high control transfer there was a dose-related effect.

(ii) Effect of Theggbylline on the Bradvkinin dction
on wWater iransfer

At low levels of control transfer the stimulation vroduced by

r~12r

bradykinin, 7.86 x 10 K (+33.68 % 12.79%) was conwertecd to an inhibition

? 7

(-14.38 = 1.€6%) by a concentration of theophylline, ', waich alone was

4

L in L IRMINGHAM.
e A e e
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Theophylline
(0. 1mM
Control
Theophylline
(1mM)
Control

Theophylline
(10mM)

0.603 + 0,131n.s.
(6)
0,471 * 0.034

0.468 £ 0,029n.s.
6

0.448 * 0,086

0.300 ¥ 0.043n.s.

(3)

0.704 % 0.128n.s.
(4)

0.797 £ 0.032

0.648 % 0,036n.s.
(10)

0.748 + 0.055

WK
0.291 £ 0,043

(5)

TABLE 9  The effect of theophylline on water transfer in rat jejunal
sacs. Degrees of significance for each set of results are
expressed as in Fig., 1. The numbers of observations are
giveh in parentheses,

Level of Mucosal Water Transfer (ml/g wet wet.hr.)
Low Intermediate High
© Control 0,487 % 0,064 0.825 + 0,073 1.240 £ 0.091

0.837 * 0.123
(5)

!

1.210 £ 0.081

*He N

0,728 £ 0.045

(6)

i . BIRMINGHAM.

1,033

7

Oa 275

(1)
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TABLE 10 The effect of theophylline, iml, and bradykinmin, 7.86 x

-12

10

M, on water transfer jia rat jejunal szcs.

Degrees

of significance for each set of results are expressed as

in Fig. 1. The numbers of observations are given in

parentheses,

Control

Bradykinin

Control

Theophylline

Control

Bradykinin +
Theophylline

Level of Mucosal Water Trarnsfer (ml/g wet wt.hr.)

Low

0.491 X 0.033

0.653 % 0,063
(6)

0.471 * 0,034

0.468 £ 0,029n.s.,.
(6)

0.517 £ 0.033

+ *
0.442 £ 0.029
(5)

Internediate

0.725 £ 0,025

0.768 * 0,051n.s.
(10)

0.797 * 0.032

0.648 £ 0.0%6n.s.
{(10)

0.823 * 0,023

= + KoK R
0.545 £ 0,032
(10)

High

1,152 * 0.046
KW
(5)
1,210 £ 0.081
FKe
0.728 * 0.045
(6)
1,148 * 0,061

0.612 * 0.037
(5)

I'q

in BIRAIIAGHAM.
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without effect \-2.63.% 2,42%; Table 10), Bradykinin and theophylline

produced a significant inhibition of water transfer (-33.45  3.17%) at
intermediate levels of control transfer which was significantly greater

(p £0.01) than that produced by theophylline alone (~17.81 * 4.30%).

At high control transfer bradykinin ané theophylline produced a significant
inhibition of water transfer (-45.95 ¥ 5,32%) which was significéntly
greater than that produced by bradykinin (-14.48 * 3.63%) but not
significantly different from that produced by theophylline (-38.64 x

4.43%).

(i2i) Effect of chiic AMP on Water Transfer

Cyclic AMP (1mM) which was present only in the serosal solution
inhibited water transfer at high control water transfer (—23.4%) but no
significant effect was seen at intermediate transfer levels. Tnsufficient
observations were made at low control transfer but there did not appear %o

be any effect of cyclic AMP (Table 11a)

(iv) Effect of Dibutyryl Cyclic AMP on Water Transfer and
on Bradykinin Action on Water Transfer

Tn this experiment the effect of dibutyryl cyclic AMP, alone or in
combination with bradykinin, on water transfer was investigated (Table 11b).
Bradykinin, 7.86 x 10—12M, was present in both mucosal and serosal solutions

while dibutyryl cyclic AMP was only present in the serosal solution.
Dibutyryl cyclic AMP inhihited water transfer signmficantly when
the control transfer was low (-19.65 % 2,69%), intermediate (-13.49 & 5.19%)

or high (-13.62 % 2.73%). At low levels of control transfer bradykinin and
dibutyryl cyclic AMP together stimilated transfer by a smaller amount
(+15.31 £ 2.47%) than that produced by bradykinin alonc (+28.37 % 8. 45%)

and at intermediate levels of control transfer produced ar inhibition of

water tronsfer (~23.59 % 3,05%) which was significantly greater (p <0.01)

than +thet produced by dibutyryl cyetic AMP alone (=13.4S 2 5.19%). When

/

HAM.

Ly

Vi fiis
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TABLE 11

AMP, 1mM, and bradykinin, 7.86 x 10712

in rat jejunal sacs,

64

The effect of (a) cyclic AMP, 1mM, and (b) dibutyryl cyclic
M,Aon water transfer

Degrees of significance are expresseaq

as in Fig. 1. The numbers of observations are given in

parentheses.

(a)

Control

Cyclic AMP

(v)

Control

Bradykinin

Control

Dibutyryl
cyclic AMP

Control
Bradykinin +

dibutyryl cyclic
AMP

Level of Mucosal Water Transfer (ml/g wet wt.hr,)

Low

0.583 * 0,026

0.564 X 0,103

(2)

0.500 % 0,033

*
0.636 X 0.051
(8)

0.548 * 0,021

0.438 * 0.022**

(5)

0.525 % 0,026

0.606 £ 0.023
(4)

Intermediate

0.819 £ 0,041

0.826 % 0.046n.s.
(1)

0.704 * 0.023

0.699 * 0.056n,s.
(12)

0.801 + 0.033

WKk

0.675 * 0,023
(16)

0.811 * 0,023

KN
0.579 X 0.034
(14)

High

1.134 £ 0.052

K
0.868 £ 0,043

(6)

1.123 + 0.034

+ WK
0,929 = 0.035
6

1.094 * 0.046

+ *oK¥
0.942 ¥ 0,022
(6)

1,147 £ 0,043

0,758 * 0.032**

(7)

!
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nontrol transf r : .. '
ster was high bradykinin and dibutyryl cyclic AMP prodused an

in1ibition of wate
water transfer (-33.56 * 2-99%) which was greater than that

roduced b inin (o
produced by bradykinin (-17.02 £ 3.00%) or dibutyryl oyclic AMP (=1%,62 %

2.73%) separately.

H
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SECTION 11 SMOOTH MUSCLE CONTRACTION

The experimenfs described abovevsuggested an involvenent of
prostaglandins and cyclic}AMP in the inhibitory actions of bradykinin
upon sodium and water transfer in the rét jejﬁnum. It was decided to
extend the investigation and to consider whether it was poséible to
observe such an involvement in the actien of br;dykinin on smooth muscle
contractility. The longitudinal smooth muscle of the rat ierminal
ileum is sensitive to bradykinin and responds with a slow contraction.

In all these experiments acetylcholine was used as a control
agonist. The contractile response of smooth muscle to acetylcholine is
thought to be the result of an increase in passive sodium permeability
(Bolton, 1972). Thus it was hoped that any non specific effects of the
drugs used (apart from hyoscine) on the ability of the smooth muscle
to contract would show up as a reduction of the acetylcholine-induced

contractions.

(A) © Experiments to Investicaté Possible Cholinergic Nervous

Mediation of Bradvkinin-Induced. Contraction of Rat Terminal

‘Tleum

The contractile action of bradykinin has been reported to be due
to a direct action on the smooth muscle rather than via an action on
nerves within the tissue (Day & Vane, 1963} Khzirallah & Page, 1961;1963).
Tt was the purpose of this part of the investigation to consider whether
such a conclusion could be drawn concerning the contractile action of
bradykinin on the longitudinal muscle of the rat terminal ileum.

(i) Effect of Hyoscine on ‘the Responses of Rat Teritinal Tleum
' To Acetylcholine and Bradykinin

The effect of hyoscine, Z.ZBPM, or the contractile iesponses of

. N . ; - ~ . ™
rat terminal ileum to acetylcholine and tradykinin can be seen 1n g 2.

. . oo gl - < o
Tncubation of the preparation with hyoscinz causea a reducdion of the

acetylcholine—induced contractions to 20,3 £ 4.5% (n = 10) of the coutrol

. i brliiion of =he responses arter
caapons= after 10 minutes, and virtual ny.llnl T
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The effect of hyoscine, 2,28nM, upon contractile responses of

rat terminal ileum to acetylcholine (0) and uLradykinin (@).

Graph chows meen % of control respénse with the standard error

cf the mean,
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. + . )
20 minutes (4.9 £ 2.1%; 10=10) and 30 mimtes (1.4 * 0.1%; n=10). The

responses of rat terminal ileum to bradykinin were only reduced to
71.0 & 7.1% (n=10) after 20 mimutes incubation and 75.7 % 10.7% (n=10)

after 301minutes. There was a highly significant difference (p<0.00})
between the responses of the two agonists at 10, 20 and 30 minutes

incubation. On removal of hyoscine the responses to bradykinin quickiy

recovered to 90.6 * 11.0% (n=10) after 10 mimutes, 95.3 * 12.8% (n=10)
after 20 minutes and 104.6 * 17.2% (n=10) after 30 minutes while acetyi-
choline was slower in recovering (21.4 % 4.1%; n=10, after 10 minutes;

50,1 * 4.8%; n=10, after 20 mirutes and 75.2 X 8.7%; n=10, after 30 mirutes.

\

a | . ’ .
8.5% (n=10) of the control after 10 mimutes incubation with hyoscine,

T e A T
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(B) Experiments Tnvolving the use of Metaboiic inhibition

The metabolic requirments for the contraction of smooth muscle
have been extensively studied (Coe, Detar & Bohr, 1968; Furchgott & Shorr,
1948; Prasad, 1935a,bs) However, the mStaholié requirements of individual
spasmogens has not been well investigated. The invo!lvement of secogdary
messengers such as prostaglandins or cyclic AMPAin the contractile action

of bradykinin would probably have a metabclic requirement in addition to

that of the contractile process .itself.

(i) =ffect of Anoxia on Respornses of Ra! Terminel Ileum
1o Acetylcholine and Bradykinin

Anoxia, which was induoéd by replacement of air by nitrogen as the
gassing agent, caused a dramatic reduction of the hradykinin-induced
responses to 38.2 ¥ 11.6% (n=8) at 10 mimtes, 29.0 % 12.4% (n=8) at 20
mimutes and 7.4 £ 2.6% (n=8) at 30 minutes while the responses to

of
/%

acetylcholine were significantly less affected at cach time (86.4 % 4{8
n=8, p L0.02, at 10 mimutes; 85.6 £ 8.9, n=8, p<£<C.01 at 20 minutes;

68.7 £ 10.7%, n=8, p {0.001 at 30 mimtes, Fig 3). Preliminary observations
using 2,4 dinitrophenol, an uncoupler of oxidative phosphorylation, suggest

that bradykinin-induced contractions of rat terminal ileum are considerably

more dependent on oxidative metabolism than are those of acetylcholine.

e ™ B
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s . ) .
The effect of nitrosen-induced anoxia upon contractile rezponses

of rat terminal ileum to acetylcholine (0) and bradykinin (@).

Graph shows mean % of control response with the standard error

of the mean.
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Recovery
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(¢) Role of Cvclic AMP in the Contractile Action of Bradykinin

(i) Effect of Theophylline on Contractile Resvonses of Rai
Terminal Ilcum to Acetylcholine and Bradykinin

Theophylline was gsed to investigéte if there was an involvement
of cyclic AMP in the action of bradykinin én rat terminal ileum. It can
be seen from Fig 4 that exposure of the rat terminal ileum to theophylline,
1mM, caused a partial reduction of the contractile responses to
~acetylcholine to 75.86 % 7.45% (n=7) after 10 mimtes, 58.27 * 4.34%

(n=7) after 30 mimutes and 69.07 * 7.96% (n=7) after 50 mimtes. However,
bradykinin-induced responses were reduced to 27.66 % 10.91% (n=7) atter
10 minutes, 27.92 * 8.20% (n=8) after 30 mimutes and 27.25 % 7.79% (n=8)
after 50 minutes. Responses to acetylcholine gpd bradykinin were
significantly different (p<0.01 in each case) at 10, 30 and 50 minutes.
Recovery of responses to both acetylcholine and bradykinin was rapic
after removal of theophylline, 109.94 % 5.88% (n=7) and 94.76 % 5.85%
(n=8) respectively after 10 minutes.

Theophylline, 10mM, caused complete abolition of both acetylcholine
and bradykinin contractile responses ﬁithin 5 mimutes of exposure of the
tissue to the dru%gbsﬁowever, recovery on removal of theophylline was

rapid, the responses to acetylcholine and bradykinin after 10 minutes

being 114.33 * 2.83% (n=6) and 95.09 % 9.24% (n=4) respectively.
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™ e The effect of theophylline, 1mM, upon contractils responses
of rat terminal ileum to acetylcholine (0) and bradykinin

(0). Graph shows mean % of control response with the

standard error of the mean,

Recovery

Time (mins)

Theophylline
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esuodseg [ouod 1O %




73

Fig, > The effect of theophylline, 10mM, upon contractile responses
of rat terminal ileum to acetylcholine (0) and bradykinin (@).

Graph shows mean % of control response with the standard error

of the mean,
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(D)

1 e At . . . ’
Roie of Prostarlendins in the Contractile Action of Bradykinin

& ™ . s
\1) Lxperiments using Prostaglandin Synthetase Tnhibitors

Tae discovery that aspirin-like drugs specifically inhibit prosta-
glandin synihetase (Vane, 1971) was of major importance and has provided
a simple yet reliable method of investigating the possible involvement

of prostaglandins iu a variety of situations. In the present experiments

use was made of four such inhibitors of prostaglandin synthetase, namely

aspirin, indomethacir, meclofenamic acid and flufenamic acid, in

concentrations which have been reported to be effective in inhibiting

the enzyme (see review by ¥lower, 1974 for references). In these
experimentsveither PG,2 or hoth PGE2 and PGF2x'were also used as agonists
in addition to acetylcholine and bradykinin in order to assess the
specificity of the prrostaglandin synthetase inhibitors used since it has
ﬁ been reported ‘hat they can affect other enzymes (see Flower, 1974) as
well as directly aifecting prostaglandin receptors (Collier & Sweatman, f
1968). - ’ '“ "$

; (a) Effect of Aspirin on Responses of Rat Terminal
| Tierm to Acetyicholine, Bradykinin and. PGE,

TR e

Exposure of preparations of rat terminal ileum to Tyrode solution

containing 610pM aspirin had no effect on the ability of the preparation SR
f to respond to acetylcholine (Figé&), the contractions produced by this
agonist being 95.79 1 7.68% (n=10) of the control contraction after 10

nimutes, 105.12 % 6.23% (n=14) after 30 mimtes and 101.94 6.17% (n=13)

after 50 mirutes. In contrast bradykinin-induced contracticns in the

presence of aspirin were ~clgced to 47.64 L 5.97% (n=12) after 10 minutes,

57.84 + 6.13% (n=13) aftc™ 30 nimutes and 57.99 % 7.17% (n=14) after 50

e it teamyr aGtH spirin on brodykinir. responses b
mimites. Thus the inhiditory actien of aspirin ody :

-~

1 vt sence of asuirin the PGE
did not appear tc be progressive. Tv. the prese y 5

a 5 . - 'l(, 4 nLves 808 i
induced contractions were 104.2 % 5,87 (n=10) after 10 min 19

6.1% (u.-10) afier 30 mimuies and 52.9 % 8.3% (n=10) arter 50 mimites.

s teear b contractile ‘
There was a highly significant difference (I"O-OO1) L2 tueen the oon :




‘5

ig. 6 The effact 45 piri
™ e effact of aspirin, 61OPM, upon contractjle responses of

rat terminal ilewm to acetylcholine (0) and bradykinin (@)

and PGE2 (x). - Graph shows mean % of contral response with

the standard error of the mean,
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responses to botlh acelylcuoline
10 11cvand PGE2 and those to bradykinin at 10,

30 and 50 minutes,

» - P .
Removal of aspirin aid not affect significantly acetylcholine-

induced responses of rat ilecum but those of bradykinin showed a gradual

recovery. Hovever there was still a significant difference (p<0.02)

between the responses of rat terminal ileum to acetylcholine and brady-

kinin 70 mimites after removal of aspirin. After 90 mimites the brady-

kinin responses had recovered to 97.7 % 4.2% (n=7) of contrcl contractions,
a value whicn was not significantly different from the responses to

acetylcholine.

Aspirin occasionally caused a reduction of tone in 12 oul ﬁ 22, Tissues

(b) Effect of Tndomethacin on Contractile Respouses
of Rat Terminal Ileum to Acetvlcholine, Bradykinin
PG, ‘

The presence of Q.SPM indomethacin in the Tyrode solution bathing

rat terminal ilcum cansed a slight depression of both acetylcholine

(88.66 * 4.48% of control contraction, n=10) and bradykinin (78.85 % 4.73%,

n=10) responses affer 10 minutes incubation (Fig 7). There was no

significant difference between the responses to both agonists. The %
responses of terminal ilewn to bradykinin were reduced to 84.31 £ 5.44%, |
(n=10) at 30 minutes and 74.35 % 7.26% (n=9) at 50 minutes, therefore the

depression of these responses wad not progressive. Acetylcholine~induced : ’f

contractions recovered to mormal values after 30 minutes incubation

(104.47 + 7.17%; n=9) and werc slightly  biyges ~at 50 mimutes (119.85

£ 7.16%; n=10)., There were significant differences between acetylcholine

and bradykinin “nduced responses at 30 mimtes (p<0.05) =rd 50 minutes

e AT S A A

(p'(O 001) It was observed +hat responses of terminal ileum to bradykinin

L. . st ~ o )
gradually recovered on removal of indomethacln, reachins 20.40 = 8.63% PO
y . r

(n=9) after 50 mim.tes. Resporses to acetylcholine remained slightly

A ~r 04
_ o a were 117.15 £ 6.59%

(n=9) ‘after 30 minutes.
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Fig. 1 The effect of indomethaciu, 2.8pl, upon contractile responses
of rat terminal ileum to acetylcholine (0) and bradykinin (®).
Graph shows mean % of control response with the standard error

of the mean.
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Fig, 8 The effect of indomethacin, 28.0pM, npon coniractile responses

of rat terhinal i \ i
ileun to acetylcholins (O), hradykinin (@),

and PG}:.2 (X). Graph shows mean % of control respcnse with the

standard error of the mean,
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BEx t l "
posure of rat terminal ileum to 28.0pif incom

:thacin had no
sjgnificant effect on the contractile responses of the tisuue to
acetylcholine (Fig 8) which were 88.47 * 4.54% {n=14) after 10 mimutes,
106.09 T 5.42% (h=14) after 30 minutes ard 105,93 * 5.08% (n=13) after
50 minutes. In contrast the responses to bradykinin were progressively
reduced to 71.02 * 5,76% (n=13) after 10 mimtes, 54.21 % 7.75% <n=14)
after 30 mimutes and 42.79 % 7.28% (n=13) after 50 mirutes. In the
- presence of 28'OPM indomethacin PGE2 responses were reduced to 69.9 *
7.9% (n=10) at 10 minutes, 76.2 * 9.7% (r=10) at 20 minutes and 86.2 %
13.9% (n=10) at 50 mimtes., There werc significant ¢ifferences betﬁeen
acetylcholine and bradykinin responses at 10 mimmtes (p&0.05), 30
minutes (p¢ 0.001) and 50 mirutes (p ¢ 0.001) and also between the responses
to bradykinin and PGE, at 50 mimites (p £40.02). After removal of 28.0pM .
indomethacin acetylcholine—induced responses were sligntly elevated to
113.63 ¥ 4.49% (n=8) after 90 mimutes. The slight depression of PGE,
induced contractions recovered rapidly on removal of indomethacin
(98.8 X 13.9%, n=10, after 10 minutes) whereas the depression of brady-
Kinin-induced responses recovered only gradually until the responses were
98.15 * 15,12% (n=5) after 90 mimutes. The difference in the rates of
recovery of bradykinin and PGE2 would suggest that there may be a different
inhibitory mechanism operating in each case.

A reduction of tone of the tiSSueAwas frequently scen in the

presence of indomethacin, particulady when a concentration of 28.0ull was

used. Vone wos reduted o 2o et of 2y pregacalions ab 28oum and boout i

?TQ\?Q(D\\-\M\S o ZZ/\AN\.
(c) Effect of Flufenamic Acid on Contractile Responses
=7 Rat Terminal Ileum to Acetyichoiine, sradykinin,
PGE, and PGF,

» s . cq i 4+ . .
Contractile responses of the rav terminal ileum to acetiyicholine

and PCE. were not significantly affected by the incubation of the lissue
"2

with Tyrode solutioh containing 3.6PM flaferamic acid (Fig 9).

. AT 11e W . i .C?% ‘_"“=7 and
Acetylcholine~and PGEé-lnduced contravt%«1L ere 96.37 £ 4.02% (n=7)

o
RN R




80
Fig. 9 The effect of flufenamic zcid, 3.6, upon contractile responses

of rat terminal ileum to acetylcholiuve (J), breiyldnin (@),

PGE, (x) and PGF&@). Graph shows meen % of control response

with the standard error of ihe mean.
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no effect on acetylcheline after

G

89.14 % 5.07% (n=19) after 'S mimites, 99,35 £ 4.99% (.-€) and 95.80
+ 5,1% (:.=10) after 25 minutes and 96.Bé £ 3,64% (n=11) and 96.6 %
7.8% (n="0) respectively after 55 mimutes. Flufer@nic acid dramatically
reduced contractile respouses to bradykinin to 39.79 % 8.78% (n=6),

23.14 X 5.60% (n=9) and 26.55 £ 5.33% (n=5) after 15, 35 and 55 mimtes
respectively. Thus there was a progressive increase in the degree of
inhibitior. of bradikinin responses. PGqu?induced responses were
reduced but less so than those of bradykinin., The responses to'PGFZo(~
were 81.66 = 2.96% {n=7), 70.41 * 8.14% (n=4) and 66.97 * 3.75% (n=5)
after 15, 35 and 55 minutes respectively, and were significantly

different [rom the responses'to acetylcholine at 15 (;)<0.02), 35

(p<0.01) and 55 (p €0.021) mimtes. The contractile responses to

bradykinin were highly significantly different (;w(0.001) firom those of

acetylcholine at each of the times tested and they were significantly

different from PGsz'and PGE2 at 15 minutes (p €0.001 and p €0,001), 35

minutes (p¢0.01 and p€0.001) and 55 mimutes (p €0.001 and p €0.001).
After removzl of flufenamic zcid responses to bradykinin showed

a gradual and partial recovery to 55,24 % 4.48% (n=5) after 75 minutes

while PCF. contractiie responses had recovered to 84.58 % 13.60% (n=T7).

2L

Acetylcholine-and PGEZ—induoed responses were not affected by the removal

of flufenamic acid.

Incubation of the ticsus with flufenamic acid was sometimes

associated with a raduction of Toneg %ﬂ\gjla W ooub (Q A prepacations,

(d) Frfect of Meclofenamic Acid on Contractiile Responses
of Rar serainal Tleum %0 hoetvlcholine,  pradvkinin,

O ———————y ."'.._.,,-“
PGE2 ard TCE

e d -——-———-—-“‘2&

Exposure of the rat terminal ileum to 3.4pM meclofenamic acid had

43 mimutes (101.94 % 4.3%%, v=14) and

=
J

caused a slight putentiation otr acetyicholine after 35 miruves (113.98 &

5.96%, 1=14) and % mimuies (113,22 & 4.52%, n=15). Both PGF, and FGE,

. . s wagenee of anic 2.7 (U1 to
were-slichily reduced in the presense O meclofenamic 2%. ( glO)

ey any,
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Figr. 10 The effect cf meclofenamic acid 3
responses of rat termi . 1 3+4pl, uper contractile
bradyiinin (@) uté;rml(.?a)tl ileum to acetylcioiine (0),
% of control I‘ér-.: 2 N and PGF oc(D)' rap: shows mean
B | syonse with the sTandard error of the mean.
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Fig, 11 The effect of meclofenamic acid, 17.0pM, upon contractile

responses of rai terminal ileum to acetyicholine (0)
?
bradykinin (@), PGE,, (X) and PGF,  (0). Gvach shows mean

4 o
5 of conirol *vaoake with the s%éndard ercor of the mean.
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77.96 £ 6.35% (n=0) and £3.2 £ 6.1% (n=10) after 15 mimutes, 84.75 *

5.67% (n=7) and 83.6 % 7.47% (n=10) after 35 minutes and 37.62 * 6,52%
L ] 0 E . 7/
(n=8) and 88.3 X 7.4% (n=10) after 55 mimites respectively, Thus there

i fference in t oo 4
was no difference in the responses to PGE2 and PGFZg . It can be seen
oL

from Fig |C that Bradykinin-induced contractions were markedly inhibited
in the presence of 3.4pM meclofenamic acid to 51.47 L 5.93% (n=15)

after 15 minutes, 44.91 % 4,48% (n=13) after 35 mimutes and 46.91 X

5,.76% (n=13) after 55 minutes. The responses to bradykinin weré highly
signifidantly different (p€0.001) from those o acetylcholine at each
time tested and were significantly different from those to PGE2 and PGF2«_
at 15 mirutes (p €0.02), 35 r'ninu'tes (p €0,001) and 55 minﬁtes (p €0.001).
On removal of 3.4pM meclefenamic acid there was an immediate recovery

of contractile responses to POF, (105.82 *+ 6.68%, n=5, at 10 minutes)
and PGE,, which was slightly bigger = (119.3 2 7.3%, n=10, after 10
minutes). In contrast the recovery of bradykinin in meclofenamic acid-
free=TyrodeZ;:Zm%radual, the responses reaching 95.02 % 8.28% (n=6) after
95 minutes. Acetylcholine —inducerl contraétions were unaffected by removal
of meclofenamic acid.

In the presence of 17'OVM meclofenamic acid bradykinin induced
contractions of rat terminal ileum were reduced to 30.10 x 6.93% (n=9)
after 15 minutes, 24.86 +4,41% (n=10) after 35 mimtes and 20.83 % 3.93%
(n=11) after 55 mimutes (Fig [t) but the responses 1o acetylcholine were
also reduced to 78,01 * 6.25% (v=13) after 15 mimtes, 76.33 % 6.78%
(n=12) after 35 minutes and 52.29 ¥ 7.91% (n=9) after 55 mirutes.
Contractile responses to PGFZ& and PGE2 were reduced by 17;OPM meclo~
fenamic acid to 54.79 to4.05% (n=11) énd 50.2 X 7.3% (n=10) after 15
mimtes, 39.13 & 5.03% (n=11) and 38.7 % 6.1% (n=10) after 35 mimies and
35.87 £ 7.57% (n=8} and 40,3 % £.7% (p=10) after 55 mimw 8. There was -
no signiTicant differences in the effect on PGE, and FGF, o The reduction

. £ ists. The rontractile
of responses was progressive for all four agonists. .

reSpénses to bradykinin were highly significanily differert (p<0.001)

from those of acetylc-oline at 15, 3% and 55 minites ard wers siznificantly

F PN St st
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different 0.05) from th ; )
' (p<0.05) from those of PGP2«_ after 15, 35 and 55 mimtes and

thuse of PGE2 after 55 minutes (I)(0.0S), On removal of 17.0pdt

meclofenamic acid from the bathing solution there was a rapid recovexry of

the responses to acetylcholine (97'10 * 5.99%, n=i5, after 15 minutes),

(88 4 *+ 6.6%, n=10, after 15 mimtes and PGF (76 77 + 6.30%, f:

n=6, after 15 minutes). However the contractile responses to bradykinin

recovered much more gradually reaching a value of 87;63 t 9.21% (n=7)

af4er 95 minutes.

Reduction of tone was often seen in tissues incubaied in Tyrcde

containing meclofenamic acid, especially at a concentration of 17.0pMy whea Tone

wes rrdwted va Aok S Rreparedions . fit 3'L¥VN\ tone fenl 1 1y eut of 2y
?r(?t\"({\"\m\S_

(ii) Experiments using Prostaglandin Receptor Blocking

Aggnts

Several substances have been discovered which prevent the normal

interactions of prostaglandins with their receptor sites. There are T
three main types: namely, polyphloretin phosphate and its derivaties

(Bakins, Karim & Miller, 1970), SC 19220 (Sammer, 1969) and 7 oxa~13-

nrostynoic acid (Pried, Santhana Krishnan, Himizu, Lin, Ford, Rubin &

Grigas, 1969). The properties of these prostaglandin receptor blocking ¢

F DT me s Ao

agents have been extensively reviewed recently by Bennett (1974). The

disocvery of such agents could be of great value for investigating the

involvement of prostaglandins in physiological, phapmacological and

pathological phenomena; Tt was hoped that the use of several prostaglandin
receptor blocking drugs in the subsequently reported experiments would

clarify the results described above.

(a) Effect of Polyphloretin Phosphate on Contraci?le
Responses of Hat Torminal Ileum to Acetylcholine,

Bradrk1n'“ qu and PGrzd_

Polyphloretin phosph.i2 (PPP), incubated for 2 minutes at a

r)noontrd+lon of 10pg, /mL did uct affect the contractile response of rat

‘ v 539, - but the resporse
termiral ileum to acetylehni.az (94.53 £ 3‘C3P7 n=10) but I

‘ ‘28 = ch wag
to bradyvkinin was reducec > 61,82 £ 5.79% (n 8), a value vhi
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Fig. 12 The effect of polyphloretin phosphate, 10Pg/h1, upon

v T . o~ . . ‘
contractile responses of rat terminal ileum to acetyl-holine,

bradylkinin, -PGE, and PGF, . The histogram shows mean %

of control response with the standérd error of the mean.
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significantly dlfferegt (p<!3.001) from that of acetylcholine (Fig 12)

ng2d;_induced contractions were inhibited (37.06 * 6.03%, n=11)
significantly greater (p<0.01) than those of bradykinin while the response
to PGE2 was inhibited to a value which was not significantly different

. . +
from that of bradykinin (71.6 = 6.6%, n=10) but which was significantly

gifferent from those of acetylcholine (p<0.01) and PGF, (p<0.001).
-4

The blocking action of PPP on bradykinin and the prostasglandiiz

was reversible, the agonist responses returning to normal within 15
minutes after its removal. PPP did not consistently affect the tone of

the rat terminal ilcum.

(b) Effect of Diphlore*tin Phosphate on Contractile
Responses of Rat Terminal Ileum to Acelylcholine,
Bradvkinin, PGE. and PGF2¢

Acetylcholine-induced responées of rat terminal ileum were not
affected by a 2 minute exposure of the tissue to diphloretin phosphate
(DPP) at lpg/ml (97.38 * 3.18% n=13), 2.5pg/ml (99.87 % 3,20%, n=15),
Spe/ml (98.49 % 3.24% n=14) or 10pg/m1 (101,01 £ 4.85%, n=9) (Fig 13).

Bradykinin, PGde_ and PGE2 induced contractions were significantly
reduced, when compared to acetylcholine, in the presence of 1pg/ﬁl DFP +o
70,02 + 4.73 % (n=8), 57.60 * 4.67% (n=6) and 49.85 L 7.94% (n=5)
respectively. Higher concentrations of DPP progressively reduced the
ability of bradykinin and PGE, equally to contract the rat terminal ileum;

+
the responses were reduced 1o 43.89  5.74% (n=7) and 41.47 = 10.23%

(n=5) at 2'5Pg/ml; 42.91 = 7.90% (n=10) and 32.07 t9.75% (n=5) at 5-Cp&ﬁnl
and.23°22 ¢ 7,145 (ne5) and 16.76 £ 7.06% (n=6) at 10Pg/h1 respectively.

. : 1
The responses to bradykinmin and PGE2 at 2.5, 5.0 and 10ug/ml were no

significantly different from each other but were highly significantly

gifrcrent (p €0.001) from those of acetylcholine at these concentrations.

VGF. -induced contractile responses were reduced to 18.53 * 3.6C%

24
’ g (vi-4)
(n=8) at 2.5 pg/ml, 4.95 & 1.95% (n=6) at Spg/nl and 3.97  2.367 ()

at 10P€/m1. These inhibitiors were significantly different from thoze seen

: g 0.02), 5.0ng/ml
for bradykinin and ngfz at 2,‘)]16-//1!)1 (p ¢0.,01 and p< )'1 O}l
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Fig. 13 The effect of.diphloretin phosphate, at various concentrations,
upon contrgctl%e responses of rat terminal ileum to
acetylcholine {0}, bradykinin (@), PGE (X) and PGF

14
e
Graph shows mean % of control response with the staﬁgard erTOr
of the mean.
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(p €0.001 and p {0.01) and 109g/m1 (2 <0.05 and p <9.C5) respectively,

nd highly significantly dif : ' -
a & £n y different (P‘i0.001) from those of acetylcholine
at each concentration,

Thus it can be seen that PGsz was more susceptible to the
prostaglandin receptor blocking action of DPP than PGR It is also

Y 2 L] v

of interest that the inhibition patterns for bradykinin and PGE2 are very
similar, apart from the effect observed with the lowest dose of DPP.
DPP did not appear to have a non specific depressant action on the
contractile ability of the smooth muscle since acetylcholire responses
were not affected. DPP was also seen 1o de a more potent inhibitor than
PPP.

(¢) Bffect of SC 19220 on Coutractions of Rat Terminal
TIleum to Acetylcholine, Bradylinin, PGE? and PGFOd‘

Exposure of the rat terminal ileun for 10 mimtes to 1.51 x 10_5M
SC 19220 did not affect contractile responses te acetylcholine (103.57 *
3,67%, n=5), bradykinin (100.69 * 5.04%. n=5), FOE, (101.09 * 12,78%,
n=6) or PGE, (97.49 * 4.84% n=5) (Fig 14).

Both acetylcholine-and PGan;-induoed oontractioﬁs of rat terminal
ileum were slightly and equally reduced to 87.10 £ 6.62% (n=7) and 84.91
* 4.47% (n=10) in the presence of 3,02 x 10"5M SC 19220, At this
concentration of receptor blocking agent responses to both tradykinin
(68.34 * 4.95%, n=7) and PGE,, (63.21 t 4.75%, n=5) were recunced signif-
icantly more than either acetylcholine or PGde_ (p ¢N.,05 in each case).
. e responses 1o acet&lcholine and PGF, was

Oy 51,87 = 3.28%,

The inhibition of contractil

not increased by exposure of the tissue to 6.03 x 10

-5 +
n=15, and 81,36 * 6.81%, n=9, respectively) or 9,06 x 1B m(78.96 =

~rtix h's X o0 10
3.38%, n=17 and 78.51 + 8.89%, n=T, respectively. There was u

significant difference in the offepts of SC 19220 on acetylcnoline or

PGF,  —induced responses at any concencration.
Tn marked contrast the contrectile responses of bradyki.din cnd

i i inhibited i na presence of increased.
P’E2 were progressively more inhibited in th2 pres
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_1_7,'1_;‘1...1& The effect of SC 19220, at various concentrations, upon
contractile rcsponses of rat terminal ileuwn to acetylcholine

(0), ®radykinin (@), PoE, (x), and PeF, (). Graph shows

mean % of control response with the sta:nda.rd error of the }

mean,
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s¢ 19220 concentratiops. At 6.03 x 10"514 SC 19220 thé resrtonses to
&
- bradykinin and PGE, were reduced to 46,49 ¥ 6,22% (n=10) and 55.54 +
6.42% (n=7.)’ respectively, both of which were significantly different

from the responses to acetylcholine (p<0.001 in each case) and POF
2«

(p €0.01 in each case). At 9,06 x 10"1‘5: SC 19220 the responses to
bradykinin and PGE2 were reduced to 34,54 ¥ 6.68% (n=10) and 29,24 *
7.24% (n=8) respectively, both of which were sigaificantly different

from the responses to acetylcholine (p €0.001 in each case) and PGF‘2
oL

(p<0.001 in each case).

Thus it is clear that in this tissue PGE2 is more susceptiblé
than PGonL to blockade by SC 19220. t is of interest that the
inhibition pattern seen for bradykinin is very similar to that seen for
PGE2. It is clear that there is little non specific depression of
contractile ability of the muséle since acetylcholine responses are only
reduced partially even at high concentrations of 8C 19220, The presence

of SC 19220 was not associated with logs of tone 1n the muscular

preparation.

(a) Effect of 7 Oxa~13=Prostimcic Acid on Coniractile
Responses 10 Acetylcholine, Bradykinin and PGE2

: solulwen
The rat terminal ileum was exposed to Tyrodekgontaining 6.49 x

10—5M 7 oxa~13-prostynoic acid and contractile responses to acetylcholine,

d |"1-_. 1
bradylinin and PGE, were reduced to 62.1%, 64.1% and 73.8 % {n=? in each
case) respectively. Unfortunately there was not enough 7 0x3rm" 3=

prostynoic acid available for it to be possible to providae adecuate

+ e ' 3 7+
quantitative data for this experiment but from the results obtained it

- PR 2 00
would appear that 7 oxa~13-prostynoic acid was having @ uoin Speclilc

i 5 51 tile
: neeatration used, since contrac
depressant action on the muscle at the concentrav "

responses to acetylcholine were markedly reduced.
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(%) Experiments to Measure and Identify Po

ssible Prosiaslandin

Release by Rat Terminai Tleum

(i) Prostaslandin Bioassay

In view of the findings reported above concerning the experimenss
performed with several prostaglandin s,ylithetase inhibitors and prosta~
. glandin receptor blocking drugs, it was decided to investigate if
prostaglandins were released by rat terminal ileum into the Surrcunding
Tyrode solution before and during the administration of a concentration
of bradykinin which would elicit a contractile response. It was also
decided to investigate the effecl of the previously used prostaglandin
synthetase inhibitors upon such a release of prostaglandins.

PGEé was used as standard prostaglandin in this bioassay because
it has been reported that P(}E2 is the principal prostaglandin in the
rat gastrointestinal tract (Collier, 1974) and because of the similarity
between bradykinin and PGE2 action in some of the previous experiments.

The basal output of prostaglandin-like material in the effluent
from the organ bath was 17.7 £ 2.7 ng of PGE2 equivaleht gram of tissue
hr. (n=17). This was not increased by incubaiion with 60ng/ml bradykinin
(21.2 + 4.0, n=8) or lpg/ml SQ 20881 (16.0 X 4.6, n=10), which is an
inhibitor of the kininase enzyme which causes breakdown of bradykinin.

However, the presence of both bradykinin and S5Q 20881 in the organ bath

increased the production of prostaglandin—like material in the effluent

to 55.4 + 10.9 ng equivalentsof PGEz/g of tissue hr (n=17) which was

significantly greater ( p<0.01) than that seen with the control (i.e.

only SQ 20881). It can be ssen from Fig 15 that this stimulation of

prostaglandin-like material was significantly reduced in the presence °f

) - | iI‘in (8.0 s
—-— 3'39’ n"‘6’ p <O.\.)2).

ety . . .21
3.7, n=Y, p<0.05) and 3.55pi flufenamic acid (7

i i néetect-
Indomethacin, 28,0pM reduced ithe release of PG-like material to unc
' : i thstase
atle levels (p<0.01). Thesa concentrations of prostaglandin syntlhsta

h e 1S v'. i ; contracti”ic
i 1 bi ~a Lh108 d pre iously in the
nhibitors were the some &S thoce nsed D




Fig. 15 The effect of bradykinin (60ng/m1§, SQ 208814 (

aspirin (610}1M), indomethacin (28.0}ﬂ&), flx

1}1g/m1),

fenamic acid

(3,55}1]/_!.) and meclofenamic acid (3.4}1M) on the release of

prostaglandin-like material from rat terminal ileum
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(ii) Characterisation by T.L.C. of Prostasl anineLi ke

Material Released by Rat Terminal Tleum

When chromatographed on silica gel plates the acidic ether extract
prepared previously showed three main spots with Rf values 0.36, 0.66 -
0,72 and 0.86 = 0.89 (Fig 16). The most prominent spot was that with Rf
value 0,606 = 10.72. A similar pattern of spots was seen in extracts of
organ bath rluid taken from tissue incubated with and without bradykinin
and SQ 20881 tut the spols were more prominent when bradykinin and
SQ 20881 were present. These Spots did not coincide with those produced
by standard prostagiandins which were PGE1 (0.53), PGE2 (0.55), .PGF‘20L
(0.41) and Poa, (0.77).

The cxtract from tissues incubated with indomethacin 28.0})1\'[, showed
a different pattern of spots on TLC plates. There were no spots with Rf
values 0.36 or 0.6A — 0,72 but the spot at 0.86 = 0.89 was unaffected.

In addition a spot appeared at Rf 0,79 (Pig. 17). | | &

Extraction of organ bath fluid from tissues incubated with S '
indomethacin, 28.0}1M, and standard FGE, for 1 hour showed three spots. |

One spot corresponded to I‘GE2 (rf 0.55), and two had similar Rf values

to those seen with bradykinin (0,68 = 0,71 and 0.85 = 0.89).

From Fig, 18 it can be seen that 15 ke to~prostaglandin B, produced

’: a single spot which had the same mobility as the second of the spots seen

with the bradykinin extract (Rf 0.69).
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2. ACTION OF BRADYKININ OV SODIUM AND WATER TRANSFER TN
RAT JEJUNUM

(a) Effect of Bradykinin on Rat Jejunum

The method of Wilson & Wiseman (1954) which has been used freguently

fof studying the action of substances on the intestinal transfer of sodium
and water was used in this study to investigate the action of bradykinin
on sodium and water transfer in rat jejunum.

Bradykinin, at low concentrations (7.86 x 10"11 to 7.86 x 10-1am),
was observed to have two different effects on the transfer of sodium and
water and it appeared that the effect seen was dependent on the cortiol
level of sodium and water transfer. Thus when control transfer was high
an inhibition was observed. These findings are of interest because
Dennhardt & Haberich (1973) showed that kallikrein could have both
stimulatory and inhibitory actions on the tranéport of sodium and water
by rat jejunum and-colon. In rats with ligated pancfeatic ducts, in which
control transfer was low, kallikrein stimulated sodium and water truusfer
in both rat jejunum and colon whereas in normal rats, which had high
control transfer, kallikrein inhibited sodium and water transfer in
jejunum and colon. Thus it seems possible that the observations of i

Dennhardt & Haberich (1973) may have been due to the generation of brady-

Kinin by kallikrein within the intestine.
The idea that bradykinin may have two opposing effects and that ; s

either of these effects may be dominant depending on the prevailing

conditions is not new. The usual effects of bradykinin on rat blood

Ree e e

pressure and guinea pig ileun are to cause hypotension and contraction,

respectively, but bradykinin-induced hypertension is seen in rats with

icw blood pressure after nephrestomy and ganglion blockade (Croxatto &

Belmar, 1961; Croxatto, Relysar, Pereda & Labaroa,’1960) and a relaxation

in response. to bradykinin oscurs in guinea pig ileum whose tone has been

cleveted with acetylcholine 2T histamine (Hall'& Bonta, 1972). I: has

also been shown that pradrdnan can have successively both relaxatory and
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stimulatory actions on intestinal preparations {Aarsen & van Caspel de

Bruyn, 1970; Elliott, Horton & lewis, 1960a; Ohashi, Nonamura &
Ohga, 1967).  Further, Ohashi, Nonamura & Ohga {1967) suggested that
the action of bradykinin on taenia coli wes dependent on the electrical
activity of the membrane at the moment of addition of hradykinin.
Groza, Buzoiamu & St. Ionescu (1967) chserved that the usual inhibition
of gastric acid secretion seen by them with bradykinin could be replaced
by an augmentation of acid secretion by manipulation of the experimental
conditions,

In the pfesent study the stimulatory action of bradykinin exhibited
a clear dose response effect 50 that a greater stimulatory effect was
seen with higher concentrations. However, the relatiouship was less
clear when the inhibitory action of bradykinin was considered. Concen—

0712 and 7.86 x 10713 produced a similar inhibition

of transfer but 7.86 x 1O~11M produced a greater degree of inhibition.

trations of 7.86 x 1

It is possible that the concentrations chosen are towards the lower end
of the dose response curve for the inhibitory effect of btradykinin since
the dose response curves for the stimulatory and inhibitery effects of

bradykinin may not be the same.

It was observed that bradykinin-induced inhibition of water transfer

at high control transfer was present when the peptide was incubated in
either mucosal or serosal solution and it is interesting that furtado
(1971 ) had reported that either mucosal or serosal bradyicinin inhibited
tlie vasopressin-or oxytocin-induced increese in water perm=ability of
toad bladder. On the other hand the stimulatory actioca of bradykinin at
low control transfer was only observed when bradykinin wes present.in the
serosal solution.

Kallikrein is present in large amounts in the gasiroivtesiinal

“ract (Werle & Vogel, 1961; Werle, Vogel & Kzliampetsos, "963) and there

are large amounts of kallikrein in the pancrcas {Kraut, Fres & Werle;1930)

which can reach the gastrointestinal trasi via the pancreatic duct. Thus

trere is large potential kinin-generating symtem which can act on tle

TR TR K A i 5T e S
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gastrointestinal tract and i+ is tempting to speculate that bradykinin

may have a physiological or pathological role to play in the movement of

sodium and water across the gastrointestinal tract.

In patienis with carcinoid tumours, dumping sjndrome and ganglion~

euroma tumours there is frequently nausea, vomiting and diarrhoea and

there have been reports of elevated kallikrein and kinin levels in these
conditions (Cameron, Warner & Szabo, 1967; Mason & Melmon, 1966; Oates,
Melmon, 8joerdsma, Gillespie & Mason, 1964; Stickler, H allenbeck, Flock
& Rosevear, 1962; Werle, Trautschold & Schievelbein, 1946; Zeitlin &
Smith, 1966,1970). It is pressible that bradykinin contributes to the
diarrhoea obéerved in these conditions by contributing to the intestinal
hypermotility observed (Bennett, 1971a; Oates, Melmon, Sjoerdsma,
Gillespie & Mason, 1264; Zeitlin & Smith, 1966, 1970). The results
reported in the present study raise fhe possibility that bradykinin may
also contribute to the observed diarrhoea by an action on sodium and water
transfer across the gastrointestinal tract. Singleton (1969) suggested
that the kinins should be consjidered as candidates for the diarrhoea %&

hormone in such cases. Thus bradykinin may have a role to play in the

physiological and pathological control of gastrointestinal transfer of

electrolytes and water.

i
g
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(b) Effect of the Kidiieys and Adrenal Glands on the Action

"of Bradykinin on Sodium and Water Transfer

These experiments were designed to show if modification of the
renin—angiotensin-aldosterone system or sodium balance affected the action
of Bradykinin on intestinal sodium and water movement. Adrenalectomy and
nephrectomy were performed in order to reduce circulating levels of

aldosterone and renin-angiotensin, respectively. It was shown that tha’

. stimulation of water transfer by bradykinin at low control water transfer

was not affected by previous nephrectomy, adrenalectomy or combined
nephrectomy~adrenalectomy, which would suggest that the presence of a
normally functioning renin-angiotensin-aldosterone system is probably not
necessary for the étimulation of water transfer seen with bradykinin at
low control transfer.

.In addition it was shown in rats drinking 1% saline that bradykinin
was still capablé of stimulating water transfer at low c&ntrol transfer
and in rats on a low sodium diet that bradykinin showed its usual
stimulatory and inhibitory actions at low and high control transfer. It
has been reported that the renin—angiotensin-aldos%erone system is
suppressed in animals drinking saline (Gross, Brunner & Ziegler, 1965) and
activated in animals on a low sodium diet (Singer & Stacke—~Dunne, 1955).

The data from animals on varied sodium intake supports the previous
dala from nephrectomised and adrenalectomised rats and so it is probable
that neither the stimulatory nor the inhibitory action of bradykinin or
water transfer in rat jejunun is dependent on the présence of the adrenal
glands or the kidneys, althougl experimental procedures were not assessed
for their effectiveness by measurement of hormone levels. These findings
are in contrast with those of Gruza, Buzoiami, St. Ionescu & Rosovici (1967)

wno showed that the inhibitica cf gastric secretion produced by bradykinin

iv, Shay rats is abolished by adrenalectomy,
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(c) . Role of Prostaslandins in *he Action of Bradykinin

on Wate S i ] }
later Transfer in Rat Je junum

There is an inoreasing body of eviﬁence suggesting a relation
between prostaglandins and bradykinin in several systems (see Introduction).
It was the purpose of this part of the study to inves<tigate the possible
role of prostaglandins in the inhibitory actionAof bradykinin at high
control water transfer since it has been shown that prosfaglandins
inhibit sodium and water transfer in intestinal preparations (Al-Awqati
& Greenough, 1972; Matuchansky & Bernier, 1973; Pierce, Jarpenter,
Elliott, & Greenough, 1971). It has been suggested that cholera-induced
diarrhoea (Becquerel, 1849) may involve prostagiandins (Bemnett, 1971b;
Finck & Katz, 1972; Gots, Formal & Gianellas, 1374; Jacoby & Marshall,
1972; Vaisrub, 1972) although there are contrary repor..s (Bourne, 1973;
Cuatrecasas, 1973; Kimberg, Field, Gershon & Henderson, 1974; Kimberg,
Field, Johnson, Henderson & Gershon, 1971; Sharp & Hynie, 1971).

The non steroidal antinflammatory agent meclotenamic acid which has
been shown to be a potent inhibitor of prostaglandin synthesis (Flower,
Gryglewski, Herbaczynska~Cedro & Vane, 1972) was used iﬁ this study
rather than the more commonly used indomethacin since indomethacin has
been reported to affect phosphodiesterase aﬁd hence cyclic AMP levels
(Flores & Sharp, 1972) and so is less suitable for separating the
involvement of prostaglandins and cyclic AMP in various actions (Flower,
1974). | |

It was showh that meclofenamic acid, 6.8PM, caused an abolition
cf the inhibitory action of bradykinin at high control #transfer in rat
jejunum and it is interesting that at intermediate conirol water transfer
where neither bradykinin nor meclofenamic acid alone had any effect on
water transfer, the éombination of the two agents signifTicantly stimulated
tranSfer, Since Vane & Ferreira (1975) suggested that antagonism of a
»rarmacological action by low concentratinons of agents such as weclofenamic

rcid indicates prostaglandin involvement in that action it was ccnsidered

4y
L
RN
‘F!



f
|

- T T

104

that prostaglandins may have a role to play in the inhibitory action of
bradykinin seen at high controel transfer. The appearance of a
stimulation gf transfer at intermediate control transfer in the presence
of bradykinin and meclofénamic acid suggests that at this level of
transfer the stimulatory and inhibitory actions of bradykinin normally
cancel each other and that when one of these opposing actions is
removed the other is evident. It is also likely that the stimulatory .
action of bradjkinin does not involve prostaglandins.

The possible involvement of prostaglandins in the inhibitory
action of bradykinin was further tested by studying the actions of PGE1,

PGA1 and PGF2d « At high and intermediate transfer PGE1 inhibited

- water transfer as previously reported (Al-Awgati & Greenough, 1972) and

in combination with bradykinin inhibited water transfer to a significantly
greater degree than seen with either agent alone. The increased
inhibition of‘water transfer was somewhat less than the combined degrezs
of inhibition of both agents sepParately suggesting that there had been § 
en additive effect and that a maximum degree of inhibition had been
reached. At intermediate control transfer bradykinin and PGE1 inhibited

transfer significantly more than either agent alone, an effect which was

clearly not additive, whereas at low control transfer the stimulatory A

.
i

action of bradykinin was abolished in the presence of PGE1 which itself
had no effect. Thus it would appear that bradykinin and PGE1 had
synergistic effects on inhibition of water transfer by rat je junum.

PGA, inhibited significantly water transfer at high and intermediate

1
control water transfer. In the presence of bradykinin and PGA1 there was

a significantly greater inhibition of water transfer at both high and
intermediate control transfer which at high control transfer was less
than the combined degrees of irhibition suggesting a maximum degree of
iphibition and at intermediate levels was much greater than the combined
offents of bradykinin ans DMA,. At low control transfer bradykinin -

induced stimulation of weier *ransfer was abolished in the presence of
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FGA, Thus again it would appear that the inhibitions of water twansfer

seen with bradykinmand PGA1 were synergistic.

: ' PGFZu inhibited significantly water transfer at high and inten-
mediate control levels of transfer. The é¢ombination of bradykinin and
PGFZd_inhibited water transfer at high control transfer to the same

degree as PGIF alone, perhaps suggesting a common mechanism, while at

2ot
intermediate control transfer the +wo agents inhibited transfer to a
significantly greater degree than either agent alone. Bradykinin-

induced stimulation at low control transfer was converted in the presence

of PGan_into a significant inhibition of water transfer. It can be

seen that there was a synergistic effect of bradykinin and PGqu‘on

inhibition of water transfer.

Thus in summary it has been shown that meclofenamic acid, an
inhibitor of prostaglandin synthesis, abolished the inhibitory action

of bradykinin at high control transfer and caused the appearance of a

| stimulation of transfer at intermediate control transfer. It has alszc § 
been reported that bradykinin and sevefal prostaglandins appeared to ;[
lave synergistic effects on the inhibition of water transfer. |

The reported phenomena can be explained by considering that brady-

kinin inhibits water transfer at high control transfer by elaboration A

of prostaglandins and that bradykinin-induced stimulation at low coatrol

RS 2 liad A i B

transfer occurs by some other mechanism not involving prostaglandins.

The lack of observable effect at intermediate control transfer by brady—-

kinin is thought to be due t~ a cancelling out of these stimulgtory and
~ inhibitory effects. Procedures which affect the stimulatory or inhibitory b
mechanisms could shift the point of net cancellation of effects. Thus

; meclofenamic acid is thought tc have removed the inhibitory action of

bradykirin so that a stimulesion of water transfer is seen at intermeniatle

sontrol transfer and addition of prostaglandins is also thought to have

altered the usual balance = caused the stimulatory action of braldykinin

: at low control transfer .o d.sappear and even be replaced by inhibilioin 1a

the case of PGFZDL.'
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+(d) Role of Cyclic AMP in ine Action of Bradylinin

on Water Transfer

There is considerable evidence that cyclic AMP affecis sodium

and waler transfer in the small intestine (Field, 1974; Kimberg, 1974;

~ Scratcherd & Case, 1973), abolishing net sodium absorption and replacing

it with sodium secretion (Field, 1971). It is élso belg?ed that cyclic
AMP is involved in the small intestinal secretion caused by prosta-
glandins (Kimberg, Field, Gershon & Herderson, 1974: Kimberg, Field,

Johnson, Henderson & Gershon, 1971; Pierce, Carpenter, Flliott &

Greenough, 1971; Sharp & Hynie, 1971) and cholera'encerotoxin (Guerrant,
Chen & Sharp, 1972; Kimberg, Field, Gershon & Hendercon, 1974; Kimberg,
Field, Johﬁson, Henderson & Gershon, 1971; Sharp & Hynie, 1971). |

Thus it was considered pertinent to investigate the involvement
of cyclic AMP with the inhibitory action of bradykinin on sodium and
water transfer,

It was shown that theophylline, which prevents breakdown of
cyclic AMP by inhibiting phosphodiesterase (Butcher & Sutherland, 1962),
inhibited water transfer across isolated rat jejumim confirming earlier
reports (Field, Fromm & Silen, 1969; TField, 1971). A clear dose response
effect was seen with theophylline, 10, 1.0 and 0,1 mM. The effect of 1mM
theophylline on the action of bradykinin on water transfer was studied
and it was seen at high control transfer that the combination >f brady-
kinin and theophylline inhibited water transfer_significantly more than
either agent aloné, although the degree of inhibition was less than the
sum of the inhibitions seen with bradykinin and theophylliwue separately,
perhaps suggesting a common mechanism. A% intermediate control transfer
bredykinin and theophyllinevinhibited water transfer gignificaqcily more
than either agent separately and the degree of inhibtitior was grealap
than the sum of fhe effects of both agonts. Bradykinin-inauced

stsmilation at low control water transler was comverted to a sigriricant

inhibition of water transfer by theophylline which had no effect iwself.
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Therefore it has been shown that theophylline enhanced the inhibitson
of water transfer caused by bradykinin at high levels of control water
transfer. Raising intraccllular cyclic AMP levels with theophylline is

thought to have caused an imbalance in the opposing stimulatory and

“inhibitory effects of bradykinin so that inhibitions of water transfer

were seen with bradykinin in the presence of theophylline at low and
intermediate levels of control transfér.

As a result of this interesting synergism between the inhibiicry
actions on water transfer of bradykinin and theophylline it was decided
to study the effects of cyclic AMP and dibutyryl cyclic AMP on water
transfér and on the action of bradykinin on water transfer. Cyclic AliP,
1mM, inhibited water itransfer at high control tranSfer, confirming earlier
re ports (Field, 19713 1974) but dibutyryl cyclic AMP significantiy
inhibited water transfer at all levels of control water transfer., This
was presumably due to the dibutyryl derivative having greater ability o
penetrate membranes and to resist degradation by phosphodiesterase
(Posternak, Sutherland & Henion, 1962).- At high control water transfer
bradykinin and db cyclic AMP together produced an inhibition of water
transfer which was approximately equal to the arithmetic sum of the
inhibitory effects of both agents separately. However at intermediate
control transfer there was an inhibition of water transfer which was
significantly greater than that seen with both agents separately while at
low control transfer the usual stimulatory action of bradykinin was
replaced by an inhibition of water transfer in the pfesence of db cyclic
AMP, Thus db cyclic AMP which itself inhibited water transfer was capable
of potentiating bradykininQinduced inhibition of water transfer.

These findings with theophylline and db cyclic AMP suggest an

involvement of cyclic AMP in *he inhibitory action of bradykinin since ihis

inhibitory effect is enhanced in situations where cyclic AMP levels are

clevated., However these exporiments give little indication of the 2Facy

nature of the stimulatory cction of bradykinin.
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It has been suggested that cyclic AMP might mediate bradykinin-

induced stimulation of mitotic activity and DNA synthesis in rat thymocytes
(Whitfield, MacMams & Gillan, 1970) and bradykinin-induced inhibition of
catalase activity in mouse liver and kidney (Hokama & Yanagihara, 1971)
and it has been reported that bradykinin elevated cyclic AMP levels in
fibroblast tissue cultures (Schonhofer, Peters, Karzel, Dinnendahl &
Westhofen, 1974) and in guinea pig lung (Stoner, Manganiello & Vaughaui.
1973). In the latter case the cyclic AMP-elevating action of bradykinin
was enhanced by én inhibitor of kininase enzyme, BPP5a’ and abolished by
indomethacin., However Schwartz, Kimberg, Sheerin, Field & Said (1974)

did not observe any effeci of bradykinin on cyclic AMP levels in rabbit

ileal mucosa after a six mirute exposure.




(e) Summary of Discussion of Sodium and Water Transfer
Results

It has been shown that bradykinin stimulated sodium and water
transfer in rat jejunmum at low control water tranéfer and inhibited sodiwm
and water transfer at high control water transfer. The stimulatory action
was only observed when bradykinin was present in the serosal solutiorn
whereas the inhibitory action vas observed when bradykinin was in either
mucosal or serosal solution,

The stimulatory action of bradykinin was shown to be unaffected
by procedures which were designed to alter the activity of the renin-
engiotensin—-aldosterone system such as nephrectomy, adrenalectomy, sodium
loading and sodium restriction and the inhibitory action was not affected
by sodium restriction., Thus it would appear that the observed actions of
bradykinin are not dependent on the activity of the renin-angiotensin—
aldosterone system. |

Bradykinin-induced inhibition of water transfer was abolishzi by
meclofenamic acid, an inhibitor of pros%aglandin synthetase (Flower, 1974)
and augmented by prostaglandins E1, A1 and an‘suggesting involverent of
prostaglandins in this action. The inhibitory action of bradykinin on
water transfer was enhanced by theophylline, an inhibitor of phosphodiex~
terase (Butcher & Sutherland, 1962) and dibutyryl cyclic AMP.

Thus it is considered that the inhibitory action of bradykinin
on water.transfer involves activation by bradykinin of prostaglandins
which 1in turn increase adenyl cyclase activity to pr5duce cyciic AMP,
There is much evidence to suggest that prostaglandins and cyclic AMP are
involved in sodium and water movement in the intestine (see Intpoduction).

Little information hus Heen obtained regarding the stimulatory
action of bradykinin at low control transfer although it does appear tc
te unaffected by the renin— angiotensin-aldosterone system and is oniy
cent on the serosal surface of the gui. IT.

onserved when bradykin is pro

would appear possible that *ue stimulatogjaot?on of bradykinin could be

explained by at leas® three Mc NI, Thus it is possible that
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bradykinin could stimulate Na~K-ATPasc, inhibit adenyl cyclase directly

or stimulate phosphodiesterase. Thesz possibilities as well as thé

presumed mechanism of bradykinin-induced inhibiiion of weter transfer ape

illustrated diagramatically belows—

Mucosa Serosa

AMP

/ [ Adeny! |
- PpE // cyc'cse
c AMP

Pros'raglcmdinsi;“'

All three possible mechanisms would tend to incrcuse sodium
absorption., It is interesting that bradyldnin has bsern reported to increase
ra’t kidney Na~K-ATPase activity (Chernukh, Yarovaya & 3lebov, lQ’S) but it
is premature at this stage to attempt to indicare which cf the possible
mechanisms of stimulation of water transfer is . moglk likely. 1Indeed

some other mechanism may be operative.




3. CONTRACTILEG ACTION OF BRADYKTNIN ON RAT TERMINAL ILEGM

The previous experiments were concerned with sodjwn and water

transfer in rat jejunum and suggested an- involvement of
cyclic AMP systems in the action of bradyrkinin on water
it is difficult.to perform adequate controls using this
decided to extend the study to include an investigation
action of bradykinin on rat terminal ileum, wnich gives
able and dose-related responses to bradykinin.

In these experiments acetylcholirs was uszed as

the prostaglandine
transfer. However
system ana it was
of the contractile

regular, repeat—

a sontrol agonist

‘gince its contractile action is thought to be the result of an increase

in passive permeability of smooth muscle to sodium ions

to potassium ions (Bulbring & Szursweski, 1974).

(Bolton, 1972) and

T, el 1
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(a) Contribution of Nerves to Contractile Action

of Bradykinin

Khairallah & Page (1961; 1963) who showed that bradykinin-induced
contractions of guinea pig ileum and rat uferus were not affected by
atrépine, neostigmine or ganglion blocking drugs concluded that the
contractile action of bradykinin was not mediated via cholinergic nervss,
Supporting evidence for this idea was obtained by Day & Vane (1963), and
Gershon (1967) although Wiegershausen, Stopp & Eichstadt (1964) observed

. . o ) og guinea oy wbeahine
that bradykinin-induced contractionsx?ere inhibited by atropine and

potentiated by eserine,

In the present study it was clearly shown that acetylcholine
induced contractions were abolished by hyoscine while those of brady--
kinin were only slightly affected., The effect of hyoscine on the responses
to acetylcholine was progressive which was not the case for the small
effect on bradykinin responses. It seemed that the small effect of hyoscine
on responses to bradykinin might be due to some mechanism other than
blockade of muscarinic receptors on rat terminal ileu, Thus the present
results support the view that cholinergic nerves are not involved in the

contractile action of bradykinin on rat terminal ileum.
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(b) Metabolic Requirements for the Contractile Action

of Bradykinin cn Rat Terminal Tleum

In this part of ﬁhe"study the metabolic requirement for the
contractile action of bradykinin was compared witﬁ that of acetylchoiine,
Since acetylcholine induced contractions are thought to be due to a
passive increase in sodium ion permeability of smooth muscle (Bolton, 1972;
Bulbring & Szursweski, 1974) the metabolic requirement for acetylcholine—
induced contractions should just be that of the contractile apparatus
itself. However the metabolic requirement of an agonist which increased
the activity of one or more intermediate substances before inducing
contraction would be greater than that for acetylcholine and thus would be
more susceptible to metabolic inhibition. This has been demonstrated for
angiotensin.by Crocker & Wilson (1974; 1975). Thus if bradykinin-induced
contractions were affected more by metabolic inhibition than those of
acetylcholine then this might be interpreted as evidence that an actiwve
initial interaction was involved in the contractile response to bradywinit.

The effect of removing oxygen from in vitro smooth muscle
vreparatiors has been investigated extensively (Coe, Detar & Bohr, 1968;
Furchgott & Shorr, 1948; Prasad, 1935a,b) and the reduction in
spontaneous and induced mechanical activity has been attributed to an
impairment of energy processes within the muscle, Therefore the effect

of anoxia was investigated on the contractile actions of acetylcholine

~and bradykinin.

Replacement of oxygen by nitrogen caused a Qapid, progressive
impairment of the contractions induced by bradykinin while having relatively
1ittle effect on those of acetylcholine. Since glucose was present during
the period of anoxia it secemed tliat although some energy would still be
generated by anaerobic glycolysis the reduction of bradykinin responses
suggested that aerobic metabolism was necessary to produce sufficient

energy to support the bredykirdin response, This is supported by the

- . hat 204 - dini ich uncouples c¢vidative
preliminary observation that 2,4 - dinitrophenol, whic up

s e
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phosphorylation in isolated preparations (Rangachari, Paton & Daniell,

1972), inhibits bradykinin-induced contractions of rat terminal ileum

R T A TR

significantly more than those of acetylcholine,

Since both the synthesis of prostaglandiné has been shown to

be dependent upon the presence of molecular oxygen (Samuelsson, Grans trom

& Hamberg, 1967; Nugteren, Beerthuis & van Dorp,. 1967) and the
contractile action of prostaglandins upon isolated smooth muscle is
dependent upon oxygen (Coceani & Wolfe, 1966) it is possible that the
demonstration that bradykinin-induced responses of rat terminal ileum are

; energy-dependent might be a reflection of prostaglandin involvement in

those responses,
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(¢) Role of Cyclic AMP in the Contractile Response of
Rat Terminal Tlewm to Bradykinin

R sl

Cyclic AMP would appear to play a role in smooth muscle coniraciion
and relaxatlon (Andersson, 1972 Bar, 1974) Relaxation of smooth muscle
Las been associated with increased intracellular cyclic AMP levels
(Andersson, 1972; McFarlund, Guyton & Pfaffman, 1971) and it has beeu
suggested that catecholamines 1elax smooth muscle by this mechanism
(Andersson, 1972; Sutherland & Robison, 1966). However contraction of
smooth muscle has not been consistently associated with decreased intre~
cellular cyclic AMP (Andersson, 1972).

; ' In this study theophylline, which is known to inhibit

phosphodiesterase (Butcher & Sutherland, 1962) and to potentiate actions

of drugs which are mediated by cyclic AMP (Robison, Butcher & Sutherland,
1971), was used to assess the role of cyclic AMP in the contractile
action of bradykinin, Theophylline, 1mM, markedly reduced the confractile

action of bradykinin whereas acetylcholine-induced contractions of ru:

|
'Z

terminal ileum were only partially reduced. This preferential reduction

WP A a2 O SLERLELE £2:A5 iSRS

of bradykinin responses by theophylline might suggest that cyclic AMP

may in some way modulate the contractile action of bradykinin.

Theoretically bradykinin-induced contractions ought to be associated with A

Gecreased cyclic AMP concentrations since theophylline both inhibite

=l TN

phosphodiesterase and reduces bradykinin responses. However it would be
premature to speculate too strongly on the role of cyclic AMP in the

contractile action of bradylkisin until further experiments have been

performed.
Theophylline, 10mM, caused - * abolition of both acetylcholine—

and bradykinin-induced contractions of rat terminal ileum, suggesting

either that theophylline was raving unspecific effects unrelated to
iosphodiesterase inhibition < +hat increased intracellular cyclic ANF

was cansing a non specific L. iiition of all contractile responses,

probably through a reducti<n Ir intracellular calcium levels.,
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(4) Role of~Prosta¢1

andins in the Contractile Action

of Bradykiaia on Rat Terminal Ileum

In these experiments the role of prostaglandins in the brady-—

klpln—lnduced contractions of rat terminal ileum was investigated by

using a series of prostaglandin synthetase inhibitors and prostaglandin

receptor blocking drugs.

(1) Prostaslandin Synthetase Tnhibitops

Four prostaglandin synthetase inhibitors were used in this
part of the study, namely aspirin, indomethacin, meclofenamic acid and
flufenamic acid.. A loss of smooth muscle tone was observed in most
preparations of rat terminal ileum exposed to these agents supporting
the view that prostaglandins may contribute to the maintenance of
intestinal smooth muscle tone (Bennett & Posner, 1971; Bennett, Eley &
Stockley, 1975; B§tting & Saltzman, 1974; Davison, Ramwell & Willic,
1972; Eckenfels & Vane, 1972; Fbrreira, Herman & Vane, 1972).

It was shown that aspirin in a concentration of 610pM, which has
been reported to inhibit the release of prostaglandins from pregnant
rat uterus (Aiken, 1972), markedly reduced the contractile ability of
bradykinin while responses to acetylcholine and PGE2 were not affected,
There was a slow recovery of responses to bradykinin after removal of
asypirin so that they feturned to normal after about 90 minutes. It would
seem unlikely that aspirin is acting here by inhibition of the energy
supply, as suggested by Whitehouse (1962;1964;1965), since prostaglandin
responses, which are reported tc be energy-dependent in other smooth
muscle tissues (Coceani & Wolfe, 1966)-were unaffected.

Indomethacin, 2'8PM' partially reduced bradykinin-induced
contractions while not affeciing those of acetylcholine, and the recovery
o7 trady'dnin responses was gradual over a period of 50 mimutes,
Indomethacin, 28'OPM’ marksd.v and progressively inhibited the conirzaciile

responscs to bradykinin while Those to acetylcholine were unaffected xd

L et
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those to FGE, were slightly reduced although not as much as those *o

bradykinin. There would seem +o be two different actions of indomethacin

operating since on its removal the partial reduction of FGE,, responses

was immediately reversed while the reduction of bfadykinin-induced

wasg

responses alow to recover, reaching normal values after 90 mimites.

The slight non specific action of indomethacin on PGE2 induced responses
may be related to an action on energy supply (Whitehquse, 1962;1964;1965)
or calcium movement (Northover, 1972;1973).

Meclofenamic acid, 3’4PM’ drastically reduced the contractile
responses to bradykinin while having only a slight inhibitory effect on
responses 1o PGE2 and PGsz' and a slight potentiation of acetylcholine-
induced responses. There were distinct differences between the effecis
of meclofenamic acid, 3'4PM’ on bradykinin and prostaglandin responses.
Inhibition of bradykinin was progressive while that of PG responses was not

and on removal of meclofenamic acid the responses to PGE, and PGF,

2

rapidly returned to normal while the responses to bradykinin recovered

e~

slowly. Thus it would appear that two mechanisms are operating in the
above situation.

Meclofenamic acid, 17.0pM, inhibited responses to bradykinin to

a greater extent that 3'4PM although PGE2, PGsz.and acetylcholine wer=
also significantly affected. It was noticeable that on removal of
mecleofenamic acid responses to acetylcholine, PGE2 and PGF2°L recovered
rapidly while those to bradykinin recovered only slowly. The non speciiic
impairment of acetylcholine =sponses suggests an interference with the
contractile process at higher concentrations of meclofenamic acid.
Responses to PGs were more affected than acetylcholine and it is relevant
that Collier & Sweatman (1968) reported direct antagonism of prostagiandin
receptors by the fenamates.

Flufenamic acid, 3’55PM’ drastically reduced responses to brady-
kinin while not affecting thcse to PGE2 or acetylcholing and partially

reducing those to PGFZoL . Reinoval of flufenamic acid produced a vury
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siow and partial recaovery of bradykinin responses but a quicker recovery

of PGFZ«. .

Thus it has been‘snown that four different prostaglandin synthetase

iﬁhibitors, aspirin, indomethacin, meclofenamic acid and flufenamic acid,
inhibited the contractile responses of rat terminal ileum to bradykininr.
It has been reported elsewhere that aspirin (Collier & Shorley, 1960;
Malone & Trottier, 1973) and phenylbutazone (Malone & Trottier, 1973) -
did not specifically antagonise bradykinin-induced responses of guinea
pig ileum but that flufenamic acid (10—3QuM) exhibited both competitive
and non competitive inhibition and indomethacin (1OQpM) exhibited necn
competitive inhibition of bradykinin induced contractions of rat uterus
(Malone & Trottier, 1973). Ia this study the concentrations of these
agents used were similar to those used previously in comparable
situations and which were observed to diminish prostaglandin synthesis

and were lower than those reported to affect other enzymes (see Flower,

1974 for references). It is likely that the drugs used were acting

]
!

fairly specifically on prostaglandin synthetase since for example
indomethacin was reported to affect oxidative phosphorylation (Whitehouse

& Haslam, 1962) and calcium movements (Northover, 1972;1973) only at

concentrations of 250pM and 300-600pM respectively. 4
The' smooth muscle actions of PGE2 and PGFéaL were reduced by 1
meclofenamic acid and flufenamic acid as reported by Collier & Sweatman
(1968), although this effect only became marked at a concentration of
17.OPM meclofenamic acid. 1%t is interesting that fGFboc was more
affected than PGE2 by flufenamic acid and this may possibly indicate the
presence of more than one type of receptor for prostaglandins.on the

Toueitudinal smooth muscie of ren terminal ileum. This possibility will
e

‘be discussed later when cons.tering the action of prostaglandin receptor

tlocking agents. The reduetions of bradykinin and the prostaglandins

. RTINS s ol ies f
was probably through differswns pechanisms since the recoveries o

responses to bradykinin and prostaglandins were markedly different.
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Prostaglandins recovered rapidly after removal of flufenamic acid and

meclofenamic acid while bradykinin recovered slowly., This would tend

to support the view that inhibition of bradykinin responses was duc to

synthetase inhibition since prostaglandinAsynthefase.inhibition by
antiinflammatory drugs is not quickly reversible (Flower, 1974).

It is the view of Vane & Ferreira (1975) that inhibition of a
pharmacological action by low concentrations of aspirin-like drugs, as
demonstrated hefe, is indicstive of prostaglandin involvement in that
pharmacological action. It is therefore considered that prostaglandins
may be involved in the contractile action of bradykinin on.the longituainal

wscle of rat terminal ileum.

(ii) Prostaglandin Receptor Antagonists

Several prostaglandin receptor antagonists have become avail=-
able in recent years and the actions of these substances have been
extensively reviewed (Bennett, 19743 Eakiné & Sanner, 1972; Sanner, 1574).
Polyphloretin phosphate (PPP),_which is a mixture of polyanioumic
polyesters of phosphoric acid and phloretin (Diczfalusy, Ferno, Fex, Hogberg,
Lirderot & Rosenberg, 1953), was found to inhibit markedly contractile
reSponses'of longitudinal muscle of rat terminal ileum to'PGng_ while
reducing the responses to bradykinin and PGE2 to a lesser degree and
those to acetylcholine not at all. It has been shown previously that PPP
did not antagonise the ac;tion of bradykinin on jird colon (Eakins, Karim

& Miller, 1970; Eakins, Miller & Karim, 1971) but @id on rat uterus

(Barabe, Park & Regoli, 1975). However the effect of PPP on the contractile

action of bradykinin on intestinal smooth muscle has not been studied

extensively. PPP has beer observed to inhibit the contractile action

of prostaglandins E & F on longitudinal smooth muscle of jird colon ani

rabbit Jejurmm (Eakins, Karim & Miller, 1970)y guinea pig colon (Bermett

& Posner, 1971), rat colon {Gagnon & Sirois, 1972; Somova, 1973), chick

‘ 371)
rectun (% omova, 1973), hnman stomach and colon (Benmett & Posner, 1971;.

and human foetal inteztive (Ro=t, 1974).

e,
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PPP has been observed to reduce responses of guinea pig iloum

t0 nicotine, electrical stimulation and acetylcholine to varying degrees

(Bermett, Eley & Stockley, 1973) suggesting that PPP might block nicotise
of”

receptors tlerve conduction. It is unlikely that the inhibition of

bradykinin-induced responses was a result of such an action since it was
shown éarlier that bradykinin responses in rat terminal ileum do nct
appear to be mediated through cholinergic nerves.

It is ihteresting that responses to PGonL were inhibited
significaﬁtly more by PPP than those of PGEz . oSimilar observations have
-been reported for jird colon (Eakins, Karim & Miller, 1970), rat stonach

(Collier 1973)'and rat colon (Gagnon & Sirois, 1972; Somova, 1973) bat

| not in rabbit jejunum and uterus (Eakins, Karim & Millier, 1970), guinea
pig colon (Bennett & Posrner, 1971), guinea pig ileum (Bennett, Charlier
& Szechter, 1973); human stomach and colon (Benngtt & Posner, 1971) or
hﬁman foetal intestine (Hart, 1974). Differential inhibition of prusta—
glandin responses by PPP suggests the presence of more than one type of
receptor on longiiudinal smooth muscle of rat terminal ileum.

Eakins (1971) used a gel filtration method to fractionate PPP
and found that the most active PG antagonist activity was recovered from
the low molecular weight fractions. Eakins, Fex, Fredholm, Hogberg &
Veige (1973) found that the dimer di-4-phloretin phosphate (DPP) was a
more potent and selective antagonist of PGFZOL on jird colon compared
with PPP. 1In the present study DPP did not alter responses to acetyl~
choline but responses to PGFEOL were very strongly inhibited. Responseas
to bradykinin and PGE, were reduced equally by DPP but to a lesser
degree than PGqu. . The inhibition of responses to bradykinin by DPP
' ‘s in contrast to the report of Eakins, Fex, Fredholm, Hogberg & Veige

(1973) on jird colon altaougsh consistent with those reported above for

PPP,

As with PPP resporses %o RSFZOL were more strongly affected by

DPP than those to'PGEz. Takins, Fex, Fredholm, Hogberg & Veige CEEY

only studied the i»hibitosy orticn of D?P on PGF, while Bermett,

—tom.
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Charlier & Szechier (1915). observed antagonism of PGEZ- and. PGP ' 1
- 2e

although no details are available for this study. Unfortunately, iiere

are few reports of the action gf DPP on contractile responses of isolated

smooth muscle preparations which is perhaps somewhat surprising in 1ight
of 1ts reportedly greater potency and selectivity than PPP (Eakins, Fex,
Fredholm, Hogberg & Veige, 1973). In the present study DPP was almost
teg times more potent than PPP, The inhibition of responses to brady—
Knin and PGEzvin the presence of DPP were almost identical, the only |
difference being at the lowest concentration of DPP.

SC 19220, a derivative of a series of dibenzoxazepine compornds
Synthesised by Coyne & Cusic (1968), was first shown to antagonise
prostaglandins by Sanner (1969). In the present study SC 19220 was shown
to inhibit the responses of rat terminal ileum to both bradykinin and
PGEZ, the effect being very marked at the highest concentrations of
SC 19220. The degree of inhibition of both theée agonists was very
similar at all concentrations of SC 19220 and were greater than that
observed for acetylcholine and PGFZN_.' The present observations are in
contrast with those of Sanner (1969, 1972) who reported that bradykinin-
induced responses of guinea pig ileum were not affected by SC 19220,

SC 19220 has been reported to antagonise PGE2 and PGF equally

20
in guinea pig ileum (Bennett & Posner, 1971; Sanner, 1969;1972) and rat

stomach (Bemmett & Posner, 1971; Splawinski, Nies, Sweetman & Oates,
1973) but on jird colon FGE, and PGE2 were reported to be more sensitive
to block by SC 19220 than FﬂF1d_and PGFZoc (Eakins -& Miller, 1970).  The
present findings would suggest that there are separate prostaglandin

receptors‘for PGE2 and PGFZU and is consistent with findings reported

above with PPP and DPP.

T oxa~13—proétynoic acid. (7 OPA) was seen to reduce the responses

of rat terminal ileum to accylcholine, bradykinin and FGEQ. The non

specific depressant action of 7 OPA has been reported previously (zermett,

& Pos.ier, 1971; Fhrenpreis, Greenberg & Belman, 1973; Flack, 1970)

Y e,
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although selective inhibition of responses to PGE and PGF has been

cbserved on jird colon (Fried, Santhama Krishnan, Himizu, ldin, Ford,
Rubin & Grigas, 1969) and rat colon ard chyck rectun (Somova, 1973).
Thus there would appear té be some doubt about the specificity of 7 OPA
as a prostaglandin receptor antagonist and its usefulress as such would
appear limited,

In summary it has been shown thet the contractilé action of
bradykinin on longitudinal smooth muscle of rat teiminal ileum was
antagonised by three prostaglandin receptor antagonists, namely PPP,

DPP and SC 19220 while having little or no effect on the contractile
ability of the smooth muscle, as indicated by the lack of effect on
responses to acetylcholine, Responses to PGFQM'and PGE2 were affected
differently by these compounds which suggests that there may be separate
receptors for each prostaglandin. Furthermore the inhidhition of responses

to PGE, by PPP, DPP and SC 19220'was very similar to that for bradykinin.

2

These findings support the previous observations with prostaglandin

Ll Sotlapa

synthetase inhibitors and are consistent with the view that prostaglandins

g
2
d

may be involved in the contractile action of bradylinia on rat terminal

ileum., TFurthermore the similarity between the effects of PPP, DPP and
SC 19220 on responses to bradykinin and PGE2 suggest that a prostaglandin

of the E series is the most likely caniidate for such a role,

;
i

o dam




lends support to the

(e) Release of Prostaglandin-

Terminal Ileum

like Substance from Rat

Bradykinin has been shown to incfease the releasc of prosta~

glandins from a rumber of tissues (see Introauction).

(i) Prostaslandin Bioassay
It was séen that there was a basal release from rat terminal
ileum of a substance which contracted rat stsmach strip and that this was
increased by bradykinin in the presence of the peptide SQ 20881, which
has been shown to inhibit kininase (Greene, Camarge, Kricger, Stewart &

Ferreira, 1972). Inclusion of hyoscine, mepyramine, nethysergide,

- propranolol and phentolamine in the Tyrode solution surrounding the assay

tissue served to exclude the possibility that the smooth muscle
contracting substance released by bradykirir could have teen acetylcholine,
histamine, 5-HT, adrenaline or noradrenaline, Indomethacin was also
included to increase the sensitivity of the assay tissue to prostaglandins

(Eckenfels & Vane, 1972).

Co i

It was also noted that the characteristics of smooth muscle
stimulation by the released substance was diffeveni from that usually
observed with acetylcholiné and histamine, being slower in action. The
contracting substance waé unlikely to be bradykinin since there was no
detectable extraction of bradykinin from solutions stronger than those
encountered in the organ bath.

The observation that release of tmooth-muscle-contracting substance
from rat terminal ileum was significantly reduced by aspirin, indomethacin,
meclofenamic acid and flufenamic acid at conrsentrations used previously
jdea that the smooth-muscle -coriracting substance
- Since the mrevious :>xperimenté

might be a prostaglandin-like substance.

suggested a similarity between the’ action of bredykinin and FGE, o rat

. O
. s s i a i 523G :‘.‘ ST
terminal ileum the prostaglandin-like material wus b#?sJag G again

standard PGEZ.
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(11) Characterisation of the Released |
Prostaslandin-like Substance

It was shown tkat the acidic ether extract of organ bath fluid
which contained prostaglandin-like material produced three spots when

ch?omatographed on silica gel plates, The observation that incubation

of the tissue with indomethacin caused the disappearance of two of the

spots suggested that these two spots may have been prostaglandin-like
material. However neither of these spots showed similar chromatographic
activity to standard PGE1, PGE2, P(}anc or PGA1. Thus it was decided

investigate if the prostaglandin-like material wes a pharmacologically

s
O

active metabolite of the primery prostaglandins. It has been reported
that the gastrointestinal tract may be an important site of prosta~
glandin metabolism (K;nze, 1970; Pace-Asciak, Morawska & Wolfe, 1970;
Parkinson & Schneider, 1969). Since it is known that 15-keto—PGE2 is
pharmacologically active on gastrointestinal preparations (Anggard, 1966:

Anggard & Samuelsson, 1966; Crutchley & Piper, 1975) and that the

v dem

intestine contains prostaglandin dehydrogenase enzyme (Anggard, Larsscn
& Samuelsson, 1971) which is the principal metabolising enzyme for
prostaglandins (Samuelsson, 1970), the chromatographic activity of this
subétance was studied. 15—keto—PGE2 showed a similar Rf value to the
most prominent spot in the ether extract.

Thus it is considered that the substance responsible for
prostaglandin-like activity in the extract of organ bath fluid might be

tentatively identified as 15-keto-PGZ,. If this were so it might exglain

| thé relatively low ievels of prostaglandin-like substance released into

the OTean bath fluid when compared with similar studies elsewhere

(Ferreira, Herman & Vane, 1972) since 15-keto -FGE, is reported to be

" . Lo [
about one tenth as active As PGEZ (Anggard, 1966; .Anggard & Samuelsswn,

1966; Crutchley & Pipery 1575).
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The kallikrein-kinin system has bcer imvlicated in the control
of sodium and water houcostasis (Adetuyibi & Mills, 1972; Marin Grez,

ottone & . . ,
Cottone & Carretero, 1972)., This system has been showr to ocour in

the kidney and urine (Kravt, Frey & Werle, 1930; TNusted, 1970a,b), to
produce diuresis and natriuresis (Barraclough & Mills, 1965) and to be
correlated with sodium and water excretion (Adetuyibi & Miils, 1972;
Marin Grez, Cottone & Carretero, 1972). iouever the mechanism by which.
the kallikrein~kinin system produces iis natriuve*ic response has not
been clarified although it would appear that bradykinia could affect
renal haemodynamics (¥Willis, Lﬁdens, Hook & Williamson, 1969), or have
a direct action on tubular reabsofption of sodium (Alzamcra & Capelo,

1973) or have both effects. It was the purpose of the first part of

ST AR T T e

this'study to investigate if bradykinin could affect *transepithelial
transfer of sodium and water in an in vitro preparation where haemo-
dynamic factors were eliminated.

Tt was observed that bradykinin could have an effect on sodium
and water transfer in rat jejumum which was dependent on the initial
control 1eve1»of water transfer. Thus when control water transfer was
high bradykinin caused an inhibition of water transfer whereas when
control transfer was low bradykinin stimulated transfer. An attempt
was made to identify the mechanism operating in the inhibitory cction

of bradykinin on water transfer since this is the action which might

explain the renal action of bradylkinin.

It was decided to jnvestigate the involvement of uprostaglandins,

which have been shown to inhibit sodium 2nd water abscrption in mammalian

intestine (Al-Awgati & Greenough, 1972; Kinmberg, Field, Johnsorn,

Herderson & Gershon, 1971; Pierceé, Carpenter, Elliott & Greenougl, 1971),

sp the inhibitory action of bradykiniis Meclofrnemic acid abolished this

action of bradykinin, suggesting proc 5ag.andin involvcment. 0w taglandins

ignifi 11 ater degree of inhibition of
Asy By and de_produced a significanily gre gr
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water transfer when in combihation with bradykinin than when either agent

was used alone, again suzgesting a possible relationship between the two
substances,
Prostaglandins increase intestinal‘adenyl'cyclase activity

(Kimberg, Field, Johnson, Henderson & Gershon, 1974) and hence cyclic
AMP which is known to inhibit intestinal transfer of sodium and water
(Field, 1974; Kimberg, 1974). It was considered pertinent to investigate
the involvement of cyclic AMP in the action of bradykinin on water
transfer, The inhibitory action of bradykinin was potentiated by
theophylline and dibutyryl cyclic AMP,

| Therefore it was thought that the inhibitory action of bradykinin
might involve both prostaglandins and cyclic AMP, Insufficient data is
available to suggest a mechanism for the stimulatory action of 5radykinin
although some possibilities are considered above.

As an extension of the study it was decided to investigate tze

possible involvement of the prostaglandin-cyclic AMP systems in the

Lviem

contractile action of bradykinin on rat terminal ileum. The contractile
action of bradykinin was shown to be independent of parasympathetic

nerves as shown préviously (Day & Vane, 1963; KXhairallah & Page, 1961,

P

1963) but to be oxygen-dependent, which although not conclusive is at
least consistent with prostaglandin involvement since prostaglandin
synthesis is oxygen-dependent (Nugteren, Beerthuis & van Dorp, 1967;

Samuelsson, Granstrom & Hamberg, 1967).

The contractile action was markedly reduced by four different

prostaglandin synthetase jphititors, namely aspirin, indomethacin,

meclofenamic acid and flufenamic acid while responses to acetylcholine,

G, and PGF2oLwere either not affected or less affected than bradykinin.

. N g + d X
Four prostaglandin re septor antagonists were used, namely,

polyphloretin\phosphate, diphloretin phosphate, SC 19220 and 7 oxa~1: =

3 I i i ad ld.ni Ne
prostynoic acid, to clarify the contractile action of brady
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PPP, DPP and SC 19220 inhibi -
! .1nhibited bradykining PCE ,-and PGF,, ~induced

contractions but got those of acetylcholine and there was a noticeatle

difference bet Syt T3 e
ween the inhibitions of PGE2 and PGF2d‘by these agenis,

The inhibition of bradykinin was very similar to fhat of PGE2 by PPP

DPP and SC 19220, Thus these experiments support the idea that

_prostaglandins may participate in the contractile action of bradykinin
and indeced suggest a closer relationship between bradykinin and PGE2

than between bradykinin and PGFE
o<

Theophylline inhibited bradykinin-induced contractions but nct
those of acetylcholine. The role of cyclic AMP in smooth muscle
contraction has not been clarified completely (Andersson, 1972; Bar,1974)
and it is premature to speculate on the significance of this observation.

Bradykinin in the presence of SQ 20881, an inhibitor of.kininase
(Greene, Camargo, Krieger, Stewart & Ferreira, 1972) caused an increase ia
the output of prostaglandin~like material from rat terminal ileum which
was prevented by aspirin, indomethacin, meclofenamic acid and flufencmic
acid, Attempts were made to characterise this activity by TLC but there
was no activity corresponding to standard PGEZ, FGFéd'or PGA1. However,
indomethacin pretreatmeﬁt caused disappearance of a spot which had
similar mobility to 15~keto—IﬂE2, which is the major metabolite of PGE2,
Incubation of rat terminal ileum with PGE2 caused the appearance on

TLC plates of a spot other than that for FGE2 which had the same mobility

as 15~keto—PGE2.
Thus it is concluded *hat prostaglandins are involved in the
contractile action of bradykinin although the exact nature of this

involvement requires some more claritfication
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