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SYNOPSIS

The present work describes the development of a method for
the estimation of plasma kinin and kininogen suitable for use
with clinical blood samples. This method has been used to study
kinin-release in two clinical conditions, the carcinoid and
post-gastrectomy (dumping) syndromes, and its possible
relationship to physiological stress. The experimental study is
divided into two sections, (i) Methodology and (ii) Application

of Method.

I. Methodology

Plasme kinins and their precursors are difficult to assay
owing to the ease with which inadvertent formation and destruction
of kinin may take place during blood sampling and purification
procedures. These difficulties probably account for the wide
variation in published estimates of the normal levels of these
substances in human blood., Moreover, the metheds previously
deseribed have required separate samples for the estimation of
free plasma kinin and kininogen, and immediate processing of
the samples. Most methods for free kinin estimation have needed
large volumes of blood, give low recovery, or are relatively
unspecific. For these reasons, there is little undisputed

evidence for the release of plasma kinins in clinical conditions.
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The method developed during the present work (Appendix 2)
substantially avoids these failings. The blood (6 ml,) was
sampled using standard disposable equiyuent._l ml. was taken for
haematocrit estimation while the remainder was rapidly ejected
into chilled ethanol (15 ml.). This step temporarily
inactivated plasma enzymes and precipitated proteins, The
kininogen was precipitated with the protein, while free kinin
was extracted into the ethanolic supernmatant. The fractions
were separated and the enzymes were completely imactivated by
heating in boiling ethanol. The ethanolic extraet from normal
blood, evaporated to dryness, was found to comtain levels of X'
sufficient to interfere with the bio~assay of the low levels of
free kinin, Furthermore, pathological conditions of interest for
kinin analysis would probably contain raised levels of the
biologically active amines, histamine, adrenaline and 5-HT,

The separation of bradykinin from X' and small molecules
was attempted using various small-column chromatographic procedures,
including filtration on Sephadex G-25 eluted with water or 75%
ethanol and separation on "ion retardation"” resin. Nonme of
these gave satisfactory recovery of kinin nor adequate separation.
The method finally adopted was the extraction of kinin from
acidified (pH 1.5) saturated saline into butanol. This procedure
gave a recovery of 81.5% (s.d. = 8.,0%) for bradykinin (50 -~ 250 ng.)
added to the ethancl at the same time as 5 mli. of whole blood,

even when stored for at least 8 hours.



Potassium is very inseluble in batanol and the procedure
reduced the K' content of the ethanolie extracts by at least
90%. In acid solution bases with high pIa are highly ionized
and unlikely to pass into butanol. The recovery of 100 mg.
of 5-HT (pKa = 10,0) per ml. of blood was 3.2% and that of
10 pig. of histamine (ana = 9.7) wae 0.4%. The recovery of
adrenaline, with a pK_ (9.9) intermediate between those of
5=-HT and histamine, was not tested, however, this should be of
the aaxﬁe order,

The kininogen~containing precipitate, which possessed no
kinin-forming nor destroying activity, was homogenized in saline,
and aliquots were incubated with trypsin (200 pg./ml.) in
phosphate buffer at p 7.35. The activated plasma kinin was
compared with synthetic bradykinin using the isolated oestrus
rat uterus. Isolated blood cells contained no detectable
kininogen, thus the whole~blood estimate was corrected using the
haematocrit to give the plasma kininogen content. The values
for plasma kininogen calculated from whole bleod were lower
(88.7%) than those determined directly from plasma according to
the method of Lahiri.

In normel subjects the mean value for free kinin was 2.8 ng.
(bradykinin equivalent) per ml. of plasme and 6.1 pg. per ml, of
kininogen, and these values were within the range of those found

by the majority of workers,



II. Application of the Method

The vasomotor changes of the carcinoid syndrome are
characterized by episodic or continuous flushing, with often
a fall in blood pressure at the commencement of flush. The
dramatic crimson colouration may be provoked by ingestion t?f'
alcohol or food, emotion, or intravenous injection of adrenaline
or noradrenaline. Raised bloed ievels of 5-HT and other
indoles and a raised urinary excretion of 5-HIAA and other
indoles are diagnostic of the condition. However, the appearance
of raised levels of 5-~HT in the blood stream does not correlate
well with the vasomotor symptoms, nor does intravenous infusion
of 5-HT' in carcinoid patients always produce the typical vasomotor
changes. Earlier workers had detected raised levels of a kinin-
like polypeptide in hepatic venous blood of patients during
carcinoid flush. The present work supported and extended these
findings., Raised levels of bradykinin-like activity, characterized
by assay on rat uterus and rat duodenmum, were found in peripheral
venous bloed during flushing in carcinoid patients. The increase
in free kinin was accompanied by a fall in plasma kininogen. The
levels of free kinin were more closely r;lated to the severity

of flushing than were levels of whole blood 5-HT or urinary 5-HIAA.



Many features of the dumping syndrome are similar to those of
the carcinoid syndrome. Both are of ten provoked by similar types
of stimulus and are characterized by similar intestinal and vasomotor
symptoms. Although release of 5-HT into portal venous blood has
been found during experimental dumping in dogs, no similar
relationship between symptoms and indole metabolism has been
demonstrated in man. In the present studies, raised levels of
bradykinin-like activity have been found in the blood of patients
during the hypotensive flushing episecdes of a dumping syndrome
provoked by ingesting hypertonic glucose. The activity was
characterized by parallel bio-assay on rat uterus, rat duodenum
and guinea pig ileum, and chymotryptic degradation. The rise in
free kinin level was concomitant with a fall in plasma kininogen.
The levels of free kinin correlated well with the severity of
symptoms. Administration of a hypotonie placebo solution to
the dumpers and a hypertonic glucose solution to normal subjects
provoked neither symptoms nor changes in plasma kinin., In both
the carcinoid and dumping syndromes the release of plasma kinin
could reasonably account for the vasomotor symptoms.

The hypotensive fainting often seen during the dumping syndrome
is very like vasovagal syncope. Abnormally raised levels of
free plasma kinin were detected in the blood of two healthy but
apprehensive subjects, who fainted during otherwise normal

venepunctures.



It seemed possible that the plasma kinin release detected in
the carcinoid and dumping syndromes was secondary to the release
of 5-HT. To test this hypothesis, 5-HT (20 - 80 pg./kg./minute)
was infused intravenously in anaesthetized dogs. Although
cutaneous vasodilatation, hypotension, and a fall in plasma
kininogen ﬁere detected, no increase in free kinin occurred.
Posgible explanations of this phenomenon are discussed.

Extensive sympathetic stimulation is known to occur during
emotional fainting and undoubtedly occurs too during the stress
of the carcinoid and dumping syndromes. Furthermore, many types
of physiological stress and intravenous adrenaline are known to
stimulate fibrinolysis, and in theory should also provoke plasma
kinin release. The possibility that plasma kinin release was
secondary to raised circulating levels of adrenaline was therefore
tested. Adrenaline (2 - 4 pg./kg./mimute) infused intravenously
in anaesthetized dogs pro‘y‘oked the release of large quantities of
free kinin in two dogs out of five. Although adrenaline normally
produced marked cutaneous vasoconstriction, cutaneous vasodilatation
occurred in the presence of raised kinin levels. These findings
indicate that, under certain conditions, kinin release may be
secondary to raised circulating levels of adrenaline. However,
in the conditions under investigation it is clear that other

factors must also be involved.



Adrenaline infusion in the dogs caused an increase in the
plasma kininogen level. A similar increase was seen in two human
subjects undergoing mild exercise. The results would be explained
by the existence of two pools of kininogen in the body.

The significance of the release of 5-HT and kinin in the
carcinoid and dumping syndromes is considered in terms of the
normal physiological mechanism.






PREAMBLE g

Duaring the last ten years there has been growing awareness
that bradykinin may play an important part in many physiclogical
events. Lack of a convenient but relisble method for taking
samples of human blood for kinin assay has resulted in few
c¢linical studies. Proximity and related interests between
the gastro-intestinal surgeons and the pharmacologists in
Edinburgh provided an uwmisual opportunity for such studies.

It was necessary to improve Lahiri's method for the
extraction of plasma kinin, and it was logical to evaluate
the kininogen precipitated during the process. Solvent
extraction proved to be the best method for removing interfering
potassium ions and concentrating kinins in one operation,
Extraction at acid pi permitted the subotantial removal of
biologically active bases. Biological assay was retained
because it alone would detect and characterize the extremely
small amounts of kinin in normal blood..

The method has been used to study kinin release in two elinical
conditions, the carcinoid syndrome and the post-gastrectomy
syndrome, and its possible relationship to physiological stress.
Although the whole forms a coherent and related investigation,
the backgrounds to the three subjects - the carcinoid and post-
gastrectomy syndromes and stress - are so widely diverse that,
for the sake of clarity, each is presented in a separate section
with its own introductory review. The pharmacology and assay
of plasma kinins is reviewed in the Genera.l Introduction.



THE KININS

l, |Historical Perspective
Physiological actions produced by certain body fluids and

proteolytic enzymes, probably as the result of their kinin
content or their kinin-releasing activity, were described

long before bradykinin had been shown to exist as a separate
entity. The presence of a hypotensive substance in urine was
reported in 1909 (Abelous and Bardier, 1909); in 1922, Dale and
Kellaway chowed that a smooth-muscle~stimulating principle was
generated in guinea pig serum by contact with starch or
bacterial suspensions; while in 1935, Peldberg and Guimarais
shovwed that saliva contained a depressor substance which was
destroyed by boiling.

Investigations into the kinin-releasing system may be said
to date from a series of papers published by Frey, Kraut, Schulz,
and Werle from 1926 onwards (Frey, 1926; Frey and Kraut, 1928;
Frey, Kraut and Schulz, 1930; Frey and Werle, 1933). They
showed that intravenous injection in the dog of extracts of
panorea-; of pancreatic secretion itself, and of urine produced
2 fall in arterial blood pressure. They called the active
principle "Kallikrein" from the Greek work meaning pancreas,
since they believed it to be a pancreatic hormone. I% was not

until some years later, at the time when it was first recognised
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that renin owed its hypertensive action to the release of

a secondary vaso-active substance from a plasma globulin
(Pickering and Prinzmetal, 1937-38; Mufioz, Braun-Menendez,
Fasciolo and Leloir, 1939), that these early workers showed
that kallikrein similarlylowed its activity to the enzymic
release of an active substance from a plasﬁa precursor
(Wwerle, GBtze and Keppler, 19373 Werle and Gruntz, 1939).
These workers recognised the analogy between the two systems
(Werle and Hambuechen, 1943).- The active aubatanne released
by kallikrein was shown to have all the properties of
kallikrein in vivo, and it was named Darm Kontrahierende
Substanz (intestine contracting substance) or substance IK,
since, unlike kallikrein it also contracted many isolated
smooth muscle preparations in vitro. Werle and Berek, in 1948,
suggested that substance DK should be called more simply
"kallidin", and its precursor, "kallidinogen",

In 1949, Rocha e Silva, Beraldo and Rosenfeld described
the release of a hypotensive peptide from plasma globulin by
the action of snake venoms and trypsin. They named the
substance "bradykinin", because it caused a relatively slow
contraction of the isolated guinea pig ileum (Rocha e Silva
et al, 1949). These workers distinguished bradykinin from

acetyl choline, histamine, adenosine, 'hypertemsin', and
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other active substances including kallikrein. They were
unaware (Rocha e.Silva. 1960) that kallikrein had already
been shown to release & émooth-musole-atimulating substance,
kallidin, from a plasma precursor. It is now known that the
original 'kallidin' was probably a mixture of two polypeptides,
kallidin I and kallidin II (Webster and Pierce, 1963).
Kallidin I is identical with bradykinin, the polypeptide
released by trypsin from plasma globulin, shown by Elliott,
Lewis and Horton (1960) to be a nonapeptide; while kallidin
II is a decapeptide, lysyl-bradjkinin. These substances,
together with some other very closely related peptides, have
been given the generic name of kinins (Rocha e Silva, 1962,
1963; 'WGbater, 1966). The Committee on Nomenclature for
Hypotensive Peptides recently ruled that bradykinin should
refer specifically to the nonapeptide, and kallidin to the

decapeptide (wWebster, 1966).

2. Chemistry

Bradykinin (Kallidin I, Kallidin-9)
H=Arg.Pro.Pro.Gly.Phe.Ser.Pro.Phe.Arg-0H

Structure
Rocha e Silva, Beraldo and Rosenfeld (1949) observed
that the incubation of pseudoglobulin with trypsin produced
the hypotensive, smooth-muscle-stimulating polypeptide,

bradykinin. Bradykinin, formed by the action of trypsin on
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acid-treated ox pseudoglobulin, was isolated by Elliott, Horton
and Lewis (1960 a) after ethanol extraction, counter current
distribution, CM-cellulose chromatography, and preparative
paper electrophoresis. The same group established the amino
acid composition and sequence (Elliott, Lewis and Horton, 1960).

As the result of close collaboration with Elliott and his
colleagues in London, synthesis was achieved by a Swiss group
led by Boissonas. The synthetic peptide was identiecal in
biological activity to the pure ox bradykinin (Boissonas,
Guttman and Jaguenoud, 1960; Boissonas, Guttmann, Jaguenoud,
Konzett and Stilrmer, 1960; Konzett and Stirmer, 1960; Konzett
and Boissonas, 1960).

The molecular weight of bradykinin dihydrochloride is

1131 (Elliott, Horton and Lewis, 1960 b).

Kalli 1= Kallidin II lidin-10

H-Lys .Argom .Pfo .G‘].y +Phe.Ser.Pro.Phe .Arg\-ﬁa

Structure

Kallidin was isolated and characterized independently by
Pierce and Webster (1961), and by Werle, Trautschold and Leysath
(1961). Pierce and Webster showed that when acid-treated
human plasma was incubated with human urinary kallikrein, two
pharmacologically active peptides were formed, kallidins I and
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II (being the order in which they were eluted from a column

of CM-cellulose). Kallidin I was identical with the nonapeptide
bradykinin, while kallidin II was a decapeptide differing from
kallidin I by having an additional terminal lysine residue.

Werle et al (1961) similarly, showed that bradykinin and
lysyl-bradykinin were formed by the action of bovine submaxillary
kallikrein on acid-treated ox plasma, .quyl-bradykinin was

synthesized by Nicolaides, DeWald and McCarthy (1961).

Methionyl-lysyl-bradykinin

HeMeth.Lys.Arg.Pro.Pro.Gly.Phe.Ser.Pro.Phe.Arg-0H
Structure

Pseudoglobulin prepared from ox serum, kept at acid pH
Fa— days, and then neutralised and incubated at 37°C,
released two smooth-muscle-stimulating polypeptides. Only
one of these could be isolated, this was the hendecapeptide,
methionyl-lysyl=-bradykinin (Elliott, Lewis and Smyth, 1963;
Elliott and Lewis, 1965). Methionylelysyl-bradykinin was
synthesised by SchrBder (1964). The hendecapeptide differs
from bradykinin and kallidin in that it is much more slowly
attacked by kininases, a 15 minute incubation causing little
or no inactivation. It does not appear to be formed

naturally in plasma, and cannot be detected following glass or
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acid activation of plasma kallikreins (Habermann, 1966), only

bradykinin being formed.

Other Kinins

The euglobulin fraction of human plasma, precipitated by
33# saturation with ammonium sulphate, formed kinins F and S
spontaneously on incubation. They were separated and distinguished
from bradykinin and lysyl-bradykinin by paper chromatography
(Armstrong and Mills, 1963). A kinin-forming enzyme from the
euglobulin fraction acted on fresh plasma to form kinin E,
similarly chromatographically distinguished. These substances
have not been further characterized.

A peptide having bradykinin-like biological activity is
formed by the action of calf or human saliva on acid-treated
bovine colostrum (Guth, 1959; Moriya, Moriweki, Yamazaki,
Akimoto and Pukushima, 1966). This "colostrokinin" (Werle,
1959) may be distinguished from bradykinin by parallel bio-
assay, and its precursor is present only in colostrum and not
normal milk (Guth, 1959; Moriya et al, 1966).

In addition to the kinins so far described, which are of
the most direct relevance to the present work, it should be
mentioned that the bradykinin homologues and bradykinin-like
activity are found throughout the animal kingdom. Peptides
with bradykinin-like activity are found in wasp venom
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(Schachter and Thain, 1954; Prado, Tamura, Pisano and Udenfriend,
1966) (from which the new kinin, glycyl-bradykinin was isolated),
in scorpion venom (Diniz and Moura Goncalves, 1960), and in the
gkin of frogs and other amphibians (Lrspamer and Anastasi, 1966).
Fowl pancreatic kallikrein liberates a kinin named ornithokinin
from fowl plasma, that is inactive on mammalian blood pressure,
but is hypotensive in the fowl, and also contracts the hen

ileum on which mammalian kinins are without influence. The
molecular weight of ornithokinin (6184) is much higher than that
of bradykinin, (Werle, and Hlrter, 1936; Werle, Hochstrasser and
Trautschold, 1966; Werle and Leysath, 1967). Kinins have also

been detected in the plasma of reptiles (krdBs, Miwa and Graham,

1967)+

3+ Pharmacological Actions of Bradykinin

Plasma kinins stimulate certain smooth muscles, produce
hypotension and vasodilatation in several regions of the systemic
circulation, increase capillary permeability, evoke pain from
an exposed blister base, and may cause oheﬁotaxis of leucocytes
although this is in dispute. Kinins also stimulate sympathetic
ganglia. The pharmacological actions of pure bradykinin were

first described by Elliott, Horton and Lewis (1960 b).
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3(a)s Actions on Smooth luscle

(1) In vitro: The isolated guinea pig ileum gives
a characteristic slow contraction with 1 ng.
per ml. of bradykinin, while the cestrus rat
uterus contracts to 0.1 ng. per ml. The dose~
response curve of bradykinin on the isolated
oestrus rat uterus is very steep (see Fig. 22).
Certain smooth muscles which show rhythmic
activity and a high resting tone are inhibited
by bradykinin, The rabbit duodenum and rat
colon show inhibition followed by stimulation,
while rat duodenum shows only relaxation to a
concentration of 8 ng. bradykinin per ml.
(Elliott et al, 1960). Less sensitive than
these is the isolated guinea pig seminal vesical
which contracts at a concentration of 0.5 pg.
per ml. (Konzett and Stilrmer, 1960), while
isolated human uterine muscle taken at Caesarian
operation contracts to bradykinin concentrations
of 1 - 10 pg. per ml. (Berde and Saamelli, 1961).

Bradykinin contracts only longitudinal

muscle strips from the guinez pig ileum and has no
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action on circular muscle strips (Brownlee and
Harry, 1963). On isolated whole muscle
preparations in which longitudinal movements and
volume changes can be recorded, bradykinin contracts
the longitudinal muscle of the guinea pig ileum but
inhibits peristalsis (Beleslin, BogdanoviG and
Radmanovié, 1964). In man, bradykinin contracts
longitudinal muscle strips from the jejunum and
ileum (0.1 - 1.0 ng./ml.). It has very little
effect on the circular muscle of the jejunum

(1 pg./ml.), and relaxes that of the ileum

(0l = 0.5 nge/ml.) (Fishlock, 1966). Bradykinin
relaxes the longitudinal muscle of the human colon
in low concentrations (5 = 100 ng./ml.) and produces
relaxation followed by contraction in high
concentration (0.5 = 1,0 pg./ml.) while it relaxes
colonic circular muscle at all concentrations.

The actions of bradykinin on the isolated rat
uterus and guinea pig ileum are not affected by the
presence of atropine, morphine, cholinesterase
inhibitors, and ganglion blocking agents other than
tetra-ethylammonium chloride (which has a non-specific

action on the smooth muscle itself, and potentiates
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the response to bradykinin) (Khairallah and
Page, 1963). The peptide thus appears to

act directly on the smooth muscle.

In vivo: The intravenous injection of bradykinin

in the anaesthetised guinea pig causes broncho-
constriction (Elliott et al, 1960; Collier,
Holgate, Schachter and Shorley, 1960), demonstrated
by the method of Konzett and RBssler (1940), and on
a molar basis bradykinin is some ten times more
active than histamine. The bronchoconstriction
produced by bradykinin is inhibited fairly
specifically by many of the analgesic anti-pyretics,
including acetylsalicylic acid, phenylbutazone,
amidopyrine, phenazone, and mefenamic and flufenamic
acids, which act with high potency. Paracetamol,
cinchophen, sodium salicylate and acetanilide are
moderately potent antagonists of this broncho-
constriction, while cortisone, hydrocortisone, and
morphine are inactive or unspecific (Collier and
Shorley, 1960, 1963). Intravenous bradykinin also
produces bronchoconstriction in the cat, although at
a level some fifty times that in the guinea pig

(Konzett and St#rmer, 1960).
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In man, Herxheimer and Stresemann (1961)
showed that most normal men are unaffected by
inhalation of aerosols of 2% bradykinin in
saline, whereas 13 out of 15 asthmatic patients
developed dyspnoea, and a 10 = 30/ reduction in
vital capacity.

Although, in vitro, bradykinin is almost as active
as oxytocin in contracting the rat uterus, this is not
the case in vivo, and in the rat, cat, and rabbit,
intravenous bradykinin produces contractions, but is
some 10 - 1,000 times less active than oxytoecin
(Berde and Saameli, 1961). Single injections of
bradykinin up to 2 pg. per kg. or infusions of up to
0.56 ug. per kg. per mimute in women are without effect
on uterine contraction. Single intravenous injections
of bradykinin or kallidin (2 - 16 pg./kg.) produce
a biphasic change in intestinal motility in the
anaesthetized cat and rabbit, a primary inhibition
followed by stimulation; intravenous infusion produces
only inhibition (Bauer, Gmeiner and Winkler, 1966).
Intravenous bradykinin infusion in man (20 pg./minute)
produces inhkibition of the motility of the distal colon
(Marrell and Deller, 1967).
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3(b). Actions on the Circulation

(i) Hypotension: In all animals which have so far been

(11)

investigated, intravenous bradykinin causes a fall
in arterial blood pressure; these include the cat,
dog, rabbit, rat, guinea pig (C.05 - 0,5 pg./kg.)
and, in very high dose, the chicken (40 - 80 mg./kg.)
(Elliott, Horton and Lewis, 1960 b; Konzett and
Stilrmer, 1960); monkey, chimpanzee (Paratt, 1964)
and man (Gersmeyer and Spitzbarth, 1961; Bishop,
Harris and Segel, 1963; Mason and Melmon, 1965).
The hypotension produced by a single injection is
short-lived, reflecting the very short half-life of
bradykinin in the circulation (0.5 min.) (Saameli and
Eskes, 1962; McCarthy, Potter and Nicolaides, 1965).
Intravenous infusion causes an initial sharp drop in
pressure followed by a rise probably as the result
of reflex mechanisms; it stabilizes at a new
hypotensive level depending on the rate of infusion
(Page and Olmsted, 1961; Bishop, Harris, and

Segel, 1963).

Vasodilatation: Bradykinin is a very potent

vasodilator in most areas of the eirculation, and
causes a fall in total peripheral resistance
(Page and Olmsted, 1961; Maxwell, Elliott and
Kneebone, 1962; Montague, Rosas and Bohr, 1963;
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Anguissola, Feruglio,; Campus, Chiandussi,

Pandolfo and Bert, 1966): It increases limb

and muscle blood flow in animals and man (Elliott:
et al, 1960b; Fox, Goldsmith, Kidd and Lewis,
1961; . Burch and DePasquale, 1962;  Paldino, .

Hyman and Lenthall, 1962; Mason and Melmon, 1965):
Bradykinin dilates cutaneous vessels with very great
potency, and in man causes a characteristic flush
and increase in cutaneous flow in doses too small
to produce detecfable-changes in the rest of the
circulation (Fox et al, 19613 Javett and Coffman,
1962). In both dog (Carpi and Corrado, 1961) and
man (Sicuteri, Franchi and Michelacci, 1961) brady-

kinin produces ‘increased cerebral blood flow.

. Bradykinin lowers myocardial vascular resistance in

the rabbit, cat, dog, monkey and chimpanzee (Maxwell
et al, 1962; FParatt, 1964; Anguissola et al, 1966),
and dilates coronary vessels in the isolated hearts
of rat, guinea pig, rabbit, cat, and dog (Antonio

and Rocha e Silva, 1962).

Vasoconstriction: Bradykinin is not, however, a

universal vasodilator. Vasoconstriction in the

isolated rabbit lung has been demonstrated (Lecomte
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and Troquet, 1960) in the absence of broncho-

motor effects (Hauge, Lunde, and Waaler, 1964).
Similar observations have been made in the intact
humen (Gersmeyer -and Spitzbarth, 1961; Bishop,
Harris and Segel, 1963), and in the cat and guinea
pig (Klupp and Konzett, 19633 1965). This.
vasoconstrictor effect is not limited to pulmonary
vessels. The results of Burch and DePasquale
(1962) indidate that in the human finger, bradykinin
produces either constriction of arterio-venous
anastomoses or venoconstriction, causing reduced
flow and passive capillary dilatation, Rowley (1964)
and Guth, Bobbin, Cano and Amaro (1966) have shown
that bradykinin causes a similar venoconstriction in

the rat and rabbit respectively.

3(c)+ Capillary Permeability Changes
Intradermal injection of bradykinin in the guinea big, raf

and rabbit causes a marked local increase in capillary permeability,
visualized by prior treatmenf with intravascular dye (Elliott,
Horton and Lewis, 1960b; Konzett aﬁd Stirmer, 1960; Carr and
Wilhelm, 1965). Doses as low as 1 ng. per 0.1 ml. produce this
effect in the guinea pig, and oﬁ a molar basis bradykinin is some

fifteen times more active than histamine. In man, intradermal
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injection of 0.5 - 200 jug. bradykinin per ml, in 0,05 or 0.1 ml,
doses causes a weal and flare (Herxheimer, 1963).

Although it has been widely accepted that bradykinin produces
permeability increases by a direct action on the capillaries,
Rowley (1964) has elegantly shown that in the rat at least,
the permeability increase produced by bradykinin, histamine,
and 5=-HT is apparently the result of venoconstriction., He
found that venular dilatation produced by these substances was
passive and secondary to the venoconstriction, while retrograde
infusion of the veins with bradykinin, histamine or 5-HT did not
cause an increase in permeability. Rowley concluded that these
agents provoked a venoconstriction which caused a raised back-
pressure, resulting in passive dilatation of the wenules and an

apparent increase in the capillary permeability.

3(&5. Stimulation of Pain Fibres

Application of 0.1 = 1.0 pg. per ml. of bradykinin to an
exposed blister base on the human forearm caused transient pain
(Elliott, Horton and_Lewia. 1960 h). In this, bradykinin was less
active on a molar basis than 5-HT, and produced sensations
qualitatively different from those of histamine - a burning instead
of an itching sensation. After repeated doses of bradykinin,
higher concentrations were needed to produce a comparable response.

The densensitized area was unchanged in its sensitivity to
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histamine or 5=HT., Pain has also been produced by intra-.
arterial injections of bradykinin in man (Burch and DePasquale,
1962) and in the dog (Braun, Guzman, Horton, Lim and Potter,

19613 Guzman, Braun, Lim, Horton and Potter, 1961).

3(e). Leucotaxis

Lewis (1962) found that when 0.5 ml. of 5 pg./ml. bradykinin
was injected intradermally into the guinea pig one hoﬁr before
killing it, histological examination showed infiltration of
leucocytes into the connective tissue surrounding the site of
injections It was also found that flooding the mesentery of
the anaesthetized guinea pig, rat or rabbit with solutions of
10 = 100 pg./ml. of bradykinin caused accumulation of leucocytes
in the venules of the affected area. Chemotaxis of leucocytes
thus became generally accepted as part of the pﬁarmaoological
profile of bradykinin, However, attempts by Spector and
Willoughby (1964) and Gowland (1964) to confirm this finding in
the rat and man were unsuccessful. Spector and Willoughby
tested bradykinin (10 - 100 pg./ml.) amongst a number of other
agents, by intradermal injection in the rat and subsequent
excision of the grea of skin, after 45 minutes or 24 hours, for
histological examination. They concluded that bradykinin and
a number of other substances, inecluding histamine and 5-HT, did

not produce significant leucotaxis.
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Gowland (1964) prepared "skin windows" on the human forearm
by scraping the skin with a scalpel blade until a moist red area,
3 mm. square, was produced, in which there was no punctate .
bleeding. This was covered with a serew-capped perspex.cover
which was stuck to the surrounding skin with adhesive. The:
"winéow" was filled with the test solution. After gentle mixing,
a drop was removed at intervals, for up to seven ﬁouré, for
histological examination. The window was kept topped up with
fresh test solution. Gowland, too, concluded that bradykinin
caused no significant leucotaxis.

Thesé findings have been supported by those of Keller and
Sorkin (1965) and Ward, Cochfana and Muller-Eberhard (1966) using
the 1esa.ph&sioiogical technique of Boyden. They used a perspex
chamber separated into two compartments by a filter membrane of
such pore size that leucocytes could not pass through it except
by active migration. . The lower.chamber contained the substance
under test, while the-upper chamber contained the cell suspension.
The wnit vas incubeted at 37°C. for tiree hours and the filter
was remoﬁed for histological Biaining. Braﬁykinin and kallidin
(10"'5 - 10-9), 5-HT and histamine did not cause significant
migration of rabbit polymorphonnclear leucocytes through the

membrane,



3(f)« Actions on Ganglia

As a result of the demonstration that bradykinin (Lecomte,
Troquet and Dresse, 19613 Feldberg and Lewis, 1964) and
angiotensin (Feldberg and Lewis, 1964) release catecholamines
from the adrenal medulla, Lewis and Reit (1965) investigated the
action of these peptides on sympathetic ganglia:. When the peptides
were delivered to the superior cervical ganglion of the spinal
cat by rapid retrograde injection into the external carotid while
the blood flow from this artery to the nictitating membrane was
interrupted, the membrane contracted.: Contractions occurred
only on the side of the injection and were thus not due to the
peptides reaching the general circulation. Removal of the ganglion,
_or cutting the posteganglionic nerves abolished the contraction.
The stimulant effect of the peptides was resistant to the actiens
of hexamathonium and atropine. The fact that angiotensin is
vasoconstrictor and bradykinin is vasodilator made it unlikely
that their excitatory activity on the ganglion was due to a local
circulatory effect. '

The excitatory action of the peptides oﬁ the superior
cervical ganglion was confirmed b} Haefely, Hfirlimann and
Thoenen (1966), who recorded the post-ganglionic nerve activity.
Both peptides, when applied by close-aiterial injection to the

ganglion, initiated an asynchronocus firing of the post-ganglionic
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nervés simultaneously with the increase in tone of the
nictitating membrane. Injection of the peptides during
sub-maximal electrical stimulation of the ganglion caused
marked facilitation of symaptic transmission (Haefely

et al, 1966).

In the cat, the threshold dose of angiotensin was 0.l -
0.3 pge and that of bradykinin was 0,5 = 10.0 pg. (Lewis
and Reit, 1965), while the dog and rabbit were far less
sensitive to both peptides, doses of 30 = 50 pge. of brady=-
kinin producing very small responses (Lewis and Reit, 1966).
Most of these dose-levels are very high, and seem unlikely to
be reached in the physioclogical situation. ‘

The receptors for the peptides appear to be fairly
specific, and desensitization of the ganglion (Lewis and
Reit, 1965) or the adrenal medulla (Staszewska-Barczak and
Vane, 1967) to one peptide does not result in desensitization

to the other.

4. Pharmacological Activity of Bradykinin Homologues

The pharmacological properties of lysyl-bradykinin and
methionyl-lysyl-bradykinin are qualitatively identical to those
of bradykinin., There are, however, quantitative differences

between the three kinins (See table 1).
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Table 1

The relative potencies of the plasma kinins

Bradykinin = 1

Methionyl-Lysyl-

Assay Lysyl-Bradykinin Bradykinin
In vitro: .
Guinea pig ileum 1/3 (a) 1/4 (b)
Rat uterus 2/3 (a); 1 (e) 1/4 (v)
Rat dvuodenum 1/2 (a) 1/4 (b)
Rabbit duodenum 2 (a)
Hen rectal caecum 2 (a)
In vivo:
Bronchoconstriction 1/3 (4) 1/4 (b)
(Guinea Pig)
Vasodilatation (Dog) 2 (e)
Vasodilatation (Cat) 1/4 (v)
Blood Pressure 1.9 (a) 2 (e)
(Rabbit)
Blood Pressure (Cat) 2/3 (a)
Capillary Permeability 1 (a) 1 (b)
Increase (Guinea Pig)
Pain Production (Mar ) 1/4 (v)

Reference (a) Stdirmer and Berde, 1963

b) Elliott, Lewis and Smyth, 1963

¢) Webster and Pierce, 1963

e

dg Nicoliades, deWald and Croft, 1963
Schrider, 1964
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PLASMA KININ PRECURSORS

1. Initial lxperiments

Bradykinin was shown by Rocha e Silva, Beraldo and
Rosenfeld (1949) to be released by the action of trypsin, or the
venom of the snake Bothrops Jararaca, on dog or ox blood and
serum. They further found that the total potency of blood for
bradykinin release could be localised in thé globulin frﬁction
precipitated by 30 - 45% saturation with ammonium sulphate.

This was the classical pseudoglobulin fraction, which contains
2ll of the plasma proteins but with relatively small quantities
of albumin andy-globuljn. Roci'ls. e Silva and his colleagues
called the bradykinin precursor protein precipitated with this
fraction, bradykininogen.

Van Arman (1952) studied the bradykininogen content of
bovine plasme fractions prepared by Cohn method 10. The brady-
kinin precursor was found in fraction IV-4, and amongst the sub-
fractions of IVe4, IV-6 was the richest in substrate (Van Arman,
1955). "Kallidinogen", the substrate for glandular kallikrein,
was similarly concentrated in IV-6. Werle (1955) further
specified the origin of kininogen when he found, using paper-
electrophoresis, that the substrates for bLoth trypsin and
kallikrein migrated as ocz-globulina. It seemed that there was

only one kininogen, and until relatively recently this was
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believed to be the cese, despite several paradoxical

experimental results.

2. Lkvidence for Iwo Plasma Kininogens

Margolis and Bishop (1963) found that activation of human
plasma kallikrein by allowing plasma to come in contact with
glass beads (See following sections) caused depletion of no
more than 40/ of the total plasma kininocgen. The unused
kininogen was still susceptible to the action of trypsin and
glandular kallikreins, but not to plasma kallikrein however
activated or concentrated. These workers visualised a single
kininogen molecule or complex, having two radicals susceptible
to the two types of enzyme, the plasma and glandular kallikreins.
Similar findings have been noted bf-aeveral workers including,
most recently, Armstrong (1966).

An explanation of these phenomena was advanced by Vogt and
his colleague (John and Vogt, 1965; Vogt, 1966). They found
that, following glass activation of human plasma until no
further free kinin was formed, kininogen, which could be
activated by incubation with glandular (pancreatic) kallikrein
in the presence of kininase inhibitore, still remained in the
plasma., The residual kininogen represented more than 50% of

the totals Thus it appeared that only a proportion of the total
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kininogen in plasma was avallable t; glass=-activatable plasma
kallikrein, Vogt (1966) also performed the complementary
eiperiment. Human plasma was incubated with pancreatic
kallikrein until no further kininogen depletion took place.
Further additions of kallikrein in the presence of kininase
inhibitors caused no further release of kinin., The plasma
did, ﬁowever, still liberate kinin when activated by contact
with glass. From these experiments, Vogt concluded that
plasma contained two separate kininogens; one, kininogen I,
was a specific substrate for glandular kallikreins, the second,
kininogen 1I, was the substrate for glass-activated plasma
kallikrein.,

Vogt further found that if kininogen 1 was added to glass-
activated, kininogen II-depleted plasma, no kinin was formed.
If this same plasma was first acid-treated by incubation at
pi 2 = 3 for 30 minutes at 37°C and then neutralised, an enzyme
was activated which digested the added kininogen. This enzyme
Vogt called kininogenase I, while the glass-activatable enzyme
was kininogenasse II., He thus suggested that human plasma
contained two complete kinin releasing systems, I and II, each
containing a kininogenase and a kininogen (See Fig. 1).

The earliest indication that there may be two distinet
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ACID

PROKININOGENASE I —— = KININOGENASE I + KININOGEN I — KININ
( kallikreinogen ) (serum kallikrein) (kininogen)

‘\

PROKININOGENASE . = KININOGENASEIL + KININOGENIL ———== KININ
( component A) (active componentA) ( component B)

T

HAGEMAN
FACTOR

1

Glass,
Acid

Fig. 11 The kinin-releasing systems as visualized by Vogt (1966).
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kininogen protein fractions in plasma was the finding by
Brocklehurgt and Mawer (Brocklehurst and Mawer, 1963; Mawer,
1963) that filtration of a purified fraction of kininogen on
Sephadex G-200, gave two peaks of activity. From the elution
characteristics of these peaks, Brocklehurst and Mawer (1966)
suggested that they were probably due to two separate kininogens.
The separation of two kininogen proteins from human plasma was
first achieved by Pierce and Webster (1966). Using DEAL-
cellulose, followed by hydroxylapitite chromatography, they
obtained two kininogen-containing peaks. These were further
purified on Sephadex G-200 and additional hydroxylapatite
chromatography. The two proteins were found to be immunologic-
ally identical, but were clearly distinguished by various chemical
procedures, including enzymic and chemical degradation.

The findings of Pierce and Webster were fully confirmed in
a series of papers by Jacobsen and his colleague (Jacobsen, 1966
(a)y, (b), (¢); Jacobsen and Kriz, 1967). Jacobsen found that
the plasmas of man, dog, rabbit, rat and guinea pig all contained
two kininogens. He found that one kininogen gave rapid kinin
formation only with glandular kallikrein and a very slow formation
with plasma kallikrein. The other kininogen formed kinin with
both plasma and glandular kallikreins, but more rapidly with the

plasma kallikrein., The substrate for glandular kallikrein
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obtained from human plasma, equivalent to Vogt's kininogen I,
had a molecular weight of 57,000; the other kininogen had

a molecular weight of 197,000, These findings were in accord
with the conclusions of Pierce and Webster (1966), who reported
that the molecular weight of the smaller molecule was 50,000 =

52,000, The larger moleculs was a polymer of this,.

3« The Nature of the Bond split in Kinin Formation

The kinin-releasing enzymes have, in common with some other
proteolytic enzymes, esterolytic activity directed towards certain
specific synthetic substrates (e.g. Webster and Pierce, 1961).
Hamberg and Rocha e Silva (1957) showed that heating of snake
venom brought about a rapid destruction of the proteolytic
activity towards casein, whereas the bradykinin-releasing activity
and the esterolytic action on benzoyl-arginine methyl ester
decreased much more slowly and in parallel. Holtz, Raudonat
and Contzen (1960) found that on dialysis of snake venom, the
total proteolytic activity was retained by the membrane, while
material possessing both esterolytic and bradykinin-forming
activity passed through. This and similar circumstantial evidence
led Elliot (1963) to suggest that an ester bond was the most likely
link between the polypeptides and the rest of the kininogen molecule.

Habermann and his colleagues (Habermann and Blennemann,

1964 (a), (b); Habermann and lMiller, 1966, have since shown that,
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in bovine plasma kininogen at least, it is a peptide link that
is cleaved in kinin formation. Habermann et al divided kinin-
forming enzymes intc two groups, the K-9 enzymes, including
crotalus venom, trypsin and pig plasma kallikrein, farming the
nonapeptide; the K~10 engymes, inclucding pig pancreatic
kallikrein, forming the decapeptide. They concluded that trady-
kinin and lysyl-bradykinin came from the same kinin-yielding
gioup of the kininogen molecule, since K~9 enzymes incubated with
purified kininogen also utilised the substrate for K-10 enzymes,
and vice versa. They found that if the kininogen was partially
degraded with pepsin, not only could the total potentiél kinin
still be released by subsequent incubation with K-9 enzymes, but
that the potential kinin resided in only two peptides formed by
the peptic degradation, "PKFL" and "PKFS", Further analysis
showed that PKFL has the structure:

NH2

lMet.Lys-Bradykinin-Ser.Val .Glu,OH

and this structure was confirmed by synthesis of the peptides
PKFS was not a homogenaous peptide, but in fact two peptides,
one probably having the structure:

i,

Met.Lys=Bradykinin-Ser.Val.Glu,Val.

and the other:

KH,
Met.Lys=Bradykinin-Ser.Val.Glu.Val.Met.
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Synthetic PKFL was shown to be a substrate for allkinin-
releasing enzymes tested. Further studies showed that
met.lys.bradykinin is not an intermediate in the formation of
lysyl-bradykinin by K-10 enzymes and is unlikely to occur
naturally. Kinin release by K-10 enzymes is the result of
their endopeptidase activity., Likewise, lysyl-bradykinin ie
not an intermediate in kinin release by the K-9 enzymes.
Habermann and his colleagues concluded that in the intact
kininogen molecule (Fig. 2) the K-1C enzymes act at peptide
bonds (a) and (¢). Although in small peptide fragments bonds
(a) and (b) are relatively resistant to K-9 enzymes, in the
intact molecule, K~9 enzymes act directly at peptide bonds
(b) and (e).

It should be added that mixtures of both the nona- and
deca~peptides are formed when K-1l0 enzymes - including
pancreatic, salivary and urinsry kallikreins - are incubated
with pseudoglobulins or with plasma (Elliott, 1963; Webster
and Pierce, 1963); while trypsin and snake venoms release
only the nonapeptide. These findings are accounted for by
the fact that although most glandular kallikreins are capable
of forming only the decapeptide, plasma and pseudoglobulin
preparations contain an aminopeptidase, capable of converting
the decapeptide to the nonapeptide by removal of the N-terminal

lysine (lrd#s, Renfrew, Sloane and Wohler, 196%; Webster and
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FIG. 2

The kininogen molecule showi oints of enz ¢ attack
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Pierce, 1963; Oates, Pettinger and Doctor, 1966). Trypsin
and snake venoms normally act on the lysyl-arginyl bond to form
the nonapeptide directly, they are themselves capable of
converting lysyl-bradykinin to bradykinin (Webster and Pierce,

1963; Habermann and Blennemann, 1964 (a) and (b)).
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KININ-RELEASING ENZYMES

l. Kallikreins

Many aspects of the kallikreins have already been considered
in other sections. The kinin-releasing enzyme, kallikrein,
was originally thought to be a single enzyme, formed only in the
pancreas, released into the bloocdstream and excreted in the
urine (Frey, Kraut and Schultz, 1930). It is now known that
this is not the case. As has already been discussed, plasma
contains at least two types of kinin-forming activity. Kinin-
releasing activity is also found in many other body fluids and
secretions, including saliva (Hilton and Lewis, 1955), tears
(Lewis, 1959), sweat (Fox and Hilton, 1958), lymph (Edery and
Lewis, 1963) and cerebrospinal fluid (Chapman and Wolff, 1958).

Not only are there many sites of occurrence of activity, but
there is more than one distinct kinin-forming enzyme in any one
species so far examined. Thus in man, urinary and pancreatic
kallikreins have molecular weights of 40,500 and 31,200
respectively, and migrate at different rates during electro-
phoresis in cyanogum gel (Moriya, Pierce and Webster, 1963).
Furthermore, the enzyme in human plasma is inhibited by soybean
trypsin inhibitor (SBTI) which does not affect the kinin-forming
enzymes in human pancreas or urine; while egg-white trypsin

inhibitor inhibits the urinary enzyme while being ineffective on
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that of the pancreas (Webster and Pierce, 1963). Similar
findings in the pig are reported by Trautschold, Fritz and
Werle (1966), who conclude that the four kallikreins from
pancreas, submandibulary gland, urine and serum are different
a8 regardsi- |
(1) behaviour during purification;
(ii) electrophoretic mobility;
(1ii) stability;
(iv) proteolytic activity;
(v) kinin~-forming activity;
(vi) esterolytic activity;
(vii) biological activity and destruction
in vivo and in vitro;
(viii) immunological properties;

(ix) inactivation by natural inhibitors.

2. Plasma Kallikreins

Normal plasma contains little or no detectable kinin-forming
astivity. Plasma kallikreins occur as inactive precursors or
kallikreinogens. Activation of plasma kallikreinogens has been
described after the following treatments: acidification of
serum with HC1 to pH 2.0 at 0°C (Kraut, Frey and Werle, 1933);

incubation with trypsin or papein (Werle, 1955); exposure of serum
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to 207 acetone for four hcurs (Webster and Pierce, 1960);
treatment with chloroform (Lewis, 1958); contact with glass
(Armstrong, Jepson, Keele and Stewart, 1957); and dilution
with physiological saline (Schachter, 1956).

The exact mechanism of kallikrein activation and the
nature of kasllikreinogen have not yet been finally elucidated.
It is probable that normally, the plesma kallikreins are
inhibited by specific 1mlibi£ore. Frey, Kraut and Bauer in
1927, found an inhibitor of kallikrein hypotension present in
human blood (Frey, 1927; Kraut, Frey and Bauer, 1928). Human
blood has since been shown to contain several proteinase
inhibitors, inhibiting a number of proteolytic enzymes with
varying degrees of specificity (Trautschold, Werle and Zickgraf-
RHldel, 1967) including trypsin, chymotrypsin, plasmin, and the
kallikreins found in plasma, glands and urine. These inhibitors
are all polypertides of molecular weight 6,000 - 14,000, and
have been found at most of the sites where proteolytic enzymes
occur. In mammalian plasma, at least two specific kallikrein
inhibitofa have been found (Trautschold, Fritz and Verle, 1966).
Both inhibitoralmigrate with the -globulins during electro-
phoresis, one a little faster than the other. Kinetic studies
on inhibitor-kallikrein complexes show that they readily

dissociate at acid pH (Trautschold et al, 1966), possibly
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a factor in acid-activation of kallikreins. It may be that
dissociation of such complexes is also effected by the
presence of certain organic solvents and by hydrolytic enzymes

such as plasmin and trypsin.

3 Activation of Plasma Kallikreins

Activation of plasma kinin release by contact with glass
(Armstrong et al, 1957) has beenlstudiedlin detail (Keele,
1960; Lisen, 1963; Margolis, 1963; Margolis and Bishop,
19633 Vogt, 1966). largolis noted the similarities between
the action of glass in initiating blood-clotting and aﬁtivating
plasma kinin release. He suggested (Margolis, 1957) that glass
contact initiates clotting by activating a heat-labile
precursor, component A, which then interacts with plasma
thrdmboplastin antecedent which reacts with other factors to
form thromboplastin. He considered that similarly activated
component A also reacted with a postulated component B,
a cofgctor necessary for kinin-release, and with kininogen to
form kinin, When component A was activated, component B
became used up. Activated component A appeared to be a protease.
Margolis found that plasma from patients with Hageman trait,
which does not clot normally on contact with glass, also did not
release kinin, He found that Hageman trait plasma contained

both components A and B. He concluded that a further cofactor,



b3

the Hdageman factor, was missing from this .plasma. Glass
carrying adsorbed Hageman factor from normal blood was capable
of activating Hageman-deficient plasma. HMargolis' studies
showed (1963) that Hageman factor was adsorbed by negatively
charged surfaces (e.g. glass, kaolin, alumina) and its
pﬁysical state was altered so that it became capable of
activating component A. From further studies (Margolis and
Bishop, 1963) it seems probable that component 4 is a pla#ma
kallikrein and component B is g plasma kininogen, identical
with the kininogen;se II and kininogen II of Vogt (1966)
(see Fig. 1).

Activation of plasme by dilution to form plasma kinin
(Schachter, 1956) also depends on the presence of activated
Hageman factor and the component B kininogen (Keele, 1960),
and appears to be due to the same enzyme as glags activation
(Eisen, 1961). Dilution of plasma without contact with
a suitable glass surface does not produce activation
(Margolis, 1963). Dilution seems merely to render plasma
more sensi%ive to other activating factors.

The circumstantial evidence put forward by Vogt (1966)
for the existence of two plasma kallikrein-kininogen systems
has already been mentioned. lMore direct evidence for the
existence of two plasma kallikreins has been provided by the
demonstration that humaﬁ plasma contains two permeability

globulins (Kagen, Leddy and Becker, 1963; Kagen, 1964).
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Both globulins cause increased vascular permeability on
intradermal injection; both are esterases, splitting the
synthetic ester TAMe (p-toluene sulphonyl-Learginine
methyl-ester); both can be inhibited by proteinase inhibitors;
and both can act as kinin-releasing enzymes. One of the
proteins travels during electrophoresis as a)’-—globulin, vhile
the other travels as a slow p- globulin, The properties of
the)f-globulin permeability factor have been confirmed in
guinea pig plasma by Davies and Lowe (1963, 1967). They
further found that tha'r-globulin kallikrein could be isclated
in the inactive form by DEAE-cellulose chromatography, and could
then be activated by contact with Hageman factor coated glass

beads.

4. Plasmin

Plasminogen, the enzyme precursor of the blood fibrinolytic
agent, plasmin, has been identified as a P-globulin (Robbins
and Summaria, 1963), with a molecular weight of 143,000
(Shulman, Alkjaersig and Sherry, 1958). It is precipitated in
Cohn fraction III (Cohn, Strong, Hughes, Mulford, Ashworth,
Melin and Taylor, 1946). Plasma kallikrein activity shows, in
some respects, more reslémblance to plasmin than to the glandular
and urinary kallikreins, Unlike the latter, both plasmin and
plasma kallikrein are inhibited by SBTI, and are extremely

resistant to acidity (Eisen, 1963). Plasminogen is converted
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to plasmin spontaneously (lMole, 1948) and by a variety of agents.
These include trypsin, urokinase, and streptokinase (Alkjaersig,
Fletcher and Sherry, 1956); activators in many mammalian
tissues (Astrup and Sterndorf, 1956 (a), (b)); ircubaticn with
chloroform and other orgenic solvents (Denys and Marbaix, 1889;
Christensen and llacleod, 1945); and contact with wettable
surfaces (Niewiarowski and Prou-Wartelle, 1959; Iatridis and
Ferguson, 1961).

Activation of plasminogen is thought to ocecur through the
activation of Hageman factor (Iatridis and Ferguson, 1962).
Haanen, Hommes, Berroad and Morselt (1960; and Mﬁckay, Maycock
and Combridge (1962) showed that this factor could be adsorbed
on glésa powder or celite ana eluted with concentrated saline,
or alkaline saline. The eluate zctivated purified plasminogen
(Mackay et al, 1962). ;

The release of plasma kinin by plasmin was first described
by Beraldo (1950) who found that crude preparations of bovine
"fibrinolysin" released kinin from plasma. Human plasmin
released kinin from dog pseudoglobulin (Lewis and Work, 19573
Lewis, 1958) and pre-active human plaosma (Eisen, 1961). This
was prevented by an "antiplasmin" and SBTI (Lewis, 1958;
Schachter, 1960).

The demonstration of differences between plasmin and plasma

kallikrein has been attempted in various ways. Webster and Pierce
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(1960) showed that the enzymes are inhibited to a differing extent
by the same inhibitors, acetone treatment of plasma in fact
destroying plasma fibrinolytic activity whilst activating kinin
release, Similar results were obtained by Eisen (1963), who
compared different methods of activaticn and inhibition on the
two types of activity. Thus in whole plasma, silica surfaces
greatly promoted kinin formation and only slightly increased
fibrinolysis.  Fibrinolytic activity was precipitated mainly in
the euglobulin fraction, while most of the kinin-forming
activity remained in the supernatant. Acid and acetone treatment
destroyed fibrinolytic and casein-digesting activity and
stimulated kinin formation. VWhen both the substrate and kinin-
forming activity were depleted in plasma by massive contact with
glass, fibrinolytic activity was not affected. Streptokinase
promoted greater fibrinolysies and less kinin release than did
contact activation. ILven when maximum plasminogen activation
had been achieved, silica contact could promote further kinin
formation. Finally, the inhibitor of plasminogen activation,

~amino caproic acid (EACA) inhibited fibrinolysis but not
contact kinin formation,

The two enzymes cannot be completely distinguished however.

Although some workers have found that a plasmin preparation,
whilst highly fibrinolytic, did not release kinin from kininogen

in vitro (Bhoola, Calle and Schachter, 1960), more recently other
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workers have shown that plasmin can releasg kinin from kininogen
without the presence of kallikrein even as an impurity (Eisen,
1964: Henriques, Lavras, Fichman and Picarelli, 1966). Vogt
(1964) has shown that plasmin is capable of activating plasma
kallikrein, and it at present seems most probable that, while
plasmin can release plasma kinin direetly, its main plasma

kinin~-releasing action is through the activation of plasma

kallikvein.,
5 . Tgx ESiIl

Trypsin, a pancreatic proteclytic enzyme, was obtained in
crystalline form by Kunitz and Northrop (Northrop, Kunitz and
Herriott, 1948); its molecular weight is about 24,000
(Cunningham, 1954). The enzymic attack on proteins such
as casein is optimal near pH 8, but the enzyme remains active
at pH values as low as 6. Trypsin is an endopeptidase which
will break peptide bonds in simple synthetic substrates,
Bergmann and his colleague (Hofmarm and Bergmann, 1939, 1941)
concluded that the specificity of trypsin is directed to the
hydrolysis of peptide bonds to which an L-arginine or L-lysine
residue contributes the'carbonyl group. Suitable synthetic
substrates are benzoyl-L-argininamide and benzoyl-L—lysinamide.-
Trypsin can also act at ester linkages provided that the other

specificity requirements of the enzyme are met (Neurath and
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Schwert, 1950). Thus trypsin hydrolyses benzoyle-l-arginine
methyl ester (BAMe). The specificity of trypsin for bonds
involving an arginine or lysine residue applies also to
protein substrates.

Trypsin has been used as a model for kinin-releasing enzymes
since the discovery of bradykinin by Rocha e Silva, Beraldo and
Rosenfeld (1949). The incubation of trypsin with huran plasma
(Webster and Pierce, 1963), or ox pseudoglobulin (Elliott,

Horton and Lewis, 1961) releases only bradykinin. when trypsin
aets on the kininogen molecule, it breaks the lysine-arginine

and arginine-serine bonds of the bradykinin containing sequence
(Pig. 2), to form bradykinin directly. It acts at the lysine-
arginine link to coﬁvert methionyl-lyayl—(Habermanﬁ. 1966) and
lysyl=-bradykinin (erster and Pierce, 19633 Habermann, 1966) to
bradykinin. However, this process takes place at a very much
slower rate with the pepfides than with the kininogen molecule,
and for this reason these peptides cannot function as mgjor
intermediates in the formation by trypsin of kinin from kininogen.

Glandular kallikrein and contact-activated plasma kallikrein
each activate only part of the total plasma kininogen, while
trypsin appears to act on the substrat;s for both kallikreins
and thus to release the total potential kinin (Margolis and |
Bishop, 1963; Habermann, 1966; Vogt, 1966). Heat denaturation

of kininogen does not alter the total amount of kinin which can
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be released by trypsin (Van Armen, 1955; Briseid, Dyrud and
Rinvick, 1966), and this forms thé basis of a method for the
assay of plasma kininogen (Diniz, Carvalho, Ryan and Rocha e
Silva, 1961; Diniz and Carvalho, 1963) discussed more fully

in a fcllowing section (P. 56).

6. Snake Venoms

Bradykinin was discovered in the course of experiments on
the physiological action of the venom of Bothrops jararaca
(Rocha e Silva et al, 1949). Rocha e Silva and his colleagues
found that blood samples taken from a dog after injection of
minute doses of the venom had a stimulating effect upon the
isoléted'guinea pig ileum, Their subsequent work led to the
characterization of the principle which they called bradykinin.
The venoms of two other serpents, Uenisonia superba and Naia
naia, were much less potent than Bothrops venom in releasing
bradykinin, and this activity paralleled their relative
proteolytic =ctivities on casein and globulin,

However, when the kinin-forming enzyme from Bothrops was
purified by selective denaturation and ammonium sulphate
fractionation, it was found that non-specific proteolytic
activity decreased with purification (Henriques, Fichman and
Beraldo, 1960). A similar finding was also reported by Holtz,

Raudonat and Contzen (1960), who found that on dialysis of snake
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venom, the totzal proteolytic activity was retained by the
membrane, while material possessing both esterolytic and
bradykinin-forming activity passed through;

Using the venom of Agkistrodon halys blomhoffii, Suzuki
and his colleagues (Sato, Iwanaga, Mizushima and Suzuki, 1965)
were able to further fractionate its arginine-ester~hydrolase
activity into three distinct enmymic entities, bradykinin-
releasing, blood clotting and capillary permeability increasing.
The bradykinin-releasing activity was associated with only
five per cent of the total arginine-esterolytic activity of the
venom, and was not inhibited by Trasylol nor the soybean or egg
white trypsin inhibitore (Suzuki, Iwanaga, Nagasaﬁa and. Sato,
1966). | |
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KININ DESTROYING ENZYMES

=

J

1. Chymotrypsin

During investigations on endopeptidases, Bergmann and
Fruton (1941) observed that chymotrypsin hydrolyses ﬁeptide or
ester linkages from the carboxyl groups of phenylalanine or
tyrosine. Subsequent studies (reviewed by Desneulle, 1960)
showed that chymotrypsin not only splits the ;arboxyl links of
aromatic amino~-acids, but also of leucine, methionine, asparagine
and glutamine. Chymotrypsin occupies an intermediate position
between the non-specific pepsin and trypsin which splits exclus-
ively the bonds of basic amino acids.

In the presence of chymotrypsin, bradykinin loses its
biologioal activity (Rocha e Silva, 1955) and is split into three
parts. These have been identified as Arg.Pro.Pro.Gly.Phe.Ala,

Ser.Pro.Phe.Ala and arginine (Elliott, Lewis and Horton, 1960).

2e Zg Eain
Trypsin is a highly specific endopeptidase, splitting peptide

or ester links formed from the carboxyl groups of L-arginine or
L=lysine (Bergmann and Fruton, 1951). Trypsin slowly converts
methionyl=-lysyl=-bradykinin and lysyl=-bradykinin to bradykinin
(Elliott, Lewis and Smyth, 1963; Erd8s, Renfrew, Sloane and
Wohler, 19633 Nicolaides, DeWald and Craft, 1963; Habermann,

1966). This results in an increase of activity in most of the
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biclogical actions. Bradykinin itself is stable in the presence
of trypsin (Rocha e Silva, 1955) unless a high concentration of
érypsin is used (Diniz and Carvalho, 1963)« Inactivation by
high concentrations of trypsin found by some workers was probably
due to contamination with carboxypeptidase or chymotrypsin

(Desnuelle and Rovery, 1961).

3,  Carboxypeptidase B.

Two carboxypeptidases have been isolated from pancreatic
secretions, carboxypeptidase A (Anson, 1937, (a), (b)) and
carboxypeptidase B (Folk; 1956; Folk and Gladner, 1958 (a), (b)).
Carboxypeptidase A acts on peptides containing carboxyl-terminal
aromatic amino acids such as phenylalanine, tyrosine and trypto-
phan, or branched aliphatic amino acids such as leucine or
isoleucine. The enzyme is completely inactive towards subsirates
oontaining-c-te;minal arginine or lysine (Smith, 1954).

Carboxypeptidase B acts uniquely on peptides containing
érginine, lysine or orthnithine as the C-terminal group (Folk and
Gladner, 1958). The enzyme is very effective in destroying the
biological activity of bradykinin and lysyl-bradykinin, and is
some 50 = 100 times more active than chymotrypsin (Lrd#s et al,
1963), lMethionyl=lysyl-bradykinin is more resistant to the
action of carboxypeptidase B, and higher concentrations of the

enzyme are required for inactivation (Erd8s and Yang, 1966).
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Because of its specificity, carboxypeptidase B is particularly
useful for characterizing naturally occurring bradykinin (Erdds

et al, 1963).

4., Plasma Kininases

Plasma fractions containing kininogen are usually éontaminsted
with kininase activity (Werle, 1955; Lewis, 1960; Habermann,
1963). Horton (1959) found that dog plasma kininase was
inactivated by incubation at pH 2 and 5700 for twenty minutes.

LrdBs and Sloane (1962) found kininase activity in the Cohn
IV-1 fraction of human plasma. Tﬁia enzyme is s;milar to
pancréatic carboxypeptidase B, in that it.hwdrolyseé synthetic
esters and peptides containing arginine or lysine (Erd¥s and Yang,
1966), and can split the C-terminal arginyl bond common to both
bradykinin and lysyl-bradykinin (Erd8s and Sloane, 1962).

However, plasma kininase is distinguished from carboxypeptidase
B by the different susceptibilities of the two enzymes to
inhibitors. Thus EDTA inhibits the plasma enzyme but not that
from the pancreas, 6 M-urea similarly has no effect on the
pancreatic enzyme but inhibits plasma kininase, while n-butanol
potentiates the activity of the pancreatic enzyme while having
no effect on the plasma enzyme (Lrd8s and Sloane, 1962; Lrdds
et al, 1963). [rd¥s and Sloene (1962) suggested the name

"carboxypeptidase N" for the plasma enzyme.



Sk

Inhibition of human plasma carboxypeptidase with ¥n** ions
reveals additional proteolytic actlivity (Erdds =t al, 1963).
This ie due to an aminopeptidase which splits the N-tarminal
bond eof lysyl-bradykinin, to form bradykinin and lysine
(Erdbs et al, 1963; Vebster and Pierce, 1963; Oates, Pettinger

and Doctor, 1966).

5. Intracellular Kininases

Kininase activity has been found in cell homogenates from
gastric, duodenal, jejunal and colonic mucosa of rats and rabbits
and from fheir striated muscle (Amundsen and Nustad, 1965).
Kininase has also been found in hog and rat liver homogenates
(Werle, 1955; Amundsen and Nustad, 1965) and in hog kidney
homogenate (Hamberg and Rocha e Silva, 1954).

A continuous release of kininase has been noted during
perfusion of guinea pig lung with Tyrode solution (Brocklehurst
and Lehiri, 1962 (b)). The rate of release was not influenced
by antigen<antibody reactions. The activity was destroyed by
ineubati&n at 56°C for thirty minutes, and was not inhibited by
SBTI. |

A kininase has been described in haemolyzed human red blood
cells (krd8s et al, 1963). The enzyme was distinguished from
the kininase occurring in human plasma by their different

sensitivities to inhibitors. The red cell enzyme is inhibited
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by heavy metals including Zn'' and Co'' while the plasma
kininase is not; the plasma enzyme is innibited by

€ - amino caproic acid and LDTA while the cellular enzyme

is unaffected. The kininase was similarly distinguished from
other enzymes which may occur in red cells. The enzyme probably

splits off the lil-terminal arginine of bradykiunin.
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ESTIMATION OF PLASMA KININ AND

KININOGEN LEVELS IN MAN

Comparable estimates of blood levels of plasma kinin and
kininogen have only been possible since a suitable standard became
available in 1960 with the preparation of synthetic bradykinin
(Boissonas, Guttmann and Jaquenoud, 1960), Since that time,
many groups have published procedures for the assay of plasma
levels of both kinin and kininogen. In general, groups have
favoured estimation of either one or other of kinin or kininogen
for the demonstration of kinin-release, and prior to the present
work there was no published procedure for the estimation of both

principles in a single blood sample,

1. Plasma Kininogen Estimation

The procedure most widely used and quoted is that of Dinig,
Carvalho, Ryan and Rocha e S5ilva (1961; 1963). It is based
upon the finding by Van Arman (1955) that denaturation of plasma
kininogen in boiling dilute acetic acid does not affect the
total amount of kinin that can be released on incubation with
trypsin. These workers collected venous blood in a siliconed
syringe moistened with neparin. After centrifugation in
polythene or siliconed glass, 0,2 ml, of plasma was added to
1.8 ml, of 0,2% acetic acid, and heated at 100°¢C for tairty

minutes. The denatured protein suspension was then neutraliszed
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with N-NaOH and 0.5 ml. of 0.2 M-Tris buffer (pH 7.8) was
added, After incubation with trypsin (200 yg./ml.), the
bradykinin released was extracted with ethanol and assayed on
the isolated guinea pig ileun against a standardized brady-
kinin preparation. These workers found that 1 ml. of human
plasma contained potentiai kinin equivalent to 10.6 pg. of
bradykinin. It should be noted that most other groups, using
identical or slightly modified procedures, have found levels
of kininogen in man much lower than those quoted by Diniz and
his colleagues (see Table 2).

A second method for the estimation of kininogen in heparin
treated plasma has been described (Brocklehurst and Lahiri,
1962; Lehiri, 1962). Protein précipitation by 80 ethanol
at 0°C was followed by heating at 80 - 90°¢ for twenty minutes,
The washed precipitate was incubated for thirty minutes with
trypsin (500 pg./ml.) in 0,1 M~sodium phosphate buffer at
P Te4. The trypsin was inactivated by heating and the kinin
concentration determined by bio-assay. Apart from the values
determined in the present work, there are no published values
of kininogen levels in man as determined by this method.
Guines pig plasma contzined 12.8 z 1.9 pg. bradykinin equivalent
(BK eqg.) per ml. of plasma.

Although values for plasma kininogen levels in man have been
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quoted by workere\usiné other procedures, these have not been
practioable assay teohnidues. Values (see Table 2) have

been obtained as the result of the isolation of kininoéen
protein (Jacobsen, 1966), or by activation of plasma kallikreins

in native plasma (Margolis, 1966; Vogt, 1966).

2. Plasma Kinin kstimation

A1l methods for estimation of free plasma kinin involve
inactivation of plasma enzymes followed by extraction of the
kinin activity for assay (Table 3). Three methods have been
used for the inactivation of plasma enzymes; ethanolic
denaturation (Brocklehurst and Lahiri, 1962; Allwood and Lewis,
19643 Oates, Melmon, Sjoerdsma, Gillespie and Mason, 1964);
acid denaturation (Horton, 1964; Abe, Watanabe, Kumagai, Mouri,
Seki and Yoshinaga, 1966); and the use of ernzymic inhibitors
(Webster and Gilmore, 1965). For bio-azssay of the kinin, some
workers have used the simple ethanolic extract (Brocklehurst
and Lahiri, 19623 Allwood and Lewis, 1964), whilst others have
carried out a2 secondary purification by extraction into butanel
(Horton, 1964; Abe et al, 1966) or by ion exchange chromatography
on Amberlite IRC=50 (Oates et al, 19643 Webster and Cilmore, 1965).
tiach of the technicues mentioned has been used on human blood

samples,
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Allvood and Lewis (1964) collected 10 ml. of venous blood
in nylon syringes at 0% and added it to two volumes of chilled
ethanols The samples were spun, and the supernatant fluid
was dried in vacuo and assayed on isdlated oestrus ratiuterus.
in the presence of S-hydroxytryptamine (5-HT) and histamine
antagonists. These workers found a mean normal value of 32 ng.
BE ‘oq. Jek mle of Whole Aleed (side = £ 93)¢  This BalaMIVely
high value is possibly due to the presence in the extracts of
intracellular K* (Lahiri, 1962), since Allwood and Lewis made
no mention of the possibility of contamination of their extracts
ty this ion, nor did they characterize their assayed activity as
kinin~liike.

Using an adaptation of the method of Horton (1964) for the
estimation of kinins in dogs' blood, Abe et al (1966) collected’
10 ml. of venous blood in a chilled siliconised syringe containing
1l ml, of 0,03 M-LUTA, The sample was plaged in a centrifuge
tube containing 5 ml. of 0.8 N-HC1l, shaken for a few minutes,
adjusted to pH 2 with normal NaOH ox' HCl, ahd satuwrated with
sodium chloride. After addition of 20 ml. of n-butanocl, the
wixture was shaken and spun. The butanol was resoved and the
aqueous phzse was re-extracted with a second 20 nml. of butanol.
The combined extracts were dried with 10 g. of anhydrous sodium

sulphate and stored overnight at -20°%C.  After spinning, 4 ml.
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of petroleum ether was added and the mixture was axtraoféd with
4 ml, and then 2 ml. of_diét;lled water, The ‘combined agqueous
extract was evaporated in a graduated tube to 0.6 ml.,
neutralized with 0.1 N-sodium hwdroxi.de, gade up to 2 ﬁ. with
water, and assayed on guinea pig ileum. The recovery of
bradykinin was 51.3% (% 10.5) and the plasma kinin level in ten:
subjects ranged from O - 2 ng. BK eq. per mkt., of blood.

The inactivation of blood enzymes by inhibitors and kinin
extraction using ion exchange were utilised by WeBster and Gilmore
(1965). These workers took 15 ml. of blood into a syringe
containing 2,25 ml, M=-phosphoric acid and 1.5 mg. SBTI giving
a pi of 4 = 5. The volume was measured in & measuring cylinder
and the sample was added to an equal volume of distilled water
containing 100 mg. Amberiite IRC - 50(H'). The suspension was’
adjusted to pH 4.0 with 10 M=formic acid and stirred at room
temperature for one hour. The resin containing the adsorbed
"kinin was removed by filiration on sintered glass, washed with
water, and placed in 2 =« 5 ml, of 0.2 M-ammonium formate at
pH 8.2+, The mixture was adjusted to pH 84H = § with 10-M-NH4OH.
filtered, and the filtrate was adjusted to pi 8.2 using 10 M-formic
acid. The volume was measured and the sample was assayed on *

isolated oestrus rat uterus, The bradykinin recovery for the

procedure using human blood was 27 = 40,4, and venous blvod levels
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were all less than 2,5 ng. BK egqg. per ml,
All procedures for the assay of free kinins in human blood
published to date consist of combinations of all or part of

each of the three methods described above (Table 3).

e Criteria for a Method for the Detection of Kinin-Release

in Clinical Blood Samples.
Plasma kinin release may be provoked by dilution (Schachter,

1956), cooling (Diniz and Carvalho, 1963; Armstrong, Mills and
Sicuteri, 19663 Melman and Cline, 1967), and contact with glass
(Armstrong, Jepson, Keele and Stewart, 1957). Free kinin in
plasma is rapidly destroyed by plasma peptidases (Erd¥s and Sloane,
1962), and its half-life in the circulation is less than 0.5
minutes (Saamelli and iskes, 1962; McCarthy, Potter and
Nicolaides, 1965). There is thus a great danger both of
inadvertent kinin release and of the loss of free kinin already
present in plasma during the preparation of blood samples prior
to assay. This is reflected in the wide variation in values

for the normal levels of both free plasma kinin and its precursor
in man, obtained not only by groups using different methods, but
even in many cases by different groups using the same method

(see Tables 2 and 3).
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Furthermore, the methods previously described for the
estimation of plasma kinin and kininogen have required separate
samples for the estimation of each substance, and immediate
processing of the samples. Most methods for free kinin
assay either require large volumes of blood, give 103 recovery,
or are relatively unspecific. Because.of these methodological
considerations, there is as yet little undisputed evidence for
the release of free plasma kinins in clinical situations, and
there have been relatively few clinical studies.

It has been the aim of the work described in this thesis to
devise and apply a method suitable for the detection of plasma
kinin release in clinical situations., Such a method should
satisfy certain criteria; these are as follows:

1, Standard sterile equipment must be used for blood

sampling.

2. The clinician should not be involved in inconvenient

manipulations, and the method should permit storage
of the sample immediately after it has been taken
until a suitable occasion for processing.

3+ The method should permit detection of changes in

both free plasma kinin and kinin precursor levels,

and ideally should allow estimation of both
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substances in a single blood sample.

The volume of blood required should be reasonably
small,

The method should give high recoveries of free
kinin and kininogen.

Substances present in normal or pathological
samples which might interfere with the bio-assay
of kinins must be removed as far as possible.

addition, such a procedure should satisfy the general

conditions necessary for the estimation of plasma kinins.

These ares

Te

8.

After sampling, enzymes must be rapidly
inactivated to prevent formation or destruction
of free kinins as an artefact.

Contact between kinin and solutions in which

_ hydrolysis may take place, should be kept to

a minimum, and where storage for any length of
time is necessary, it should be in a dry state

if possible.

9. Bacterial contamination should be guarded against

during any lengthy period in solution.
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gen level
radykinin Equive

Authors alonka (pg,/ml. Methods and Comments
Plasma )
Diniz et al 10.6 Plasma denatured in hot dil.
(1961) acetic acid. Trypsin
activation, (10 males,
5 females).
Sicuteri et al 4e4 Method of Diniz et al (1961),
(1962) (7 subjects).
Amundsen et al 1.5 = 6.0 Crude estimate from prepara-
(1963) tion of a stable kinine
forming substrate.
Fasciolo'et al 6 - 10 lMethod similar teo Piniz
(1963) et al (1961).
Jacobsen (1966) Kininogen Ilie Crude estimate as result of
05 = 1.0 gel filtration preparation
Kininogen Ili= of pure kininogen proteins.
2.8 - 405

Margolis (1966) circa 4 Value arrived at during
plasma kallikrein activation
experiments.

Panuccio et al 249 Method of Diniz et al (1961).

(1966) (7 subjects).
Periti and Gasparri 2.77 Method of Diniz et al (1961).
(1966) (79 ‘women) .
Rinvik et al 5e5 Plasma denatured in hot dil.
(1966) HCl. Trypsin activation.
. (11 males).
Trautschold et al 15 = 20 Method of Diniz et al (1961).
(1966)

Vogt (1966) 642 Value arrived at during
plasma kallikrein activation
experiments.

Table 2

Values for the Normal Level of Plasma Kininogen in lMan
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XPERIMN TAL

I. EXPERIMENTS TO DEVISE AN ASSAY PROCEDURE FOR PLASMA
KININ AND KININOGEN IN CLINICAL CONDITIONS
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INTRODUCTION

Rocha e Silva and his colleagues (1949), when they first
described bradykinin activity, found that it was soluble in
80 = 90% ethanol. In their first stage of purification of
bradykinin from incubates of proteolytic venom or trypsin and
ox serum, they used the addition of hot ethanol to precipitate
the proteins, stop the enzypic reactions, and extract the released
kinin, Stabilization and extraction by ethanol have since been
used in free plasma kinin estimations (Brocklehurst and Lzhiri,
1962; Allwood and Lewis, 1964). A preliminary consideration
of the criteria (Page 61), pointed to the use of ethanol
stabilization as the basls of a suitable procedure for the assay
of plasma kinin in clinical samples. The blood would be taken
into a dispossble syringe end added to chilled (4°C) ethanol
(Appendix 2(a)). The resultant mixture would contain kininogen,
other proteins, and cell debris in the precipitate, and kinin
and other ethanol soluble substences in the supernatant.

At this point the procedure must differ from any previously
described if a single sample is to be used for both free kinin
and kininogen estimations. Furthermore the kinin must be
concentrated and substances interfering with the bio-assay removed.

The experimental work involved in devising methods for the
assay of free kinin and kininogen will be considered in separate

sections.
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EXPERIMENTS TO DEVISE A METHOD FOR THE SEPARATION OF

BRADYKININ FROM SUBSTANCES INTERFERING

IN THE BIO-ASSAY

Preamble

The ethanolic extract prepared from whole blood as described
in Appendix 2 (a), will contain any kinin present, and other
substances which would interfere with the bio-assay pf kinins.
K+, a.smooth muscle stimulant, which is released on lysis of
blood cells, would be present in quantities sufficient to
interfere with the assay of 1ow'levels of kinin. 1In addition,
and particularly in patholﬁgical conditions, histamine, adrenaline,
and 5-HT may be present in quantities large enough to interfere

with the bio-assay.

Levels of K+_;p whole blood extracts

Lahiri (1962) found that the threshold concentration of x*
producing contractions in the isolated rat uterus varied between
4 - 8 micro-equivalents (F.Eq.) per ml, of bath fluid. His
whole blood extracts from animal sources - guinea pig, rat, and
rabbit - contained mean values of 19.8 p.Eq., 17 p.Eq. and
2344 polig. x* respectively per ml. of blood extracted. Samples

had routinely to be diluted to at least five times the original
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blood volume before assays. ©Such a requirement greatly raises
the threshold of the assay, and the lower limit of detection
of free kinin described by Lahiri was of the order of 5 ng.
BK Eq. per ml, of whole blood; assuming similar levels of
potassium in man, this is equivalent to about 12 ng. BK Ig.
per ml. of human plasma.

In order to compare the K* content of ethanolic extracts from
human ‘whole blood with those obtained by Lahiri, 5 ml, venous
blood samples were taken from.aeven subjects, and extracts were
prepared as described in Appendix 2 (a). The samples were
reconstituted in 2 ml. of warm (60°) distilled \;fa.‘ter, and,
suitably diluted, were assayed for k¥ content using the flame
photometer. The results are given in Table 4.

A mean vaiue éf 136 p.Eq. (2 56 p.Eq.) of K" was found to
be contained in the ethanolic extract from 5 ml. of human blood
(Lahiri's results give 99.0 p.Eq., 85 p.iq., and 117.0 p.Eq.
per 5 ml. blood from guinea pig, rat, and rabbit respectively).

In addition 50 ng. of ‘standard synthetic bradykinin was
added to ethanol at the same time as 5 ml. blood samples, and
the extracts were prepared as described. It was not possible
to assay the added bradykinim, owing to the rapid contraction
produced by the K* content of the extract, which generally fused

with and masked the contraction produced by the bradykinin,
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Potassium Concentration

Potassium Extracted

Sample of Extract from 5 ml. of blood
(p.Eq./ml.) (peEqs)
1 50 100
2 57 114
3 70 140
4 30 60
5 83 166
6 67 134
T 120 240
Mean 136 (Bldn.56)
Table 4

The Potassium Content of Ethanolic ixtracts from Human Whole Blood
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Dilution of the sample in an attempt to remove the k" contraction
diluted the bradykinin to sub-threshold levels.

Thus, the ethanol extracts of human blood contained levels
of K' which interfered with the rat uterus bio-assay to such
an extent that levels of free plasma kinin below 10.ng. BK Eq.

per ml, of blood (i.e. .20 ng./ml. of plasma) could not be assayed.
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Bradykinin purification using column chromatography
A series of preliminary experiments was carried out in an

attempt to find a suitable chromatographic procedure for the
separation of bradykinin from potassium ions. Freeze dried
samples were prepared containing standard synthetic bradykinin,
and potassium chloride in the quantities deseribed. These
samples were dissolved in de~ionized water as required immediately
before use, and used to test the efficiencies of the columns
described below, [IHach column was tested twice unless otherwise

stated.
1 filtration

Sephadex is a modified dextran (Fledin, 1962). The linear
macromolecules of the dextran are cross-linked to give a three
dimensional network of polysaccharide chains. The substance is
inert to anions and cations, and because it contains multiple
hydroxyl groups, is strongly hydrophilic. VWhen it is mixed
with wvater or electrolyte solutions, it swelle considerably, and
when placed in a chromatographic column, acts as a sieve for
molecules of different sizes.

At the time when this work was carried out, the Sephadex G-25
was the smallest pore size available. This gel excludes solutes
with a molecular weight greater than ¢. 5000, and provides
fractionation below this limit.,
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Sephadex G-25, and water eluent

Sephadex G=25 had previously been used by Pierce and
Webster (1961) in the purification of bradykinin and lysyl=
bradykinin from human plasma.

The Sephadex was prepared as recommended by the manufacturer.
The gel (G=25, medium) was swollen for twenty-four hours in an
excess of de-ionized water. Fine particles were removed by
repeated washes in de-ionized water, until, after sedimentation
of the gel, a clear supernatant was obtained. The gel was de-
gassed under reduced pressure, and then packed in a siliconized
glass column, 35 cm. x 5 mm. diameter. The column was run at'
400. The flow rate was 0,12 ml., per minute, and fractions were
collected at forty-five minute intervals (5.4 mls.) and after
removal of 0.2 ml, for conductivity measurements, were immedistely
shell frozen and freeze dried. The column load consisted of
200 ng. bradykinin + 32 pg. KCl in 0.8 mls. de-ionized water,
and elution was carried out with de-ionized water. For this,
as for all columns in this gection, condﬁotivity megsurements were
taken as an estimate of the K' content of the fractions, and the
evaporated fractions were dissolved in 1 ml. of de Jalon's
solution and assayed on oestrus rat uterus for bradykinin content.

The elution pattern obtained is shown in Fig. 3 (a). The
mean recovery of bradykinin was 37. ﬁ, however, no separation was

obtained.



SEPHADEX G-25 WATER ELUENT

Load Bradykinin = 200ng
KCI 32ug

Fraction 54mis

ng Bradykinin
AT

el Bradykinin elution

60 RECOVERY OF BRADYKININ = 3799/,

40t

20+

3 8 9 Fraction No
0

S

&

S

8

KCI ektion

3

Specific conductivity Mhos/cm x 105

Fig. 3(a): The elution pattern of bradykinin and k* on

Sephadex G-25 eluted with water.
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Sephadex (-25 eluted with 75% (v/v) ethanol

The dextran gels are polar. They only swell in the
presence of polar solvents such as water, dimethylsulphoxide,
formamide, and glycol; while less polar water-miscible
solvents such as ethanol and acetone effectively dehydrate
water swollen gels (Flodin, 1961). Although Sephadex G-25
has been used to fractionate peptide mixtures containing from
di-peptides to peptides with 19 = 22 amino acid residues, its
selectivity is not high enough to separate the peptide hormones
vasopressin and oxytoecin from amino gecids. The use of mixed
organic/aqueous solvents has been utilized to reduce the
swelling of the gel, and thus increase its selectivity for the
purification of these hormones (Porath and Lindner, 1961;
Porath, 1963).

The eluent chosen in the present experiment was 75% (v/v)
glass distilled ethanol., This eluent was used both for its
possible effects on the separation of BK from K+, and also
because it is a very powerful bacteriostat, and would thus
reduce any bacterial destruction of the bradykinin. In addition,
the less polar medium should cut down hydrolysis, if this is
a factor in BK loss,

Sephadex G=25 (3 g.) was allowed to swell for twenty-four

hours in a large excess of 75/ ethanol. The supernatant was
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discarded and replaced with fresh 75% ethanol, until, after
stirring, no more fine particles appeared in the supernatant.
The gel was then packed in a glass column, 20 cm. x 0.6 em. .
diameter, which was run at 4°C. The mean flow rate was
0.1 ml./minute, and fractions were collected at twenty minute
intervals (2 mls.). As each fraction was obtained, 0.2 mls.
were taken for conductivity measurements, and the remainder
was immediately evaporated at 25 - 30°C. and 690 mm. Hg.
The evaporated fractions were dissolved in 1 ml, de Jalon's
solution, and assayed for bradykinin content on oestrus rat
uterus.

Of the two column runs, only one was carried out using
a siliconized column and siliconized glassware. However,
there was little difference in the recoveries, the "non-silicone"
run gave a bradykinin recovery of 26%, while the "silicone" run
gave a recovery of 27%. The true recovery of these columns
was probably greater than that measured, because although
separation was obtained (Fig. 3 (b)), there was considerable
overlap between the bradykinin and x* peaks, and some of the
bradykinin containing fractions were not assayable owing to
their potassium content,

A siliconized column of double the length (40 cm.) was also

set up in an attempt to improve the separation, and thus increase
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SEPHADEX G-25 75°%(Y/v) ETHANOL ELUENT

Load Bradykinin =125ng Fraction= 2mis
KClI =20Ug

RECOVERY OF BRADYKININ = 26-5°%

ng Bradykinin
'S

A0 —— Brodykinin elution

200r

100k

3 [ 9 Fraction No

(@]

b
Q

@
2

KCl elution

12-0F

160} l—

Specific conductivity Mhos/emx10°

20C-

Fig. 3(b)s The elution pattern of bradykinin and K' on

Sephadex G-25 eluted with 75% (v/v) ethanol.
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the recovery. The recovery of this column was still only 3%

Ion retardation resin

Ion exchange resins have long been in use for the preparative
purification of kinins (e.g. Andrade and Rocha e Silva, 1956;
Pierce and Webster, 1961), however the recovery of such
procedures has been lows Lven in a recently published method
for the assay of plasma kinins using the cation exchange resin
IRC-50 (Webster and Gilmore, 1965), the recovery was only
27 = 40%, and the authors had to use a blood sample of at least
15 mls. The low recovery from such resins may be due to
irreversible adsorption of the peptide, or in many cases it may
be the result of increased hydrolysis caused by elution at an
alkaline pH.

A recently available ionic resin, an "ion retardation"
resin (Rollins, Jensen and Schwartz, 1962) produced commercially
as AGllA8, functions oﬁ a principle different from that of the
conventional ion exchange resins. The resin is made by
polymerizing acrylic acid inside Dowex 1. This gives a styrene-
divinylbenzene cross-linked polymer lattice with attached
quaternary ammonium groups, within which weaves the acrylic
acid polymer having carboxyl groups. Each resin bead is
a self-neutralized mixture of anion and cation exchangers, and

thus associates weakly with both anions and cations in equivalent
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amounts. When an agueous solution containing strongly ionized
inorganic salt, and little or non-ionized organic solutes is
passed through a column of the resin, the flow of inorganic

salt is retarded and appears in a separate fraction following the
ovganic material. The resin is eluted at neutral pH, thus
reducing the risk of kiniﬁ hydrolysis present with the alkaline
elution of cationsexchaﬁgg resins,

The resin was used as described in the commereial literature.
Three grams of resin in de—ionizedlwater was packed in a
siliconized glass column, 5 cm, X 1 cm. diameter. The load
consisfed of 125 ng. BK + 20 pg. KC1 in 1 ml. de-ionized water.
The column was eluted with de-icnized water at 4°C with a flow
rate of 0,33 ml.,/mimute, and fractions were collected at six
minute intervals (2 ml.). Conductivity measurements and, after
storage at ~20°C, assay on rat uterus were carried out as
previously described. Separation between ion and bradykinin
peaks was not obtained (Fig. 3 (c))s The K' level was low
enough to allow assay of all fraétiona. The mean recovery was

Conclusions from chromatography experiments
None of the methods tested was. satisfactory. The most

promising was gel filtration on Sephadex G-25 eluted with T5%

aqueous ethanol. Plasma kinin is obtained in the first instance
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ION RETARDATION RESIN (AG11A8) WATER ELUENT

L

ng BradykininA LOAD Bradykinin =125ng

30F KCl = 20ug Fraction =2mis
Bradykinin elution
ook RECOVERY OF BRADYKININ =2%
1+OF
9 3 6 9

3

i

KCl elution

Specific conductivity Mhos | cm x10°

3
I

Fig. 3(c): The elution pattern of bradykinin and X' on the ion

retardation resin, AG11A8, eluted with water.
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as an extract in 75 -~ 807% ethanol, and the use of such a column
might have permitted a single step purification. This would
have been an asset, since ease of operation and the time
involved are vital factors in routine assay procedures.
However, the best recovery obtained was only 37%, and fairly
large volumes of blood (15 = 20 ml.) would probably be required

for the assay of low levels of free kinin.

Butanol extraction of free kinin

A butanol extraction procedure was first used for an
extraction of kinin from urine by Gomes (1955). Gomes'
procedure was a modification of the method employed by Clark et
al (1954) for the purification of "hypertensin" by extraction
into butanol from a salt seturated acidified (pH 1.5) aqueous
solution. Clark's procedure required extraction of the peptide
three times with 0.25 vol. butanol, however, Gomes found that
this gave only 60% réoovery. He found that a single extraction
with an equal volume of butanol gavé a recovery of practically
100% of the oxytocic activity in urine, Gomes recovered the
active material from the butanol extract by precipitation with

five volumes of ethyl ether.

Gomes' method for the extraction of kinin peptides from urine

was further modified by Gaddum and Horton (1959). Using the

method exactly as described by Gomes, they found that the



81

recovery of oxytocic activity from urine varied from 0.5% to only
10%, in contrast to the 100/ reported by Gomes.’ These workers
concluded that ether precipitation was an inefficient method of
recovering the activity from butanol., They found that 80 - 90%
of the activity could be recovered directly from the bﬁtanol by
evaporation to dryﬁess unﬁer reduced pressure at 5000.

The conditions of acid pH and salt saturation in the aqueous
phase, necessary for quantitative extraction of the peptide into -
thelbntanol, were arrived at fairiy empirically by Clark and his
co-workers (1954): Gomes found that both acidification and salt
saturation were necessary for the passage of bradykinin-like
activity into the butanol., Neither Gomes, nor Gaddum and Horton
discuss the efficiency with which such an extraction might exclude
substances interfering with kinin bio-assay, since the nature of
their investigations made this unnecessary. Consideration of the
conditions of the butanol extraction indicated that it might suit
the requirements of the present investigation. Inorganic ions
such as K* and Na'© are very insoluble in butanol. Bases with
high pK's would tend to be highly ionized at pH 1.5, (see Appendix
5) and may be expected to rgmain in the aqueous phase. The pK
of the side chain amino group of histamine is 9.7 (Levy, 1935)s
that of adrenaline is 9.90 (Barlow,I1964), and that of 5-HT is

10.0 (Vane, 1959). These compounds should therefore remain in
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the agueous phase during the butanol extraction.

In early experiments in which the assay of plasma kinine
was attempted, the ethanol extract, prepared as already described
(Appendix 2 (a)), was reconstituted in 10 ml, de-ionized water.
Extraction of kinin from this solution into butanol was then
carried out almost exactly as described by Gaddum and Horton
(1959). This involved acidification of the solution to pH
1.5 with hydrochloric acid, and saturation with sodium chloride.
This was followed by extraction with 10 ml, freshly distilled
n=butanol, The butancl was then evaporated at 60°C at the
water pump (60 mm., Hg.). This procedure gave biological assays
denoting impracticably variable recoveries (45% ~ 75%) when
synthetic bradykinin (250 ng.) was added to the ethanol at the
same time as 5 ml. of blood.

Isolated rat uterus was found to be very sensitive to low
concentrations of butanol; a concentration of 1:104 in contact
with the tissue for two minutes was enough to reduce contraction
size to a given dose of bradykinin by 50%, while contimmal
presence of this concentration in the bath fluid was enough to
inactivate the tissue completely. Subseguent experiments
indicated that in the extract evaporated as above, there was
frequently sufficient butancl or its high boiling oxidation
products remaining to interfere with the bio~assay. This trace
could be removed by a final five mimutes drying, using a vacuum
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punp at O.1 mm. Hg. or less, and 80°C. In addition, it was
found that higher recoveries were obtained if the kinin in the
aqueous phase was extracted in two stages, first with 10 ml,
butanol and then with 5 ml. The final procedure is described

in Appendix 2.

Recovery of bradykinin

The efficiency of extraction inte ethanol, followed by
re-extraction into butanol (Appendix 2 (a) and (b)) was estimated
by measuring the recovery of added synthetic bradykinin, From
each subject, two 6 ml. samples of venous blood were taken through
the same needle into two 10 ml. syringes. 5 ml. of each blood
sample were inactivated in ethanol, and treated as already
described. While one of the two samples was being injected
into ethanol, a known amount of bradykinin, contained in 0.25 ml.
or less of distilled water, was added to the mixture. The
quantities of bradykinin added, ranged from 10 ng. per ml. of
blood, to 50 ng. per ml. of blood (See Table 5). The bradykinin
solution was not placed in the sample syringe (see for instance
Allwood and Lewis 1964; Webster and Gilmore 1965) prior to
drawing the blood because of the danger of activation of kinin
release by dilution. Although the volume of 0.1 ml., of added
solution is small relative to the 5 ml. of blood, the first drops

of blood to enter the syringe would be greatly diluted, and as
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little as 0.1 ml., of human blood contains quantities. of kinin
precursors of the order of 300 ng. bradykinin equivalent. Three
recovery estimates carried out in this way, in which 50 ng. of
bradykinin in 0,1 ml. saline were placed in the syringe prior to
drawing the blood, gave absurdly high recoveries (1,500%, 1,800%
and 3,010%).

In order to simulate conditions which might arise in routine
use, the sample was stored at 4°C for twelve hﬁura. after the
blood had been inactivated in ethanol, to await further processing.
The samples were otherwise purified and assayed as described in
Appendix 2, The total kinin content of the control extract
was subtracted from the kinin content oflthe recovery sample,
and the percentage recovery was calculated., VWhen the control
sample contained no detectable free kinin, a control value was
calculated from the limit of detection of the bio-assay, such
a procedure minimizing the danger of calculating a falsely high
recovery value, |

The resu1t§ are given in Table 5. The raéovery of added BK

was found to be 81l.5% (s.d. = 8.0%).

The exclusion of potassium ions by butanol extraction

Experiments were carried out to estimate the efficiency with

which the kinin extraction procedure (Appendix 2 (b)) excludes the
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k* ions of whole blood, and to give an estimate of the normal
range of k* concentration in the final butanol extract, Samples
were taken from five healthy volunteers. A Two 5 ml, samples of
venous blood were taken from each individual, and processed as,
described in Appendix 2 (a), to give dried ethanolic extracts.

For each subject, one of the samples was left as the dry ethanol
extract, while the other ssmple was processed further as described
in Appendix 2 (b) to give a dried butanol extract.

All of the extracts, both ethanolic and butanolic, were
dissolved in 2 ml, of hot (60°C) de-ionized water, and the K'
content was estimated using a flame photometer. The results
are given in Table 6. |

The mean recovery of K+ extracted from the reconstituted
ethanol extract into butanol was 6.1% (s.d. = 2.2%), a sixteen=-
fold reduction in the K* content of the extract. The mean K’
content of the butanol extract obtained from 5 ml. of normal human
blood was 8.6 p.Eqe. (s.ds = 2,86). When the extract is re-
constituted in 2 ml. de Jalon's solution, 0.1 ml. of the extract,
the maximum usually added to the 2 ml. tissue bath, contains
0.43 p.iq. K*, which is safely below the threshold range of

4 - 8 p.Eq. per ml. of bath fluid.
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The exclusion of 5-HT by butanol extraction

Butanol extraction at alkaline pH (c, pH 10), is often
used in the routine purification of 5-HT (Hanson 1966)..
5-HT has a high pK_ (pKa = 10,0) therefore at the acid pH of
1.5 used in the butanol extraction procedure, the 5=-HT would
be highly ionized (Appendix 5). It should thus remain in the
aqueous phase, and be only very slightly extracted into the.
butanol, 5=HT contracts the isolated oestrus rat uterus, but
the presence of the 5-HT antagonist, 2-bromolysergic acid
diethylamide (BOL-148, Sandoz) (0.5 mg. per litre) in the
bath solution, as described in Appendix 3, raises the threshold
from 1 - 2 ng. 5-HT per ml. to c. 2 pg. per ml.

To test the efficiency with which 5-HT is excluded by the
plasma kinin purification procedure, a series of recovery
experiments was carried out. Because the volunteer blood donors
were at a hospital at some distance from the laboratory, the
following procedure was used. Venous blood samples were
collected from five subjects, using standard disposable syringes
and siliconized needles, and placed in heparinized polythene
pots.  The samples were rapidly frozen for transit to the
laboratory.

At the laboratory, each sample was thawed, and 5-HT

creatinine sulphate was added in a small volume of aqueous solution
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(0.12 ml.), sufficiont to give a congentration of 100 pg. per ml.
of blood.s 5 ml. of the blood was immediately taken through
a siliconized needle, into a polystyrene syringe, and mixed with
cold absolute ethanol, as d2scribed in Appendix 2 (2)s From
this point onwards, the sample was treated as described in the
appendix for the extraction of free kinin, The resulting dried
butanol extract was taken up in 0.3 M. borate buffer, which
vas saturated with butanol and sodium chloride, at pHd 10, and
extracted with an equal volume of butanol. A second
extraction was then made from the butanol into an equal volume
of 0.1 N HCl, and the 5-HT content was estimated spectro-
photofluorometrically, as described by Ashcroft et al (1964).*
The results are given in Table 7.

The control level of blood 5-HT for each subject, in the
absence of added 5-HT, was not measured, since the normal level,
0.5 pg. per ml, of blood (Asheroft et al, 1964; Stacey
1966), is negligible when compared to the quantity of 5-HT
added. Any error arising from this, would in aﬁy case mean
that the true recovery was in fact even lower than that
measured.

The mean recovery of added 5-HT (100 pg. per ml. of blood)

was found to be 3.2% (s.d. = 0.86%). The isolated rat uterus

* Spectrophotofluorometric estimation of 5-HT was carried out by

Dr. D. Eccleston,
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in a 2 ml. bath, in the presence of BOL-148, (0.5 mg./l.) has

a contraction threshold of 3 - 4 pge. of 5-HT added dircetly to
the baths For free kinin assay, the butanol extract is
dissolved in 2 ml, de Jalon's sclution: The maximum volume of
this solution usually, added to the tissue bath is 0.l ml.

3 pg. of 5=HT can be added before reaching the contraction
threshold, and with the recovery factor of 3.2%, this is
equivalent to an original 5-HT content of 375 jpg. of 5-HT per ml.
of blood. Concentrations of this order zre unlikely to be
reached, even in individuals suffering from carcinoid and other
indole secreting tumours. When pathologically high levels of
free plasma kinin are present, the reconstituted extract is .
diluted further before adding to the tissue bath and interference

in the bio-assay from 5-HT is thus highly unlikely.

11, The exclusion of histamine by butanol extraction

The butandl extraction of kinins is carried out at pH 1l.5.
Histamine (pKa 9.7) is therefore highly ionized (Appendix 5) and
shouid not be extracted into the butanol. The extracted kinins
are routinely assayed on the isolated oestrﬁs rat uterus, which
is insensitive to histamine. In fact, high doses of 0.5 =
1.0 pg. of histamine per ml. bath fluid tend to 1owér the muscle
tone., The following eiperimént wés carried out to determine
the efficiency with which the butanol extraction procedure excludes

histamine,
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Two 5 ml. samples of venous blood were collected from each
of four volunteers and inactivated in ethanol as described in
Appendix 2 (a). To one sample in each pair, 50 fg. of
histamine in 0.2 ml. de~ionized water was added as the blood
was being insctivated. A fifth pair of ethanol tubes was
prepared as deseribed, except that no blood was added. A4ll
samples were then processed as described in Appendix 2 (a)
and (b), to give dried butanol extracts.

All samples were reconstituted in 2 ml. of hot (60°C)
Tyrode solution, and assayed against standard histamine on the
isolated guinea pig ileum, using a simple close-bracketing
assay. To determine whether the activity being assayed was
due only to histamine, samples were re-assayed on the same
tissue in the presence of the antihistamine, mepyramine maleate
(:I.':}"3 g+ per litre)., In no case was there residual activity
in the presence of the mepyramine. The results are given in
Table 8.

The mean recovery of added histamine (10 pg. per ml. of blood)
was found to be 0.4% (s.d. = 0.08%). Normal levels of blood
histamine in man lie within the range 20 - 100 ng. per ml.

(See Lindell and Westling, 1966), and, except in some patients
with chronic leukaemia, pathologically raised blood levels are
all less than 1 ug. per ml, In leukaemic patients, blood histamine
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levels of up to 27 pg. per ml. have been recorded (Lindell and
Westling, 1966). However, assuming that even at this high
level, the histamine recovery is still only 0.4%, the butanol
extract would contain a total of 540 ng. of histamine; or,
when reconstituted in 2 ml. of de Jalon solution, 0.1l ml. added
to the 2 ml, tissue bath would contain only 27 ng. Thus
interference from histamine during the bio-assay of the kinin

content of the butanol extracts can be ruled out.
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EXPERIMENTS TO DRVISE A METHOD FOR THE ESTIMATION OF

KININOGEN IN WHOLE-BLOOD -SAMPLES

Rationzle

Once the method of frae.kinin extraction using ethanoi had
been decided upon, it vas necessary to determine'whether it was
practicable fo estimate both free kinin and precufsor in the
same blood sample. As described in Appendix 2 (a2), the sample
is taken from a vein into a polystyrene syringe, and inactivated
in absolute ethanol. The ethanolic supernatant is removed for
free kinin assay, together with washings, leaving behind an
ingoluble coagulum containing cell debris and precipitated protein.
Plasma kinin precursor is precipitated together with the other
plasma proteins.

In their widely used method of plasma kininogen estimation,
Diniz et al (1961, 1963), having first spun down blood cells,
destroyed enzymic activity in plasma by boiling it with dilute
acetic acids The denatured plasma was then incubated with excess
trypsin to liberate the potential kinin, which was assayed
biologically. Lahiri (1962) has described a method more suitable
for adaptation to the present work. The principle of Lahiri's
method is similar to that of Diniz and his colleagues, but
instead of the use of acetic acid as the denaturing agent, Lahiri

denatured plasma proteins by boiling in ethanol.
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Thus, to destroy permanently the latent enzymic activity
contained in the whole blood precipitate produced by preliminary
treatment of the sample, the precipitate was re-suspended in
807, (v/v) ethanol, and heated in a boiling water bath for ten
minmites, This procedure produces leathery lumps of precipitate
which cannot satisfactorily be broken by hand. In order to
obtain small aliquots of precipitate containing manageable
quantities of kininogen (from the point of view botlh of the
trypein incubation and of the bio-assay), the precipitate was
washed with distilled water, and homogenized in concentrated
saline (2.5 M). The sodium chloride increases the density of
the solution, and this alds suspension of the homogenate.
Aliquots (0.2 ml.) could then be incubated with trypsin (200 pg.
per ml.) in phosphate buffer at pH 7.35.

In one further point the incubation procedure described
differs from that of both Diniz and his colleagues, and Lahiri,
Both of these workers added ethanol, prior to boiling, to
inactivate the trypsin. Diniz et al then evaporated the resulting
suspension to dryness, and reconstituted this to form a new
suspension for bio-assay; while Lahiri removed the solids and
evaporated the ethanoliec supernatant to dryness for bio-assay.
This use of ethanol seemed unnecessary in the present work. The

volume of incubate (5 ml.) was small enough, and the wall of the
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incubating vessel sufficiently thin for the temperature to rise
outside the functional range of trypsin almost as soon as it was
immersed in the boiling water. The resulting procedure for

the estimation of kininogen in whole-blood samples is described

in Appendix 2 (¢).

Trypsin incubation of isolated blood cells
The main difference between the procedure described in

Appendix 2 (¢) for the estimation of plasma kininogen and that
described by Lahiri, is the unavoidable presence of blood-cell
debris in the trypsin incubate. Thus a preliminary experiment
was carried out to determine whether the incubation of isolated
blood cells with trypsin released oxytocic activity when
tested on the isolated oestrus rat uterus.

Two 5 ml. venous blood samples were taken from each of five
subjects, using polystyrene syringes fitted with siliconized
needles. One sample was treated as described in Appendix 2
for the assay of kininogen content. The other sample was placed
in a polythene centrifuge tube containing heparin (250 units in
0.1 ml. saline), and centrifuged at 4°C for fifteen mimutes at
1500 'g's The supernatant was discarded, and the cells were
gently washed with 10 ml. Eagle's medium (Eagle, 1959), and the
washings were discarded, The cells were re-suspended in

Bagle's medium to a volume of 5 ml. The resulting suspension
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was drawn into a disposable syringe, and inactivated by ejection
into ethanol as described in Appendix 2 (a). From this point
onwards, the samples were treated as for whole blood for the
assay of kininogen.

In no case was rat uterus contracting activity detected in
the isolated cell incubates. If a trace of activity was
present, but below the threshold of detection of the procedure,
it represented far less than 1% of the activity obtained from

the whole blood incubates (See Table 9).
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Comparison of F Kininogen Levels € lated

Whole-Blood Fstimations, with those Obtained by Direct
Betimation of Plasma.

In order to compare the values obtained for plasme kininogen
level as calculated from the whole-blood kininogen eontent (using
the haematocrit value), with that measured directly in plasma,
the following experiment was carried out,

From each of five subjects, two venous blood samples were
taken into two syringes, but through the same necdle., The first
was a 6 ml. sample, which was treated for the assay of kininogen
content exactly as described in Appendix 2. The second was
a 10 ml. sample which was placed in a polythene centrifuge tube
containing 10 units of heparin in 0.05 ml. of saline. The tube
was centrifuged at 1500 'g' for fifteen mimutes at 4°C, and 4 ml.
of plasma were taken into a disposable syringe and inactivated
by vigorous ejection into 15 ml, ethanol. The plasma protein
precipitate was then treated identically to the whole-blood
precipitate for the assay of kininogen content, as described in
Appendix 2, The resultant procedure for the direct estimation
of plasma kininogen was effectively that of Lahiri (1962), but
with minor modifications.

The values obtained are given in Table 10. The mean value

for plasma kininogen level caleculated from the whole-blood level
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was lower than that found by direct estimation, and the mean ratio
of the two was 88.7% (s.de = 5.8%). This result was surprising,
since the preparation of plasma for the direct estimation of
kininogen meant that the blood was subjected to a greater amount
of handling before enzymic inactivation in ethanol. There was
thus more opportunity for inadvertent kinin release and

a consequent lowering of the estimated kininogen level. As shown
in the following section, once the blood has been inactivated in
boiling ethanol, it does not contain any significant enzymic
activity, and so differences in residual enzymic activity can

be ruled out as a cause of the discrepancy. 1t is possible that
erythrocytes contain a trypsin inhibitor of some kind. It is
equally possible that the difference is due to some error or
assumption inherent in the use of the haematocrit value in the
conversion of whole=blood kininogen levels to plasma kininogen
levels. However, since the levels as measured by the two methods
were so close together, and the discrepancy was so constant

(the s.d. for the ratio of 88.7% was only 5.8%), the problem

was not investigated any further. The values used for plasma
kininogen level in the rest of this thesis are those calculated
from whole~blood estimations, and no further correction has been

made.
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Estimation of Residual (e} ivi le-Blood
Homogenate Denatured in Boiling Ethanol.

Dilute acetic acid, as used by Diniz et al (1963) for the
inastivation of plasma enzymes, boils at 90 - 96°C; 80% ethanol
boils at about 80°C. Although in acetic acid solution, at
temperatures above 90°C, it is very probable that complete
denaturation of plasma enzymes occurs, it seemed possible that
at the lower temperature of boiling ethenol enzymic inactivation
might not be complete, The following experiments were carried
out to detect possible residual kallikrein or kininase activity
in whole blood homegenates which had been inactivated in boiling
ethanol as deseribed in Appendix 2 (e).

To detect possible residual kinin-releasing activity, venous
blood samples taken from four subjects were treated for the assay
of kininogen content as described in Appendix 2. After
homogenization in ealine, 0.2 ml. aliquots were taken as usual
for thirty minutes trypsin incubation in 5 ml. phosphate buffer,but
in the absence of trypsin. All samples were then processed
identically and assayed on rat uterus as described. In only one
out of four cases was any sponteneous kinin release detectable,

and this was only 0.44% of the total kinin released by the
trypsin (Table 11 (a)).
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Residual kininase activity was estimated in venous blood
samples obtained from two subjects. The samples were once again
treated as for kininogen estimations, but in this case, incubates
contained only 0.2 ml. ﬁomogenate, 50 ng. bradykinin, and buffer
to 5 ml. As a control, 50 ng; of bradykinin was incubated for
thirty minutes in S‘ml. phosphate buffer. In neither Qampla
was kininase activity detected (Table 11 (b)), and in fact, in
all incubates, surprisingly little kinin loss occurred during
thirty minutes incubation. The apparent increase in kinin
content of one of the.oontrols lies within bio-assay limits.

It must be mentioned that an alternative interpretation of
the above results is the possibility that both kinin-releasing
and kinin-destroying activity were praﬁent in all the homogenates
tested, but that the one exactly balanced the other, This seems
reasonably unlikely, and it is thus concluded that following
inactivation in boiling ethanol, whole blood homogenates contained

no significant amounts of kinin forming or destroying activity.
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Preparation of a Stable 'Control' Substrate for the
Production of Kinin the Action of in.

Some plasma kininogen assays in the early part of this work
were invalidated by the use of a moisture contaminated bateh of
trypsin which slowly lost its potency during storage. In order
to check routinely the constancy of the incubation procedure,
it was necessary to prepare a stable kinin releasing subsirate
for trypsin, As a very simple preparative procedure was
required, the following original method was used.

10 ml. of human venous blood were taken through a siliconized
needle into a disposable syringe, and placed in a polythene
centrifuge tube containing heparin (500 units in 0.1 ml. saline).
The blood was centrifuged at 1500 'g' for fifteen minutes at
4°c. 0.2 ml. aliquots of the plasma were taken into siliconized
glass pipettes and squirted into 0.8 ml. redistilled ethanol
contained in heavy glass ampoules. The ampoules were placed
in a boiling water bath for three mimutes, centrifuged, and the
supernatant discarded. The samples were washed twice with
distilled water and then dried over P205 in an evacuated
dessicator for forty-eight hours. The ampoules were filled

with nitrogen, sealed, and stored at -20°C.
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The samples were included in routine trypsin incubations
as standards. For incubation, 0.2 ml. of 2.5 M saline was added
to each standard ampoule. The samples were then incubated with
trypsin in phosphate buffer as described in Appendix (¢). In
order to check the constancy of the standard, five samples from
the same batch, but incubated with trypsin on different dates
over a period of five months, were stored at -20°C, and assayed
together on the same isolated rat uterus (see Table 12).

Since the plasma precipitate had been subjected to the same
procedure as the whole-blood precipitate, it was considered to
be equally enzymically inactive. This was confirmed in
a single experiment to test each of kinin releasing and destroying
activity in the manner already described for the whole=blood
precipitate. The mean amount of kinin released on incubation
with trypsin was 88,7 ng. BK Eq. per ampoule. The standard
deviation was only 2.8 ng. BK Eq. (i.e. 3.1%). The kinin precursor
samples prepared in this way were thus acceptable standards for
use in detecting variation in the conditions of the trypsin

incubation used in the routine plasma kininogen estimations.
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NORMAL VALUES

Introduction

A survey of the li£erature ahpwg great variation in the
estimations of normal plasma levais of kinin and kininogen
(Tables 2 and 3). Apparently identical or very similar methods
can give very ﬁifferent estimates of the normal level of both
kinin and kininogen in the h;nds of different groups of workers.
Much depends on care in the manipulation of the blood before
the enzymes have been inactivated, where this is not done
immediately following sampling. Much aiao depends on a critical
bio-assay technique, such as in the frequent checking of kinin
standards (which decay spontaneously in very dilute solution),
and in sufficiently close bracketing. Between these two stages
in the variéus methods, the errors should be constant for each
particular proceduré, anﬁ may b; accounted fﬁr by adequate recovery
experiments., ﬂ | -

Even if "normal" ranges found with a particular procedure
do not accurately reflect the true normal values, findings of
consigtent and reproducible departures from those levels associated
with a given set of conditions, must indicate the involvement of
the kinin releasing system under examinaticn. Before the
procedure described in the previous sections could be applied to

the assay of kinin and kininogen levels in pathological conditionms,
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it was necessary to establish the "normal" values for the method.
It was in fact necessary to determine whether accurate estimates
of normal values even exist, or whether there is great variation
in the levels measured in normal subjects such as is described
by Allwood and Lewis (1964), whose estimate of normal venous
whole=blood free kin:l.n ranged from 4 to 72 ng. per ml. |

(mean 32 ng./ml.; s.d. = 23).

It was possible to use the procedure for the assay of plma;
kininogen described in Appendix 2 (¢) before the extraction
procedure for the assay of free kinin (Appendix 2 (b)) had been
satisfactorily developed. Thné' separate series of control

samples were assayed for free kinin and kininogen.

2. Plasma Kininogen

Kininogen estimations were carried out on venous blood samples
from three groups of subjects, a group of eleven elderly women
(61 - 85 years) and six men (49 - 61 years) convalescent in
hospitael, and thirteen active healthy young men (20 - 30 years).
Samples were taken in all cases from an arm vein, and treated
exactly as described in Appendix 2 for the assay of plasma
kininogen. The results are given in Tables 13 (a), (b) and (c).

The mean kininogen level for the women was T.l pge. BK Eq.

per ml, of plasma (s.d. = 1l.1), and for the older men it was



Subject Age (Yrs.) 2::fm§x?§;f?:§??
1 61 6.7
2 61 153
3 65 749
4 68 6.2
5 72 8.3
6 T4 Ped
7 75 b
8 77 6.9
9 7 1.6
10 85 8.2
11 Unknown 6.7
e 7.1 (s.ds = 1.1)
Tgble 13
% amiia evels

(a) Convalescent Elderly Women (61 - 85 years)
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Plasma Kininogen
Subject Age (Yrs.) (pge BK Eq./ml.)
1 49 57
2 51 5.2
3 52 5.0
4 58 TeT
5 59 6.5
6 61 7.3
Mean 6.2 (Bndl = 1.1)
Table 13

Plasma Kininogen Levels

(b) Convalescent Men (49 ~ 61 years)
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Subject Age (Yrs.) 2;;?ﬂ§xxé:f?:§??
1 21 443
2 21 4.6
3 22 445
4 22 5.0
5 22 5T
6 22 5.8
7 22 549
8 22 6.0
9 23 4.5
10 25 2.9
11 26 7.3
12 27 6.2
13 30 3.7
Mean 5.1 (8eéle = 1,2)
Table 13

Plasma Kininogen Levels

(e) Young Healthy Men (20 - 30 years)
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642 pgo (seds = 1.1), For the young men, the kininogen level

was 5.1 pge BK Eqs per ml. of plasma (s«de = 1.2). The mean
value for the three groups considered together is 6.].}qg. BK Eq.
per ml. (s.de = 1¢4). The kininogen values measured in the

young men included one of 12.0 ug. BK Eq. per ml. of plasma.

This value, obtained from an apparently normal subject, was

mach more than three standard deviations greater than the mean

for that group, and has been excluded from the Table and associated

calculations,

Free Plasma Kinin

Free plasma kinin estimations (Appendix 2 ) were carried
out on venous blood samples taken from sixteen healthy male
volunteers aged from 20 - 60 years., At the time of sampling,
these subjects were showing no obvious abnormal symptoms. One
subject who suffered vaso-vagal fainting during sampling was
excluded from the "normal" group, and will be considered separately.
The results are given in Table 14.

The mean free kinin level for this group was found to be
2.8 ng. BK Eq. per ml, plasma (s.d. = 1.7). This value is
artificially raised, since where no free kinin was detectable,
an arbitrary value determined by the assay threshold was used.for
the caleulation. This approximation raises the mean normal level
very little, the true mean for the method lying within the limits

2.2 nge and 2.8 nge BK Eq. per ml, of plm.
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Subject Age (Yrs.) (nzia;;aﬁifﬁi§.)
1 20 643
2 21 -0-56
3 21 17
4 23 £0.30
> 253 3.7
6 25 {340
7 25 2.4
8 26 2.5
9 28 (345
10 39 1.7
11 46 427
12 60 2.9
13 Not given 0.90
14 o 2.6
15 “ 443"
16 " 6.0
Mean 2.8 (8.de=1.T7)

Notez Subjects 13 = 16 were 4th year medical students
(aged 21 - 25 years)

Table 14

Free Plasma Kinin Levels in Normal Healthy Males
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DISCUSSION

The Method of Free Plasma Kinin Bstimation

In the sections describing the derivation and testing of the
procedures for the assay of free kinin and kininogen in blood
samples, the reasoning behind each step and its ultimate
effectiveness have already been fully discussed, The first
part of this discussion will, in the main, merely summarize the
conclusions arising from these sections,

kthanolic precipitation of whole blood was chosen as the
first stage in fhe treatment of clinical blood samples, This
procedure inactivated blood enzymes, whilst at the same time
separating the free kinin from its precursor and enabling both
substances to be obtained in a form suitable for assay.

Lahiri (1962) found that ethanolic extracts of whole blood from

the guinea pig, rat and rabbit, when evaporated to dxynesé and
suitably reconstituted, contained levels of pctassium sufficient

to stimulate the isolated rat uterus preparation. For his study
this was of little significance, but the levels were high enough

to interfere with the assay of the very low ncrmal levels of free
plasma kinin. In the present work, it has been found that extracts
from human whole blood contained quantities of potassium even

greater than those found by Lahiri, It was impossible to assay
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satisfactorily whole blood concentrations lower than 10 ng.
bradykinin per ml.

Moreover; it seemed highly probable that in pathological
conditions of interest for kinin analysis (such as inflammation,
allergic conditions, shock etec.) the biologically active amines,
histamine, 5«HT and adrenaline were likely to cause serious
interference in the kinin assay. The poasibility of spurious
findings as the result of such interference was demonstrated by
Lewis and Nustad (1965). When bradykinin is infused intra-
arterially in human subjects and ethanolic extracts are prepared
from venous blood samples, their kinin content appears to rise at
the outset of the infusion and to return to normal as the infusion
continues, if assay is carried out on the isolated rat uterus
without further purification (Allwood and Lewis, 1964). Lewis
and Nustad (1965) found that infusion of bradykinin in the rabbit
caused the release of adrenaline into the circulation, and the
increasing level of adrenaline in the ethanolic extracts inhibited
the rat uterus and caused the apparent fall in the plasma kinin
levels When the animals were adrenaleciomized, the plasma kinin
level rose at the start of bradykinin infusion and did not
subsequently fall. A secondary purification procedure for plasma
kinin was thus sought.
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In a preliminary series of experiments, separation of  bradykinin
from K* and small.molecules was attempted using various small-
column chromatoéraphic procedures, including filtration on
Sephadex G-25 eluted with water or 75% ethanol, and separation on
"ion retardation” resin. Such procedures would have constituted
a single step purification with a possibility of sube-fractionation
of the kinin peptides, and would have provided a salt-free extract.
However, no procedure gave a' recovery above 40% nor was any really
satisfactory separation obtained,

Of the other methods considered, the method first used by
Gomes (1955) and subsequently modified by Gaddum and Horton (1959),
for the purification of urinary kinin, seemed the most promising.
These workers reported kinin recoveries of 80-100/ varying with
minor modifications. It also seemed likely, although.not
previously reported, that this procedure would exclude most of the
potassium, which is very insoluble in butanol. Since the extraction
takes place from an aqueous phase at low pH, it should also, in
theory, exclude bases with high pK such as the biologically active
amines previously mentioned. Preliminary recovery tests having
shown that the butanol extraction procedure would give high
recoveries of bradykinin, the method was investigated. As finally
modified (Appendix 2 (b)), the procedure gave a bradykinin recovery

of 81.5% (s.de = 8,0%) in a concentration range of 10 = 50 ng. of
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added bradykinin per ml, of bloods The interfering substances
tested were also satisfactorily excluded by the procedure. There
was at least 90% reduction in the K' content. The recovery of

5~HT added-in high concentration to whole blood was 3.2%

(sede = 0.86t), while that of histamine was only 0.4% (S.d. = 0,08%).
Adrenaline recovery was not tested, but as its pK was intermediate
between those of histamine and 5-HT, this was not considered

necessarye.

Method of Plasma Kininogen Estimation

The method for the estimation of plasma kininogen was
predetermined by the choice of ethanol extraction for the preliminary
purifioatién of free kinin. The most suitable method was that of
Lahiri (1962), who used boiling ethanol to destroy the enzymes and
pro-enzymes in plasma prior to returning to aqueous scolution for
the activation of the kinin precursor with trypsin. The procedure,
originally used with plasma, was adapted for the estimation of
the kininogen content of whole blood (Appendix 2 (¢)). This value
was then corrected, using the haematocrit value (Appendix 4)
to give the kininogen concentration in plasma.

It was found that isolated blood cells contained.no detectable
kininogen, and that the values for plasma kininogen levels calculated
from whole blood were lower (88.7% s.d. = 5.8) than those determined

directly using plasma. ©Since the denatured whole blood was found
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to contain neither significant kinin forming nor destroying
activity, this relatively constant and small discrepancy was
disregarded in calculation, As a check on the constancy of
incubation conditions, a standard kinin-releasing substrate
was included as a control with each batch of samples. The
control substrate was prepared from ethanol denatured plasma.
It was dried and stored in standard quantities, in nitrogen

filled ampoules.

3. Kinin Analysis in Clinical Blood Samples

The procedure fulfilled all the conditions necessary (P.61)
to make it suitable for use in the kinin analyeis of clinical
samples. Blood was taken in standard disposable equipment,
and satisfactory kinin recovery was still obtained after storing
the sample for twelve hours at 400. immediately following ethanolic
inactivation. = Thus the sample could be stored for a limited
period by the clinician whilst awaiting processing. Both
kinin and kininogen were obtained in high recovery, and thus
both substances and the haematocrit could be estimated ir a single
6 ml. blood sample. The purification procedure for the free
plasma kinin excluded many interfering substances, giving the
method a high specificity. Perhaps the most important drawback
to the process from the point of view of routine analyses, was the

fact that it was very time consuming.
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Normal Values of Free Plasma Kinin and Kininogen

The procedure describgd was used to assay plasma kininogen

levels in venous blood from three control groups of subjectis,

a group of-ll elderly convalescent women aged 68 ~ 86 years,

a group of 6 convalescent men aged 49 = 61 years, and lilactive.
healthy young men aged 20 -« 30 years. The mean kininogen levels
were T.1 pg. (sfd' = 1.1), 6.2 pge (sede = 1.1) and 5.1 pg. |
(sede = 1.2) bradykinin equivalents per ml. of plasma for the

three groups respectively, while the mean wvalue for all the subjects
was 6.1 pg. bradykinin equivalents (s.d. = 1.2).

The values from which the mean levels for each group were
calculated, were obtained at various times as suitable volunteers
became available. When this is considered together with the fact
that the values depended on a biolggical assay, the small size of
the standard.deviations is remarkable., This reflects, perhaps,
the homogeneity of the groups and indicates that upder normal
conditions the plasma kininogen level is a fairly constant value
from person to person in a homogeneous group. |

_The mean 'normal' free plasma kinin value of 2.8 ng. bradykinin
equivalents per ml. of plasma (s.d. = 1.7) was obtained from
a control group of 16 healthy males.(20 = 60 years). As was found
with the kininogen levels, under normal conditions the plasma
free-kinin level varied very little, and as will be shown in the

following sections, all subjects having a plasma kinin level greater
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than an arbitrary value of 10 ng. bradykinin equivalents per ml.
shoved vasomotor symptoms (the 99% fiducial limit for the normal
mean is 7.9 ng. per ml.).

When the normal values found in the present work are compared
with the normal values found by other workers CTablea 2 and 3)
it can be seen that both the free kinin and precursor values lie
in the range of values found by the majority of workers, All
the normal precursor values so far published are of a similar
order of magnitude., If it is assumed that they are all estimates
of the same mean value, and a very rough average is calculated
from Table 2 (using mid-points where only ranges are given),
a value of 5.4 pg. bradykinin equivalent per ml., of plasma is
obtained, This value compares very favourably with the value of
5.1 pgs bradykinin equivalent per ml, of plasma obtained in the
present work for the group of active males, and the value of
6.1 pg. bradykinin equivalent per ml. obtained when the two
convalescent groups are included. The published normal free-
kinin values are not all of the same order, two out of the six
being several thousand per cent greater than the rest (Table 3).
The value of 2.8 ng. of bradykinin equivalent per ml. of plasma
(i.e. approximately 1.1 ng. per ml. of whole blood supports the
conclusion that normally there is little or no free kinin in blood

or plasma.
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THE CARCINOID SYNDROME

Introduction

The careinoid syndrome is the name applied to a complex
consisting of some or all of the following symptoms; episodic
or sometimes continuous flushing, abdominal colic, intestinal
hypermotility, watery diarrhoea, attacks of dyspnoea due to
bronchoconstriction, cedema, and ascites due to right heart
failure. The patient often has a patchy cyanotic appearance,
and pellagra-like skin pigmentation. The dramatic transient
crimson flush may be provoked by such stimuli as ingestion of
alcohol or food, emotion, intravenous adrenaline or noradrenaline,
or compression of the tumour; and there is often a fall in blood
pressure at the commencement of flush. Raised blood levels of
5=-HT and other indoles, and a ralsed urinary excretion of
5=HIAA and other indoles are diagnostic of the condition. The
carcinoid state has been fully discussed in a number of reviews,
amongst which are those by Stacey (1966), Smith (1960-1; 1965),
and three reviews given at a Symposium on the Clinical Chemistry
of Monoamines by Campbell (1963), Gowenlock and Platt (1963)
and Snow (1963).

The name Karzinoiden was first applied to certain tumours of
the intestinal tract by Oberndorfer (1907). Carcinoid tumours

may be found anywhere along the gastro-intestinal tract, or in
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its appendages, the commonest sites for the primary tumour
being in the appendix or ileum (Gowenlock and Platt, 1963;
Sanders and Axtell, 1964). Cases have alnq been described in
which the carcinoid syndrome has been associated with bronchial
adenomata (Williams and Azzopardi, 1960; Gowenlock and Platt,
1963).

The origin of carcinoid tumour cells from the chromaffin
cells of Kultschitzky (1897), found normally in the mucosa in
the gastro-intestinal tract, was established by Gosset and
Masson (1914), who first demonstrated the characteristic affinity
of both types of cell for silver stains. These workers
suggested that the tumour had an endocrine activity, a hypothesis
which remained unconfirmed for some forty years, when the
presence ﬁf a carcinoid tumour was first shown to be related to
the complex of symptoms making up the "carcinoid syndrome".

In 1953, Isler and Hedinger reported three patients having
carcinoid tumours, and right heart valvular lesions, which they
described as a definite syndrome. In Sweden, BiSrck, Axén and
Thorson had earlier, in 1952, described a patient having a
carcinoid tumour of the small intestine, and exhibiting the
symptoms of flushing, cyanosis, oedema, asthmatic attacks,

pellagra-like skin lesions, and cardiac lesions, without

recognizing the syndrome. They subsequently reported a number
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of cases ahowing these symptoms, and described the typical
carcinoid syndrome, which they suggested might be due to
5-BT secreted by the tumour (Thorson, Bidrek, BjBrkman and
Waldenstr¥m, 1954). It had already been shown that tumour
tissue contained high concentrations of 5-HT, and a second,
uncha;acterizad smooth muscle céntraoting substance |
(Lembeck, 1953), and the Swedish workers went on to show
that there was an ébnormally_high concentration of 5-HT in the
blood of carcinoid patients (Permow and Waldenstrdm, 1954).
Many reports of raised levels of 5-HT, and its metabolite
5=-HIAA, in both blood and urine have since appeared in the
literature (Gowenlock and Platt, 1963), and this has become
diagnostic of the carcinoid condition. This relationship, and
the fact that when 5-HT is administered parenterally in man it
can produce some of the symptoms of the carcinoid syndrome,
including intestinal hypermotility (Hendrix, Atkinson, Clifton
and Ingelfinger, 1957), and flushing (Page and McCubbin, 1953%;
Roddie, Shepherd and Whelan, 1955). resulted ;n the generally
accepted assumption that 5-HT was the sole humoral agent
responsible for the carcinoid flush. This assumption was
challenged in 1962 by Robertson, Peart and Andrews, who showed
that intravenous injections of adrenaline and noradrenaline

provoked the carcinoid flush, doing so indirectly, by the
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liberation of some secondary humoral factor. They further
showed that the appearance of the flush was not always
accompanied by an #.ncreaae in circulating 5-HT's They found
that intravenous infusion of 5-HT in patients in whom a flush
could always be provoked by adrenaline was not always followed
by a flush, even though doses high enough to cause other
systemic effects were used. Even when a flush was produced

by 5-HT, it differed qualitatively from both the spontaneous
flush and that provoked by adrenaline, being more cyanotic.
These workers concluded that 5-HT was probably not the humoral
factor responsible for carcinoid flush. Conjecturing on the
identity of this factor, they excluded for various "circumstantial”
reasons such vaso=-active substances as histamine, substance P,
adenosine triphosphate, and nicotinic acid, and suggested brady-
kinin as potentially the most likely culprit.

An editorial comment on this hypothesis (Lancet, 1962) related
earlier findings of raised levels of the proteolytic enzyme,
pepsin, in the urine of some carcinoid patients (Smith, Nyhus,
Dalgleish, Dutton, Lennox and Macfarlane, 1957), and the
abnormal presence of a peptidase in carcinoid tissue (Pearse and
Pepler, 1957) to the fact that bradykinin is released from its
precursor by proteolytic enzymes. It was furthermore suggested

that the provocation of carcinoid flush by catecholamines may be
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related to the observations of Hilton and Lewis (1956) that
catecholamines will release kinins in the perfused cat

salivary gland. Similar considerations prompted the investiga~-
tions of Oates, Melmon, Sjoerdsma, Gillespie and Mason (1964),

who showed that raised levels of a kinin-like polypeptide. .
appeared in the hepatic venous blood of eleven patients during
carcinoid flushing. They .also found that whilst hepatic tissue
from non-carcincid patients contained no demonstrable kallikrein
activity, hepatic carcinoid metastases contained a kinin-releasing
enzyme. They completed their investigation by showing that in
carcinoid patients, intravenous injection of synthetic bradykinin
produced a flush similar to the carcinoid flush. It was at

this point, as a result of Oates' paper, that the present series
of investigations into plasma kinin and kininogen levels in
carcinoid patients was initiated. The only experiments
characterizing the active principle purified from the blood of
carcinoid patients reported by Oates and his colleagues, were

the contraction of isolated rat uterus, the depression of rat.
blood pressure, and destruction with chymotrypsin. This prompted
the suggestion (Lancet, 1964) that the activity was due to substance
Py a peptide possessing the appropriate blological properties,

and present normally in the gastro-intestinal tract. However,
Oates and his colleagues have since reported that the chromato-

graphic behaviour of the active substance, its actions on bio-assay
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preparations, and its rates of enzymic destruction were
indistinguishable from those of bradykinin (Oates and Melmon,
1966; Oates, Pettinger and Doctor, 1966).

Finally, althcugh histamine has never had any wide
acceptance as the major carcincid humoral factor, it should be
mentioned that the literature contains very numerous reports
of raised urinary and blood histamine levels associated with
the carcinoid condition. Raised histamine levels have
frequently been found in the presence of both the "typical”
carcinoid tumours (5-HT secreting, associated diagnostically
with raised blood 5<HT, and raised urinary 5-HIAA) and the
"atypical" carcinoid tumours (5-HTP, secreting, associated
diagnostically with raised urinary 5<HT, 5-HTP, and 5HIAA)
(Pernow and Waldenstr®m, 1954, 1957; Gowenlock and Platt,
1963), Histamine possesses many of the properties required
of a carcinoid humoral factor, including the production of
a crimson flush, and hypotension (Rocha e Silva, 1966), and gut
stimulating activity (Parrot and Thouvenot, 1966). However,
the subjective symptoms experienced on the intravenous infusion
of histamine differ from those of the carcinoid syndrome
(Robertson et al, 1962), and the actions of histamine can be °
inhibited by specific antihistamines, which is not usually the

case with carcinoid symptoms. The presence of metastases in
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the stomach, which normally contains histamine secreting cells,
or the finding of Feldberg and Smith (1953) that tryptamine and
5«HT are histamine releasers are explanations often advanced

for the presence of such abnormal histamine levels,

Clinical Material and Procedures

Samples have been inveatigated'from four male patients
having carcinoid tumours, and exhibiting the carcinocid synﬁrome
with vaiying degreeﬁ of severity, and a female patient, who, at
the time of investigation exhibited a carcinoidelike condition,
vith flushing and raised 5-HIAA excretion. Patient (1)
(Kinloch, Webb, Eecleston and Zeitlin, 1965) and patient (2)
(number (1) in the series of Smith, Preshaw and Sircus, 1965)
have been described with clinical details elsewhere.

Patient (1) flushed contimuously, and his whole-blood 5-HT
level was 415 ng. per ml. when flushing was mild, and 820 ng.
per ml. when intense (normal range 50 - 300 ng. per ml.). He
excreted in his urine an average of 31 mg. 5-HIAA per twenty-
four hours. He died two months after admission %o hospital,
and at autopsy, histological examination showed the presence of
an oat-cell carcinoma of the bronchus, with metastases present
in many tissues,'including the liver, pancreas, both kidneys,

and thyrcid glands.
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Patient (2) showed the typical transient flushing of the
carcinoid syndrome. For experimental studies, flushing could
be provoked by intravenous injection of adrenaline (10 pg.).
Carcinoid tumour had been diagnosed fbur.years earlier. At
that time he had been admitted to hospital ﬁith a history of
flushing and diarrhoeé. Laparotomy had refealed a caecal
carcinoid tumour containing argentaffin cells. He also had
a raised urinary 5-HIAA excretion, and a raised ﬁhole-blood
5-HT level. At the time of the present investigation, his
peripheral blood contained abnormally high concentrations of
| a number of indoles (Crawford, Asheroft, Eccleston and Smith,
1965), his whole-blood 5-HT level being 2.0 pg. per ml.

Urinary excretion of 5-HIAA was 70 mg. per twenty-four hours
for this patient. |

Patients (3) and (4) had histories of diarrhoea, abdominal
discomfort, and répeated attacks of flushing., Patient (3) had
a whole-blood 5-HT concentration of 0.37 pg. per ml., and excreted
255 ﬁg.. of urinary 5-HIAA‘in twenty-four hours. Necropsy
disclosed a bronchial oat-cell carﬁinqma with anaplastic hepatic
metastases. At the time of the present investigation, flushing
could not be provoked in this patient.

In patient (4), laparotomy had shown the presence of carcinoid
tissue in mesenteric lymph nodes and liver. The primary tumour

was never identified, but was thought to be in the duodenum.
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Transient flushing could be provoked in this patient by
intravenous injection of adrenaline (10 pg:)s Before, and
during flush, his whole-blood 5-HT level was 0.35 pg. per ml.,
and his twenty=four hour urinary 5-HIAA a#uretion was 9.3 mg.
Patient (5), a 45 fear 0ld woman, had aﬁtered hospital
some two years previously with a duodenal ulcer, hypersecretion,
steatorrhoea, and a hepatic carcinoma., She had a history of
flushing since hjsterectomw nine years earlier. Her condition
was diagnosed as the Zollinger-Ellison syndrome, which is
usually assoclated with a non-insulin producing tumour of the
pancreas. The patient accordingly underwent partial
pancreatectomy, partial gastrectomy, and total vagotomy. No
tumogr tissue was found in the pancreas, and no argentaffin
granules were seen in the hepatic metastases. She was discharged
from hospital free from her earlier symptoms, including flushing.
Two years later she was admitted to hospital in a diabetic coma,
and a week after this, although she was exhibiting neither
flushing nor other carcinoid symptoms, a blood sample was routinely
assayed for free kinin, During the next two months her diabetes
disappeared spontaneously, and two and a haif months after the
first kinin assay, she started to have carcinoid-like flushing.
A second blood sample was obtained for kinin assay during flush.
Her urinary 5-HIAA at this time was reported to be four times the

normal value (medical case notes).
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3« Results

a) Kinin and Kininogen Levels in Venous Plasma

Kininogen and free kinin levels wer¢ measured in the venous
blood of carcinoid patients (1) - (4), who showed symptoms of
varying severity (see Table 15). In only one of these patients
(patient (3)) was it possible to obtain samples before, during
and after the flush.

Patient (1), a terminal case, showed the most severe symptoms,
and displayed a continucus lobster flush and general oedema.

He also had the highest free kinin level, 53.7 ng. BK Eq. per ml.
of plasma, or nearly twenty times the mean normal level of
2.8 ng. BK Eq. per ml.

Patients (2) and (3) showed the typical transient brick red
flushing of the carcinoid syndrome. At the height of the flush
provoked by 10 pg. iniravenous adrenaline, patient (2) hed
a free kinin level of 26.3 ng. BK Eq, per ml. of venous plasma, or
about nine times the normal level. Samples from patient (3) were
assayed before, during, and after the flushing episode (see Fig. 4).
The pre-flush control level for this patient, although a little
high, was within 3 standard deviations of the mean normal level.
At the height of flush provoked by 10 pg. intravencus adrenaline,
the venous free kinin level for this patient was 24.5 ng. BK Ig.

per ml. plasma, which is almost nine times the normal level.
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FREE KININ  KININOGEN CARCINOID SUBJECT
Bradykinin Equivalents % of
Mg/100ml Plasma  Control
2-50 7 100

A
2-25 4 90 e
2-00 4 80
175 70 -
1-50 4 60 -
/
1-25 - 50 - /Q@g/
1-00 - 40 - /‘4
0-75- 30 ¥
0-50 - 20 -
0-25- 10 -
Control Peak of Cessation
Sample Flush of Flush

Fig. 4: Patient 3: Levele of free kinin and kininogen in venous
plasma before, during, and after the flush provoked by
10 pg. intravenous adrenaline. (Note: 1 pg./100 ml,
plasma = 10 ng./ml, plasma).
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At the cessation of flush, the level approached normal again.
The venous plasma kininogen level for this patient fell
throughout the onset and cessation of symptoms (Fig. 4 and . .
Table 15).

Patient (4), although showing other features of the carcinoid
syndrome, could in no Iwa.y be prévoked to flush, His venous free
kinin level, assayed on a number of occasions, lay at all times
in the normal range. An exploratory operation was carried out
on this pa.tient.- During the opefa.tion, because he had a high
S5-HIAA excretion, blood samples were taken from the portal and
hepatic veins and the hepatic artery for indole assay. Simultan-
eous samples were also taken for kinin and kininogen assay. Although
metastases were pﬂ:eseﬁt in the liver, there were no obvious indole
concentration gradients (Eccleston, Personal Communication).

The kinin and kininogen levels lay within the normal range

(see Table 16) also, and showed no significant gradients. However,
no real conclusion can be drawn from this finding, since the
presence or absence of flush was not noted during the operation.

Samples from patient (5), investigated originally as a case
of Zollinger-Ellison syndrome, were assayed on two occasions,
separated by an interval of two and a half months. On the first
occasion she showed no carcinoid symptoms, and was not flushing.
Her plasma free kianin level was normal, 1.2 ng. BK ﬁ.q pér mle

Her symptoms subsequently became carcinoid-like, with typical
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Bradykinin Equiva.lents of':
Ssaple Kininogen Free Kinin
(pe./ml. Plasma) (nge/ml. Plasma)
Hepatic Artery 6.2 3.2
Portal Vein 546 340
Hepatic Vein 6.6 41

Table 16

Plasma Kinin and Kininogen Levels in Blood taken at Operation
from the Hepatic Artery and the Hepatic and Portal Veins of a
Careinoid Patient (Patient 4).
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trangient flushing. A venous blood sample taken during
"naturally" occurring flush, contained 23.9 ng. BK Eq. per ml.
plasma.,

When the free plasma kinin levels found in these patients
are arranged according to the approximate severity of their
vasomotor symptoms (Fig. 5), it can be seen that the kinin
levels are highest during the most severe symptoms, and lowest
in their absence.

Informetion gained from plasma kininogen estimation in
these patients is less easy to evaluate. As already mentioned,
serial kininogen estimations in patient (3) indicated the rapid
release of kinin (Fig. 4). It is noteworthy that while all the
kininogen levels measured in patients (2), (3), and (4) vere in
the normal range, those in patients (1), and (5), who
incidentally showed the most severe general symptoms of their
conditions, were very high, both being well over twice the mean
normal level. No other plasma protein abnormalities were reported
in these patients at the time qf sampling. Although chronic
severe depletion might cause compensatory over-production of
kininogen, serial estimations during the course of the disease

would be necessary before such a hypothesis could he made.
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THE CARCINOID MEASURED AT THE HEIGHT OF THE SYMPTOMS
FOLLOWING FLUSH PROVOCATION

FREE KININ
(ng.BK Eq./ml plasma)
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lobster flush

Transient
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Non-flushing

Fig. 52 Levels of free kinin in venous plasma of patients 1 = 5
of the carcinoid series measured at the height of the
symptoms following flush provocation., The dotted line
represents the 99% upper fidueial limit of the mean
value found in symptomless healthy males. Therefore
only 1 in 100 normal values will be greater than this,
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Characterization of Bradykinin-like Activity

Although the plasme levele of kinin in the presence of
flush in patients of the carcinoid series werevery much greater
than the levels in the absence of flush or in normal subjeots,
the total quantities of activity available werevery small,

As the amounis available were in the nanogram range, it was
only possible to characterize the zctivity obtained from two of
the carecinoid subjects by parallel qualitative bio-assay using
the isolated rat ‘duoderum (Fig. 6). This tissue relaxes in
the presence of kinin, and ecntracts in the presence of most
other smooth muscle stimulating substances. The activity so
characterized contracted the isolated ocestrus rat uterus in the
presence of atropine and BOL., It was thus distinguished from
catecholamines and histamine, which both inhibit the tissue;
gastrin and SRS-A to which the tissue is insensitive; and from
acetylcholine and 5-HT, which were antagonized with specific
inhibitors. The active principle relaxed the rat duodenum,
which further distinguished it from 5-HT, histamine, acetyl-
choline; gastrin, substance P, and angiotensin, all of which
contract the tissue.

In addition, in patient (3), the appearance of free kinin-
like activity occurred in parsllel with a decrease in the plasma

kininogen (Fig. 4). Thue the evidence indicates that the
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increased activity assayed in these subjects in the presence of
flushing was bradykinin-like, probably originating from a plasma

kinin precursor.

Discussion

Of all the effects which bradykinin preduces in man, the most
gtriking is its ability to cause flushing. Intravenous bradykinin
stimulates the blush areas of the human body in doses too low to
produce other detectable physiological changes (Fox et al, 1961;
Javett and Coffman, 1962). The argentaffin cells normally found
in high concentration in the mucosa of the gastro-intestinal
tract have long been known as the origin of carcinoid tumour
(Gosset and Masson, 1914). As has already been discussed these
cells are involved in indole metabolism, and abnormalities of
indole metabolism are usually assoclated with the carcinoid
condition, For this reason the vasomotor symptoms of the carcinoid
syndrome have been generally considered to be mediated by the
release into the eirculation of raised levels of 5-=HT.

5-HT infusion in man, however, causes cutaneous and venular
vasoconstriction (Roddie et al, 19555 Fox et al, 1961) with
eventual pooling of blecod and development of a cyanotic flush
similar to that seen in some carcinoid cases (Roddie et al, 1955).

In carcinoid patients, Robertson et al (1962) found that
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intravenous 5-HT did not produce the typical carcinoid flush
and sometimes caused pzllor, even in decses high enough to
produce considsreble systemic effects; while there was little
correlation between free plasma 5-HT levels and flushing episodes.
s, Likourenmil Andastion oF luipiints 15 splalnals aAlite,
unlike 5-HT, did produce symptoms closely resembling those of
the syndrome (Oates et al, 1964).

Raised levels of free plasma kinin during carcinoid flush
have been detected in the hepatic venous blecod of 11 patients by
Oates and his colleagues (Qates et al, 1964; Oates and Melmon,
1966), and in peripheral venous blood of a single patient by
Webster (1966). The results reported in the present work
support the findings of these workers. Plasma kinin release
has been demonstrated in venous blood during flushing in 5 patients
with carcinoid or careinoid-like syndromes. Serial blood sampling
indicated’ that raised plasma levels of free kinin occurred in
a patient only during the appearance of flushing (Fig. 4). The
level of free kinin measured in these patients seemed'closely
related to the severity of the flushing (Fig. 5), the patient with
the most severe flushing having the highest level., The activity
was shown to be kininelike by parallel bio=-assay on isolated
oestrus rat uterus and rat duoderum, and the appearance of free

kinin-like activity was associated with a fall in kininogen.
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Whole blood 5-HT levels obtained after flush provocation and
twenty=-four hour urinary 5-HIAA levels are known for 4 of the pastients
(Table 17) and, although generally greater than normal, show no
clear relationship to the geverity of their symptoms. In these ,
patients at least, although abnormal indole metabolism is
obviouely associated with thelr condition, the release of free kinin
more reasonably accounts for the appearance of their vasomotor
symptoms.

The origin of the kinin is indicated by the finding in
carcinoid tissue of abnormal levels of proteolytic activity
(Pearse and Pepler, 1957), later characterized chromatographically
by Oates et al (1964) as a kinin-releasing enzyme different from
that of blood., COates and his colleagues found that during
carcinoid flush, raised levels of this enzyme appeared in the
circuiation.

It should not be concluded, however, that plasma kinins are
the only, or ultimate humoral carcinoid factors. A survey of
the literature shows that the syndrome varies from patient to
patient. liven the flush may range from the cyanotic colouration
first described by Thorson et al (1954), possibly ascribable to
circulating 5=HT, to the brick or lobster flushing seen in the
present series of patients. It seems likely that 5-HT may be

the major humoral factor in some patients, histamine in others,
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kinin in yet others. The inclusion in the present series of

s patient (patient 5), whose formerly gastrin-secreting

hepatic tumour changed over a period of years into a careinoid-
like tumour producing raised levels of indoles and plasma kinin,

indicates the possibility of even more complex relationships.
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THE DUMPING SYNDROME

1(a) Introduction

The énmping syndrome occurs in patients who have been subjected
to gastric surgery. It consists of an intestinal component which
may include hyperperistalsis, epigastric discomfort, bloating,
fullness, cramps, nausea, vomiting and diarrhoea; and a vasomotor
component which may ineclude weakness, dizziness, pallor or flush,
vertigo, desire to lie down, palpitations, sweating, tachycardia,
and increased peripheral blood flow (Machella, 1949, 1950;

Fisher and Cannon, 19553 Weidner, Scott, Bond and Shull, 1959;
Silver, Anlyan, Postlethwaite, Morgan and Mengel, 1965). The
dumping syndrome occurs during or immediately after eating, and
particularly eating carbohydrates. The syndrome is usually
provoked for experimental purposes by ingestion of hypertonic
glucose solution (Machella, 1949; 1950; Fisher and Cannon, 19553
and others), although a variety of hypertonic solutions (including
saline, xylose and protein hydrolysates) have been similarly
used (Machella, 1949, 19503 Roberts, Randall, Farr, Kidwell,
McNeer and Pack, 19543 GSessions, Reynolds, Ferguson and Scott,
1962; Geokas, Solymar and Beck, 1967; and others).

The very extensive experimental work on the subject has been
fully reviewed by Miller and Peskin (1963), and the present
review will be concerned in the main, with aspects most directly

related to the work described in this thesis.
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Development of a "Humoral" Theory of Dumping

Dénechau (1907) and Hertz (1913) were the first to describe
functional disorders following gastric surgery for peptic ulcer.
They noted that nausea, vomiting, epigastric fullness, and diarrhoea
appeared in gastrectomized patients after meals. Using x-ray
examination, Hertz found rapid emptying of the stomach remnant
in these cases, and he ascribed the symptoms to the resultant
distension of the jejunum. Mix, in 1922, introduced the term
"dumping stomach" to describe the rapid emptying.

Direct distension of the jejunum by the bolus of foqd was,
for many years, widely believed to be the primary cause of the
dumping syndrome (Hertz, 1913; Zollinger and Hoerr, 1947;

Irvine, 19483 Muir, 1949). In 1949, Machella (1949, 1950)

made an important contribution to the study of the syndrome when
he showed that the major factor in producing dumping was not the
bulk, but the hypertonicity of the ingested substances. He noted
that the symptoms occurred during the hyperglycaemic phase
following ingestion of hypertonic glucose, and abated as the blood
sugar fell. As earlier workers had suggested that dumping
symptoms might be due to the hyperglycaemia (Glaasager. 19403
Zollinger and Hoerr, 1947), Machella showed that in dumping
patients, hyperglycaemia alone, produced by intravenous glucose,

caused no symptoms. He further showed that instillation of
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virtually any kind of hyperosmotic solution ( 300 milliosmolar)
via a tube into the proximal jejunum of both gastrectomized and
normal subjects, could reproduce the typical dumping syndrome,
while simultaneously causing a dramatic increase in the secretion
of fluid into the intestinal lumen. Distension of the jejunum
with a2 balloon produced some of the symptoms of’dumping. and
Machella thus postulated that the sudden outpouring of fluid
into the small intestine to dilute its hypertonic contents,
caused distension, and aubsequent dumping symptoms.  In the
normal subject, however, the intact stomach acted as a reservoir
for the gradual dilution of hypertonic contents, and only
isotonic contents passed into the small intestine.

The findings of Machella were tested in 1953 by Roberts and
her colleagues (Roberts et.al, 1953, 1954). They confirmed that
hypertonic solutions of a variety of sclutes administered
intrajejunally, would provoke dumping, but found that mechanical
distension alone, of the jejunum, would not provoke dumping
symptoms. During the course of these studies, Roberts measured
blood volumes, and found a consistent decrease in plasma volume
of 500 « 1000 ml. in patients during the acute phase of dumping.
The finding of a decreased plasma volume has since been confirmed
by many workers (Hinshaw, Joergensen, Davis and Stafford, 1957;
Morris, Greenfield, Jordan, Peddie, Cordon and DeBakey, 19593

Scott, Weidner, Shull and Bond, 1959; Weidner et al, 1959;
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LeQuesne, Hobsley and Hand, 1960; Sessions et al, 1962; and
others). These observations formed the basis of what was, until
recently, a very widely accepted concept of the dumping mechanism.
The symptoms were thought to be provoked by the presence of
hypertonic material in the jejunum, This causes a méssive shift
of fluid into the lumen to dilute its contents, producing
distension, and consequent intestinal symptoms. The fluid shift
also causes a reduction in plasma volume, which in turn triggers
sympathetic vasoregulatory reflexes, and thus produces the
vasomotor changes of dumping. However, this theory has been
seriously challenged. The decrease in plasma volume has been
found to correlate badly with the appearance of symptoms, while
attempts to prevent the symptoms by intravenous saline infusions
to maintain plasma volume have been unsuccessful (Webber, Bender
and Moore, 1957; Duthie, Irvine and Kerr, 1959; Lawrence and
Matthews, 1959; Butz, 1961).

In 1951, Capper and Butler published an observation which
had beéen noted by most earlier workers, but had not been regarded
as greatly significant. Gastreciomized patients who dumped when
upright, showed no symptoms when supine. These workers inferred
from this that the syndrome was produced by the abnormal weight
of the over filled intestine dragging on the gastric remnant when

the patient was in the erect position, while when the patient was
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horizontal, the gut was adequately supported, and no symptoms

were produced. Hinshaw et al, in 1957, showed that, contrary

to general belief, there was an increase in cutaneous and peripheral
blood flow in dumping patients with moderate to severe vasomotor
symptoms (e.g. dizziness, weakness, sweating, taahyoaﬁdia), the
blood flow change being greater when symptoms were more severe.
Patients who did not show these symptoms, but only the gastro-
intestinal abnormalities during dumping, had a vasoconstrictor
response, with decreased blood flow.

The picture became clearer when Cox and Allan (1961) measured
the blood pressure and peripheral blood flow of dumping patients
in both the upright and supine positions. They found that when
recumbent, although patients showed considerable vasodilatation,
their blood pressure and pulse rale rose slightly. Patients
who stood during dumping, however, showed marked postural
hypotension, with concomittant syncope~like symptoms. The
findings of vasodilatation during dumping have since been confirmed
in thorough studies by Castenfors (1961), and Christoffersson
(1965). Hypotensive episodes were not seen consistently by
these workers. However, this discrepancy may be explained by
the fact that Cox and Allan (1961) made their measurements with
patients standing, thus increasing any pressure fall resulting
from failure of the homeostatic mechanisms, while Castenfors and
Christoffersson made their observations with patients usually

either sitting or lying.
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Evidence for the release of a humoral factor

In 1961,'too. Johnson anleesaeph initiated an important new
line of inweatigaiion into the dumping mechanism. These workexrs
found that portal venous blood collected from anaesthetized dogs
which had r;oeived intrajejunal hypertonic glucose produced
a reaction very like the dumping syndrome when transfused into
conscious normal recipient dogs. Portal blood from normal
donor animgls produced no reaction when transfused into conscious
dogs. This finding was the first real evidence for the release
of a humoral "dumping factor" during the syndrome.

Although Johnson and Jesseph made no attempt to define this
transfusible factor, much evidence was already in existence to
give an apparent clue as to its possible identity. The tissues
of the jejurnum and duodenum were known to contain 5-HT
(Erspamer, 1954; Resnioﬁ and Gray, 1961) and argentaffin cells
(Erspamer, i939) in high concentration. It had been demonstrated
that both in vitro (Toh, 1954; Baker, 1958; Billbring and Lin,
1958; Billbring and Crema, 1959), and in vive (0'Hara and Cole,
19593 IO'Bara, Fox and Cole, 1959), 5-HT was liberated from the
Jjejunal mueos# by distension and also by contact with hyper-
and hypotonic sugar solutions. Serum 5-HT levels were known

to be raised in man, fellowing experimentally provoked increase



152

in bowel activity (Adams, 1960), Finally, it had been shown
that intravenous 5-HT produced a marked suppression of
pancreatic secretion (Drapanas, Pollack and Shim, 1961), and
that external pancreatic secretion was diminished in animals
following intraduodenal instillation of hypertonic glucose and
saline (Lawrence, Khentigan, Hudock and Vanamee, 1961). It
was thus suggested by Drapanas and Shim (1961) that the
suppression of pancreatic function during experimental dumpj.ng
in dogs might be mediated by 5~-HI' released from the intestine.
With this background of circumstantial evidence, plus the
fact that intravenous 5-HT produces intestinal and vasomotor
changes similar to those of the dumping syndrome (Hendrix,
Atkinson, Clifton and Ingelfinger, 1957; Haverback and Davidson,
1958) it was not surprising that, in 1962, a number of groups
should examine the release of 5-HT and its metabolites
during dumping. Drapanas, lMcDonald and Stewart (1962), and
Peskin and Miller (1962) found raised levels of 5-HT in venous
blood draining the small intestine during experimental dumping
in dogs. |Walker, Turner and Hardy (1962) were unable to detect
this increase in 5-HT without prior administration of an amine-
oxidase inhibitor to prevent its destruction. Johnson and his
associates (Sloop, Johnson and Jesseph, 1962) repeated their
earlier transfusion experiments, while monitoring the transfused

blood for 5-HT content. They found that blood causing dumping
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in the recipient dog usually, but not always, contained a raised
5=-HT level. These workers postulated the involvement of

a second humoral factor to explain this result. In addition,
Johnson's group (Johnson, Sloop, Jesseph and Harkins, 1962)

and Peskin and Miller (1962, 1965) reported the suppression of
dumping symptoms in both animals and man, using 5-HT antagonisis.

In contrast to these findings, Sessions et al (1962) found
no increase in peripheral blood 5-HT levels during dumping in
three subjects; while Schmid, Meythaler, Schin and Hemning
(1962) found no increase in the human urinary excretion of
5=HIAA, the 5-HT metabolite, during dumping.

More recently, other workers have investigated 5-HT
involvement in the dumping syndrome. Howe (1964) found no
statistical correlation between 5-HIAA excretion, and the
appearance or severity of symptoms in 15 dumping patients.
Sullivan and Patton (1964) found that blood 5-HT levels in man
do not vary in any particular way during dumping. Silver and
his colleagues have examined several aspects of the problem.
Working with dogs (McGregor and Silver, 1965; Silver,

MeGregor, Porter and Anlyan, 1966), they found that intrajejunal
instillation of both hypertonic (50%), and nearly isotonic (5%)
glucose caused an increase in portal blood 5-HT levels, together

with an increase in the number of argentaffin staining sites in
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Jjejunal mucosa obtained at biopsy. Inﬁregaaa in systemic blood
5-HT levels with dumping were not always found., Since the
portal blood 5~HT 13?31 rose, following instillation of both .
50% and 5% glucose solution, Silver then looked at the effect
of intrajejunal pressure changes on 5-HT release (Silver et al,
1966). He found that increased intraluminal pressure was also
accompanied by a rise in portal 5-HT, He completed his animal
investigations by showing that a 5-HT antagonist (methysergide
maleate) largely suppressed dumping symptoms in dogs.

These results, however, do not appear to parallel results
obtained by this group from investigations into human dumping.
They examined 88 dumping patients, and found no significant
relationship between either peripheral venous plasma or
platelet 5-HT levels or urinary 5-HIAA levels, and the presence
or severity of symptoms. While, in a double blind controlled
experiment with 14 dumping patients, Silver et al (1965} found
that the 5«=HT antagonist, methysergide maleate, produced no
consistent or prolonged improvement of symptoms.

Most recently, evidence (albeit highly circumstantial)
suggesting the existence of a humoral dumping factor in man,
has been presented by Geokas and Beck (1966). These workers
produced experimental dumping by intra-jejunal instillation of
hypertonic glucose in a single patient suffering from cirrhosis

of the liver. They did this before and after a portal-systemic
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shunt, Before the operation, intrajejunal glucose provoked
only mild vasomotor and intestinal changes. Post-operatively,
dumping provocation produced a markedly exa.gge:ated response,
manifested by prolonged flushing and other vasomotor and
gastro-intestinal symptoms. These amthors pointed out that
dog liver in vivo has been shown to remove up to 80% of infused
5-HT (Drapanas and MacDonald, 1963).. Allowing the portal
venous contents to by-pass the liver would permit any such
humoral factor to pass directly into the systemic blood in
unusuvally high concentrations. This, they postulated, might

explain the increase in symptom severity.
Some other theories

The foregoing review has of necessity been highly selective,
and has been presented with a view to giving the background
directly leading up to the present work, In addition to the
"humoral" postulate upon which this work is based, a number of
other theories were referred to. Some further mechanisms which
have been suggested as aetiological factors in the dumping syndrome,
but which have not been mentioned in the main argument, include
increased jejunal motility (Culver, 1949; Glazebrook and
Welbourn, 1952), hypokalaemia (Smith, 1951), and adrenal

stimulation (Pontes and Neves, 1953).
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Many workers have reported hypermotility of the small
intestine during dumping, amongst these are Glazebrook and
Welbourn (1952), Jordan, Overton and DeBakey (1957) and
Amdrup, Hjort, and J8rgensen (1958). Although this increased
motility has been considered to be the main cause of the
dumping syndrome (Culver, 1949; Glazebrook and Welbourn,

1952), a number of workers have more recently shown that
hypermotility can be detected only when dumping consists of
intestinal symptoms alone (Cox and Allan, 1960; Christoffersson,
Kewenter and Kock, 1962; Wangel and Deller, 1965). These
workers have found that, in patients exhibiting vasomotor

dumping, the typical motility pattern consisted of a brief
hypermotile burst, followed by an inhibition of motility during
the period of wvasomotor symptoms. The significance of this
finding in respect of the present investigation will be considered
in the discussion. |

Hypokalaemia is not specific to dumping, but accompanies
the deposition of glycogen which follows loading with glucose,
glycogen deposition being associated with intracellular binding
of potassium (Fenn, 1939). Hypokalaemia is not seen when
dumping is provoked with hypertonic saline (Roberts et al, 1954).
The fall in plasma potassium occurs long after the dumping

symptoms have commenced (Roberts et al, 1954; Webber et al, 1957;
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Duthie et al, 1959), and is seen in both gastrectomized and normal,
dumping and non-dumping subjects following ingestion of glucose
(Roberts et al, '1954; Webber et al, 1957). Smith (1951),

who first suggested hypokalaemia as responsible for the dumping
syndrome, was unable to prevent the symptoms in patients by
intravenous infusion of potassium solutions.

Finally, the finding of eosinopaenia, cited by Pontes and
Neves (1953) as one of the signs of increased adrenal stimulation
during dumping in man, could not be confirmed by Roberts and her
colleagues (1954). The other findings of Pontes and Neves,
vwhich include raised urinary uric acid, decreased urinary sodium
chloride, increased endogenous sterold production, and other
changes in the blood, which they claim to indicate increased
activity of the adrenal cortex during dumping, have not been
exanined by other workers. However, it seems reasonable to
expect an increase in adrenal activity as the result of the
stress arising from the intestinal and vasomotor changes of

dumping.

The Present Investigation

The dumping and carcinoid syndromes are alike in many respects.
Both conditions have an intestinal and a vasomotor component.
In both, the vasomotor phase is usually, but not invariably,

dilator, and is often associated with facial flush and sweating.
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In both conditions, 5-HT has been implicated as a possible
humoral factor, but in neither does the release of 5-HT into
the blood stream satisfactorily explain all the aspects of the
condition. In the case of the carcinoid syndrome, the
involvement of a second vasoactive substance, possibly kinin-
like, was postulated (Robertson et al, 1962; Lancet, 1962),
and the release of bradykinin during carcinoid flushing
episodes was eventually demonstrated (Oates et al, 1964;

Oates and Melmon, 1966)., Many workers have suggested the
release of another, unidentified principle during the dumping
syndrome in addition to 5-HT, to explain anomalous results
(e.g. Castenfors, 19613 Sloop et al, 1962; Howe, 1964).
While Silver et al (1965), in a paper published after the start
of this investigation, pointed out that kinin-like substances
are capable of reproducing the symptoms of dumping in man,

and could be involved in the production of the syndrome.

Prinr to the present investigation, A. N. Smith (Zeitlin and
Smith, 1965) had examined 5-HT metabolism during dumping in four
partially gastrectomized male patients. Whole blood 5-HT
levels were measured in their venous blood before and during
vasomotor dumping provoked by oral ingestion of 250 ml, of 20%
glucose. The mean 5-HT concentration, at the height of dumping
symptoms was not significantly greater than the mean pre-dumping

control, In these same patients, the urinary excretion of the.
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5-HT metabolite, 5«HIAA, was measured for a twenty-four hour
period, during which repeated attacks, three or four times
per day, had been provoked by normal food intake. The mean
5=-HIAA excretion of these patients was more than 2,5 times
that measured in seven healthy subjects, and this difference
was highly significant. Since the urinary 5-HIAA estimate '
contained the accumulated excretion resulting from several
dumping episodes for each individual, it was a more sensitive
test for a release of 5-HT (and its consequent breakdown),
than was the measure of blood 5-HT levels in a single dumping
episode for each patient. Thus dumping patients were found |
to have an abnormal indole metabolism, possibly the result of
a release of gut 5-HT into the blecodstream during the syndrome.
However, at the height of the syndrome, the peripheral blood
5«-HT levels, not significantly greater than normal, were
certainly too low to explain the severity of the vasomotor changes
egeen in these subjects.

Because of the similarities between the carcinoid and dumping
syndromes, and because a release of plasma kinin could reasonably
account for most of the vasomotor changes of dumping, the present

investigation was conducted.
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Clinical Material and Procedures

Four patients with post-cibal dumping were investigated.
They were males aged 30 = 55 years, and had all previously had
a Polya partial gastrectomy. They were investigated at least
g8ix months after operation, and were selected because their
vasomotor symptoms took the form of vasodilator, hypotensive
episodes, with marked facial flushing.

For the purposes of the experiment, dumping was provoked by
ingestion of 50 g. glucose in 250 ml. warm water, following over=-
night fasting. Blood samples were taken from an arm:vnin,
before provocation, at the height of the vasomotor symptoms,
and after each attack, and assayed for plasma kinin and kininogen
as described in Appendix 2. The dumping features usually
reached a peak between 10 - 20 mimutes following ingestion of
the glucose solution, and had generally subsided at 30 mirmtes.
The blood pressure and pulse rate were examined while the patients
were standing.

As a conitrol experiment, a placebo of 250 ml. water,
sweetened with saccharin comparable to the hypertonic glucose

dumping stimalus, was administered to three of these patients.

As a further control, 250 ml. of hypertonic glucose was administered

to four healthy male volunteers. In both control experiments,
blood samples were taken before and after the dumping stimulus,

and assayed for kinin and kininogen content.
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Results

Kininogen and free kinin levels were estimated in the venous
blood of these patients before and during dumping. The results
are shown in Table 18, With patient D, one dumping provocation
was carried out; with each of patients A and C, dumping
provocation was carried out twice on separate days. With
patient B, one of the dumping experiments gave unusually high
control and peak free kinin levels (excluded for the purpose of
caloulation of means etec.) and a third experiment was carried
out with this patient. 1In every case, a striking increase in
free kinin ocourred during the syndrome (Table 18; Fig. 7).
The peak levels showed wide scatter, but averaged 37 times the
mean pre-dumping control level, Because of the wide scatter of
the values found, the free kinin levels at the dumping peak
were compared statistically with the pre-dumping control
values. Such calculation is not a statistical analysis of the
experiment, since, because of the scatter, this would require
an imﬁrantioahly large number of subjects to give a'aignificant
answer. It does, however, show whether for this set of results,
the change in levels occurred too often to be explained by the
scatter. The skewness of the values made them unsuitable for
analysis using the usual parametric student 't' test, and the
non-parametric Wilcoxon signed-ranks test (c.v. Documenta

Geigy (1962), P. 191) was used (Appendix 6). The increase in
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I. Levels in dumping patients A = D; dumping provoked
by ingestion of 250 ml. hypertonic glucose.

II, Levels in dumping patients A - C (@), after
ingesting 250 ml. hypotonic saccharin placebo and
in healthy controls E = H (¢) after ingesting
250 ml, of hypertonic glucose.
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free kinin level was found to be highly significant, with

a P£C.0l. 1In every case, too, simultaneously with the
increase in free kinin level, a fall in plasma kininogen was
observed (Table 18; Fig. 8). The mean level of kininogen
at the dumping peak was T5.8% of the pre-dump control value,
and this change, too, was highly significant.

The :!.ncrease in free kinin~like activity and fall in
kininogen level for each patient was coincident with the
appearance of facial flushing, and a transient hypotension
(Fige 9), which usually occurred 10 - 20 minutes after
provocation.

To assess whether the kinin release was truly related to the
dumping syndrome in these patients, and was not merely a non-
specific response produced by ingesting 250 ml. of fluid, or
perhaps by the emotional stress of sample taking, a sham
experiment vas carried out with three of the four patients.
Provocation of the syndrome was attempted with a placebo
consisting of 250 ml. of saccharin-flavoured water. 1In no
patient did dumping symptoms occur, nor was there an increase
in plasma kinin activity (Table 18; Fige. 7). The mean decrease
in plasma kininogen for the dumping patients (1.6 pg. BK Eq.

per ml. plasma) when provoked with glucose, was greater than the
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change seen after saccharin placebo (0.2 pe. BK Eq. per ml.),
and this difference was significant (P = 0,028).

Finally, to determine whether the kinin release found in
the dumping patients was directly related to their dumping
syndrome, and not merely an unrelated effeot of ingesting
hypertonic glucose, 250 ml. of hypertonic glucose was
administered orally to four healthy volunteers. Again, in
these individuals, no significant symptoms, nor change in
free plasma kinin was detected, and the mean change in plasma
kininogen level (0.125 pg. BK Eq. per ml, plesma) wes significantly
less than that seen in the dumping patients when provoked with

hypertonic glucose (P = 0.014).

4. Characterization of Bradykinin-like Activity

The free kinin-like activity found in human venous blood
samples in the presence of vasomotor dumping symptoms was shown
to be bradykinin-like. The characterization tests have been
necessarily limited owing to the small gquantity of kinin-like
activity available., However, it has been possible to carry
the tests a stage further than those used on the carcinoid
seamples. As was found with the carcinoid samples, the active
prineiple contracted the oestrus rat uterus in the presence of
atropine and BOL, upon which it was routinely assayed, and

relaxed the isolated rat duodenum (Fig. 10). As was also
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described in the carcinoid section, by this means it was possible
to distinguish the principle from catecholamines, histamine, gastrin,
acetyl choline, 5-HT, substance P, angiotensin, and SHi-A.

In addition to this, activity from two dumping patients was
destroyed when incubated with chymotrypsin (1 mg./ml.) in
de Jalon's solution, at 37°C, for one hour (Table 19 (a)).

One incﬁbation experiment was assayed using the isolated rat
uterus, and the chymotrypsin was found to have destroyed all but
2.5 of the activity measured in the control incubated in the
abgence of chymetrypsin. The other.wés aséa&ed on rat duodenum,
and the residual activity was found to be less than 5.0% of

that measured in the control. The ghvmotrgpﬁic degradation of
the active principle demonstrated its polypéptide nature.

The most conclusive evidence for the identification with :
bradykinin of the oxytocic activity released during dumping, was
given by parallel bio-assay on three different tiasuea; Activity
from one sample was compared with standard gynthetic bradykinin
using three different bio-zssay tissues, the oestrus rat uterus,
the guinea pig ileum, and the rat duwodenum. Wwhen all three
estimates were divided by the lowest estimate to give the indices
of diserimination (Caddum, 1955), they were found to be in the
ratio of 1l.1: 1.,0: 1.0 for the rat ufafua, gﬁiﬁsa pig ileum, and

rat duodenum reﬁpectively (Table 19 (b)). This indicates that
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Table (a]
Kinin-like Activity
s (ng. BK Eq./ml.) Residual Activity
Sample Tissue Control Control + % of g:ntrol
Chymo= ol
Trypsin
D (1) Rat 50 0475 2.5
Uterus
b (9) Rat 150 <745 <540
Duodenum
Table (bl
Sample D (2)
Total Kinin Content of ixtract Index
Assay Tissue _ (nge BK Ig.) of
Liscrimination
Brackets Assay
Rat Uterus 2%32.5=252.5 242.5 1.1
Guinea Pig 176.4=264.4 220.5 1.0
Ileum
Rat Duodenum 142.9=285.T 21443 1.0
Table 19

(a) Destruction of Free-Kinin Activity from Dumping Patients by
Incubgtion with Chymotrypsin (1 mg./ml.) in de Jalon's solution
at 37 C for one hours ' =LA - .

(b) Parallel bio-assay of Free-Kinin Activity from a Lumping Patient
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each of the three tissues has almost the same sensitivities to
both the active principle and bradykinin. This is unlikely to
be the case if the two were not the same or very similar .
substances.

Finally, as has already been shown, the appearance of raised
kinin-like activity was associated with a decrease in the plasma
level of kininogen (Fige. 8)« In fact, this fall in precursor
level was directly related to the size of the increase in free
kinin activity over the pre-dumping control level (P 0.05)

(See Appendix 6), the greater the kinin releasse, the greater the
fall in precursor level.

Thus the evidence indicates that the activity found in
human bloodé in the presence of dumping vascdilatation was a peptide,
probably originating from & plasma kinin precursor protein. It
was plasma kinin-like, and unlikely to be due to catecholamines,
histamine, gastrin, acetyl choline, 5=-HT, substance P, angiotensin,
and SRS-A., (Guantitative parallel bio~-assay showed that the

activity was closely identified with bradykinin,

Discussion

The similerity between the carcinoid and dumping syndromes
in their haemodynamic pictures, their changes in intestinal motility

and in their as yet unclear association with indole metabolism,
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has been remarked upon by several authors (e.g. Sloop et al,
1962; Howe, 1964). This similarity has now been shown to
extend to the release of plasma kinin during the vasodilator
phase seen in many dumping patients.

The levels of plasma kinin and kininogen were examined
during dumping in four male patients with partial gastrectomy.
Their symptoms were characterized by syncope-like, hypotensive,
vasodilator episodes., The symptoms were provoked by drinking
a standard stimulus of 250 ml. of warm 20% glucose solution
(isotonic = 5.34% glucose). In every case, with the onset of
flush and hypotension 10 - 20 minutes after provocation, a dramatic
rise was detected in free plasma kinin, characterized by parallel
biowassay and chymotrypsin degradation. This was associated
with a fall in plasma kininogen. The changes in kinin and
kininogen levels were directly related to the appearance of the
patients' dumping symptoms. When the glucose stimulus was
replaced by a saccharin flavoured placebo, neither the symptoms
nor the kinin or kininogen changes were provoked. When the
glucose stimulus was given to four healthy males possessing
intact gastro-intestinal tracts, again neither symptoms nor changes
in plasma kinin were seen.

The severity of the vasomotor aymptoms were clearly related
to the size of the kirin relezse, and there was a clear

correlation between the maximum mean drop in systolic blood pressure
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for each dumping patient and his mean peak free-plasma-kinin
level (P<0.05) (See Table 20). The release of plasma kinin
as indicated by these results could thus reasonably account for
the vasodilatation seen in the dumping syndrome.

Such a kinin release might provide one expianation for
a puzzling aspect of the dumping syndrome. Hypermotility of
the small intestine during dumping attacks was observed by,
amongst others, Glazebrook and Welbourn (1952) and Jordan,
Overton and DeBakey (1957), and this was generally believed to
be the major intestinal symptom., However, not all patients
with dumping syndrome showed this symptom. For instance,
Jordan et al, (1957), found that 4/20 of their patients showed
dumping symptoms and no increase in intestinal motility.
More recently, improved technigues and a more critical analysis
of the intestinal changes have shown that increased motility
occurs as a major symptom only when there are no marked vasomotor
symptoms. When vasomotor dumping occurs there is a2 brief
hypermotile burst lasting from two to eight minutes (Christoffersson,
Kewenter and Kock, 1962; Wangel and Deller, 1965), followed by
a prolonged inhibition of motility which coincides with the
vasemotor symptoms (Cox and Allan, 1960; Christoffersson,

Kewenter and Kock, 1962; Wangel and Deller, 1965).
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In vitro, in guinea pig ileum (Beleslin, Bogdanovié and
Radmanovil, -1964) and in humen.jejunum, ileum and colon
(Pishlock, 1966), it has been shown that while bradykinin
contracts the longitudinal muscle, it relaxes the circular
muscle and inhibits peristalsis. Intravenous infusion of
bradykinin in the cat and rabbit produces inhibition of intestinal
motility (Bauer, Gmeiner and Winkler, 1966). In man, while it
is known that intravenous bradykinin inhibits colonic motility
(Murrell and Deller, 1967) its offect on the small intestine is
not yet known, however the in vitro resulis suggest that here
too it would inhibit motility. It is possible that the vasomotor
changes of dumping provoke the release of adrenaline into the
circulation and consequent intestinal hypomotility. However,
the coincidence of railsed levels of plasma kinin with vasomotor
dumping might also reasonably explain the inhibition of intestinal
motility.

The many similarities between the carcinoid and dumping
syndromes have already been discussed, but with respect at least
to kinin release in the two syndromes, it seems likely that there is
a fundamental difference. laised levels of a kinin-releasing
enzyme have been found in carcinoid tumour and in blood during
the carcinoid syndrome (Oates et al, 1964); and this provides
a likely explanation for the origin of the raised levels of kinin

in this condition.
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It seems unlikely that kinin released in the dumping syndrome can
be attributed to a similar proliferation of kallikrein-containing
cells, since it is a common observation that intrajejunal solutions
can produce typical vasomotor dumping symptoms in perfectly
healthy normal subjects (e.g. Machella, 1949, 1950, and others).
The intestinal mucosa has been shown %o contain kinin-releasing
enzyme (Amundsen and Nustad, 1965). It is possible that gut
hypermotility, contact with hypertonic solution, or distension of .
the intestinal wall may cause release of intestinal stores of
kallikrein, similar to the release of 5-HT which is known to
occur under such conditions. . Another possibility, discussed in
the following section, is that plasma~kinin release is secondary

to the release of 5-HT or adrenaline.
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S A RESULT OF PHYS

IOLOGICAL STRESS OR OF RAISED

CIRCULATING LiVELS OF 5-HT OR ADRENALINE IN MAN AND DOG

Rationale

The experiments described in this section were prompted by,
three separate lines of thought. As has already been discussed,
results presented in the literature indicate the release of 5-HT
into the circulation as a factor in both the carcinoid and dumping
syndromes. It has been shown that during carcinoid flush, raised
levels of bradykinin may be found in the ecirculation., It has
been further shown that plasma-kinin release can occur, not only
during the carcinoid flush, but also during the vasodilatation
often seen during dumping. Oates and his colleagues (1964)
produced results indicating that the carcinoid tumour tissue itself
contains abnormally raised levels of kinin releasing enzyme.

These workers concluded that it is enzyme released from this source
as a result of suitable provocation, rather than activated plasma
kallikrein, which produces the vasomotor symptoms of carcinoid
syndrome. [For the reasons discussed in the previous section,

a similar mechanism cannot be proposed for kinin release in dumping.

The plasma kinin release fo;nd in the clinical conditions
may be secondary to the release of another humoral principle, such

as 5«HT, from the gut or tumour tissue, or adrenaline from the



‘178

adrenal medulla. In both the dumping and carcinoid syndromes,

not only has 5-HT release been implicated, but also both

conditions are precipitated or exacerbated by emotional or other
types of stress which may cause sympathetic stimulation and
adrenaline release; while the intestinal symptoms of these
conditions, in themselves, provide sufficient stress to stimulate
further adrenaline release. The carcinoid syndrome, in particular,
may be provoked by intravenous injection of small amounts of
adrenaline (Robertson et al, 1962; Oates et al, 1964).

A possible relation between physiological stress, raised
circulating adrenaline and kinin release, is indicated by two further
sets of evidence. As long ago as 1917, Bainbridge and Trevan
(Hedical Research Council Report, 1917) had found that infusion of
adrenaline in anaesthetized doge produced only transient hypertension,
followed by a fall in arterial pressure and circulatory failure.
This finding was confirmed by other workers in both unconscious
and conscious dog (lrlanger and Gasser, 1919; Freeman, 1933;
Freeman, Freedman and Miller, 1940). Blacket, Pickering and
wilson (1950) found that infusion of both adrenaline and
noradrenaline produced a similar result in rabbits, and postulated .
the release of a vasodilator substance into the bloodstream to
explain it, It has been suggested that this vasodilatation is
neurogenically mediated (e.g. Barcroft and Swan, 1953). The

results of Lever, Mowbray and Peart, (1961), who used completely
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denervated dog and rabbit muscle test preparations, indicated
that during and following noradrenaline infusion in intact dog
and rabbit, a vasodilator substance is released into the
circulation, and that its presence coincides with the period of
hypotensions.

In man, facial flushing and hypotension following termination
of adrenaline and noradrenaline infusions have been described
(Green, Johnson, Lobb and Cusick, 1948; Lever et al, 1961),
while flushing, excessive sweating, and vasomotor collapse may
often be seen in patients with adrenaline secreting phaeochrome
tumours (Barcroft and Swan, 1953). In order to explain the
different actions of adrenaline when infused in man intra-
arterially (transient vasodilatation) and intravenously (transient
large dilatation followed by smaller, contimwous dilatation),
whelan (1952) postulated the release of a secondary dilator
substance into the circulation during intravenous infusion. It
is now widely believed (Whelan and de la Lande, 1963) that most,
if not all of the effects so far described can be explained purely
in terms of Ahlquist's (1948) concept of ox-(constrictor), and ﬁ -
(dilator) receptors for the catecholamines. However, the
demonstration of the release of an "isoprenaline-like" vasodilator
principle in cats and rabbits folloying intravenous adrenaline
(kakins and Lockett, 1961; Roberts énd Lockett, 1961) suggests

that Ahlquist's theory may provide only part of the answer.



180

A third consideration is provided by examining the relationship
between fibrinolysis and kinin release. Figure 1l presents, in
gimplified form, some associations between reactions which are
definitely known to ocour. Relationship (1) is a well known
physiological observation and requires no further illustration, and
relationship (2) has already been discussed in the preceding paragraphs.

One of the earliest recorded observations describing fibrinolysis
was that of John Hunter (1794), who noted that in cases "of sudden
death produced by many kinds of fits, by anger, electiricity ... Oor by
a blow in the stomach ....", the blood did not clot when removed
from the body. It was later shown that clotting did ocour, but that
the clots dissolved spontaneously. Dastre (1893) observed this
phenomenon in blood taken fxom dogs in severe haemorrhagic shock, and
termed it "la fibrinolyse". The finding of increased fibrinolysis
during shock and severe physiological stress is well substantiated
(e.v. Macfarlane, 1964), Increased fibrinolysis has alsoc been
demonstrated in milder forms of stress (Fig. 11, Reaction 3), such as
acute enxiety (Macfarlane and Biggs, 19463 Ogston, MeDonald and
Pullerton, 1962) and heat stress (Bedrak, Beer and Furman, 1963), and
has been shown by many vorkers to ocour during exercise (Biggs,
Macfarlane and Pilling, 1947; Cash, 1966; Menon, Burke and Dewar, 1967;
see last two papers for further references). The activation of
fibrinolysis by adrenaline (Relationship 4) was first observed by
Biggs et al (1947) and has since been confirmed many timee
(eev. Macfarlane, 1964).
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Fig. 11: Some relationships of the kinin-forming system.
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The faot that plasmin, the fibrinolytic enzyme, can cause the
release of plasma kinin (Pig. 11, Reactions 5 and 6) and has been well
established, although the exact mechanism of this action is still under
discussion (see Gemeral Introduction, P. 44). Rezctions 7 and 8 in
the figure, the release of plasma kinin by activated plasma kallikrein,
and the pharmacological actions of plasma kinin, are now well known, and
have been described in the General Introduction.

Thus through the consideration of a number of well established
experimental relationships, it can be seen that symptoms produced by
adrenaline infusion, exercise and physiological stress, may be reasonably
attributed to the release of plasma kinins. As the result of the fore-
going arguments, kinin release was investigated in man during certain
types of stress, and in the dog during intravenous infusion of 5-HT and

In this study, 5 dogs were given a thirty mimute intravenous
infusion of 5~HT in saline (20 - 80 mug./kg./min.), 5 dogs were given
a thirty minute infusion of adrenaline (2 « 4 mg./kg./min.), and 2
control dogs were given a hundred minute infusion of physioclogical saline
(0.9%)s Arterial blood pressure and cutaneous temperature changes were
monitored, and venous plasma kinin levels were estimated., Because of
the lengthy nature of the purification and assay procedures, the number
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of samples (six or more) obtained at each experiment, and the limited
time available, it was not always practicable to measure simultaneous
kininogen levels in this series of experiments. The dog was used,

since it is the only animal, other than man, in which the "dumping
syndrome” has been described, and has been widely used as an experimental
animal for this purpose.

Method

Dogs of either sex and various breeds were used, with weights
ranging from 7 - 20 kg Anaesthesia was carried out using Nembutal
(26 mg./kg.) administered via the cephalic (paw) vein. Following
anaesthesia, an endotracheal tube was routinely inserted. Infusion of
the test drugs was carried out by cutting down on to the femoral vein,
and cannulating it using a suitable bore Portex nylon intravenous
cannmula., The cannula was fed into the vein to a depth of approximately
10 om. On the oceasions when deep cannulation wae not carried out,
particularly during 5-HT infusion, infusion flow was impeded, probably
by thiunbosia or venoconstriction.

Usually on the same side and through the same dissection, the
femoral artery was similarly cannulated for measurement of arterial
pressure changes. Pressure was measured using a Statham pressure
transducer and Devices Multichannel Recorder. The arterial canmula
was filled with heparinized saline (5 Units/ml.). Changes in cutaneous
temperature were detected using a thermistor (a temperature semsitive
resistor), which was set in one arm of a suitably balanced Wheatstone

bridge, and the null point was detected using a sensitive volimeter.
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The thermistor was placed in close contact with shaved skin on the
ear or belly, and changes in cutaneous temperature produced changes
in its resistance. This caused an imbalance in the Wheatsbone
bridge, with a resultant deflection on the voltmeter. The size
of this deflection gave a qualitative indication of the size of
the temperature change. The true temperature at the thermistor
depended not only upon the blood flow to the skin, but also upon
the rate of heat loss from the skin, and this in turn depended
upon the ambient temperature. It was thus not practicable to
calibrate the device. Readings were allowed to reach a‘steady
state during the control period. Venous blood sampling was
carried out via a siliconized Rochester needle, which was inserted
percutaneously into the extermal Jjugular vein. In some experiments,
attempts were made to draw samples from the cephalic vein, however,
not only was this arrangement prone to blockage by clotting, but
during both 5-HT and adrenaline infusion, venoconstriction severely
limited the rate of outflow of bloods The blood was drawn inte
a disposable syringe, and treated as described in Appendix 2 for
the assay of plasma kinin or kininogen.

Infusion was carried out using either a Palmer infusion motor
driving a 20 ml. plastic syringe or a peristaltic pump set to
deliver 0.5 ml. per mimute. Infusion of physiological saline
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(0.9% NaCl) was continued for at least thirty minutes during
which control blood samples were obtained. Following this,
the animals were infused, for thirty to forty minutes at

0.5 ml./min., with saline solutions containing various
concentrations of 5-HT or adrenaline. On two preliminaxy
test dogs, different concentrations of 5«HT and adrenaline
vere tested, and the minimum concentrations to be used were
arbitrarily selected as the lowest which still caused dramatic
changes in blood pressure and respiration, The lowest
effective infusion rate of 5-HT was 2 pg./kg./min., however,
20, 40, or 80 pg./kg./min., were used. The lowest infusion
rate of adrenaline was 2 pg./kg./min.y and, in the five dogs
described in the adrenaline series, both 2 and 4 ug./kg./min,
were used (see Table 21). The one dog in which 8 pg./kg./min,
was infused immediately went into ventricular fibrillation,

and could not be revived.

Results
tamine ion

In each of the five dogs without exception, the cutaneous
blood flow, which remained stable during the thirty minute
control infusion of saline, was markedly increased during the
intravenous infusion of 5-HT (20 - 80 pg./kg./min.) (Fig. 12).

The arterial blood pressure, although unpredictable in its
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CHANGE IN CUTANEOUS BLOOD FLOW DURING INTRAVENOUS INFUSION OF 5-HT
IN THE DOG.
i H (1) infused with 20 pg/Kg/min
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Fig. 123 Change in cutaneous blood flow during intravenous
infusion of 5-~HT in the dog. Dotted line indicates
end of drug infusion. The axes are adjusted so
that the mean control value is zero in each experiment.
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SYSTOLIC and DIASTOLIC ARTERIAL BLOOD PRESSURE
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Fige 131 Changes in arterial blood pressure during intravenous
infusion of 5-HT in the dog. (Dotted lines indicate
end of 5-HT infusion).
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PLASMA KININOGEN CHANGES DURING 1.V. 5-HT INFUSION IN THE DOG.
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Fig. 14t Changes in plasma kininogen and haematocrit during

intravenous infusion of 5-HT in the dog.
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initial changes, slowly fell during the course of the infuaion
in four out of five animale (Fig. 13).

In only two blood samples from two cdifferent dogs
(H=4 and 5) could any free kinin activity be detected
(13 and 10 ng. BK Eqe. per ml. plasma), These occurred during
saline control infusion periods, and were considered too low to
be of significance. In two of the five dogs, plasma kininogen
levels were also measured (Fig. 14)¢ In both animals, a marked
fall in kininogen was observed following c¢ommencement of 5=HT
infusion (80 pg./kg./min. ).

(ii) Adrenaline Infusion.

Five dogs were given an intravenous infusion of adrenaline
(2 or 4 Fg./kg./min. )e Of these five, two (A-land A-4) had
detectable, but low, levels of free kinin present in their venous
plesma during the control infusion of saline (Tabie 21; Fig. 15).
In these two animals, however, when the saline control infusion
was rapiaced by adrenaline, 2 pg./kg./min. in the one, and
4 pg./kg./min. in the other, a dramafic increase in free kinin
was detected. In the first animal, the peak level reéched was
60 ng. BK Eq. per ml. plasma, a2lmost six times the control levelj;
in the second animal, which had received the higher dose ‘of
adrenaline, the peak lavel reached was 328.2 ng. BK Eq. per ml.,

about 130 times the control level.
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Free Kinin Levels and Haematocrit Values during Intravenous Infusion

of Adrenaline in the Dog.
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FREE PLASMA KININ LEVEL AND HAEMATOCRIT DURING
* ADRENALINE INFUSION IN THE DOG
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Fig. 15: Changes in free plasma-kinin and haematocrit during

intravenous infusion of adrenaline in the dog.



192

CHANGE IN CUTANEOUS BLOOD FLOW DURING INTRAVENOUS
INFUSION OF ADRENALINE [N THE DOG.

Flow is assumed to be a function of
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Fig. 162 Changes in cutaneous blood-flow during intravenous
infusion of adrensline in the dog.
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SYSTOLIC AND DIASTOLIC ARTERIAL BLOOD PRESSURE DURING
INTRAVENOUS INFUSION OF ADRENALINE
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Fig. 17s Changes in arterial blood pressure during intravenous
infusion of adrenaline in the dog. The dotted lines
represent the end of adrenaline infusion.
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PLASMA KININOGEN LEVEL AND HAEMATOCRIT
DURING ADRENALINE INFUSION IN THE DOG.
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Fig. 18: Changes in plasma kininogen and haematocrit during
intravenous infusion of adrenaline in dog A = 2.
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Of the five dogs, cutaneous blood flow was monitored in four
(A=2 to A=5) (Pig. 16), including one.(A=-4) of the two in which
kinin release was detected. In all of the animals, the skin
tenperature was steady during the thirty minute control saline
infusion peried. Following commencement of adrenaline infusion,
in three animals (A2, 3, and 5), an initial fall in skin blood
flow was detected.: In two of these, flow increased
spontaneously as the infusion contimued, while in the third it
continmued to fall until the infusion ceased. In one animal
(A=4) skin blood flow increased immediately following commencement
of infusion, and no initial vasoconstriction was zeen., This was
also the animal in ﬁhioh kinin release was detected.

Arterial blood pressure was measured successfully in three
of the five animals (4-3, 4, and 5), serious clotting invalidating
the measurements from the remaining two. Although kinin release
occurred in A-4, and not in A-3 or A-5, there was very little
difference in the pattern of pressure change seen in these three
animals (Fig. 17).

Plasma kininogaﬁ was measured in two dogs during adrenaline
infusion, in A=2 and in C=l. The latter animal was one of two
control dogs, infused with saline for a hundred minute period.

At the end of this time, however, in the one animal, 2 pg./kg./min.
adrenaline was infused. The kininogen level,.uhich had been ..

fairly constant during the hundred minute control infusion (Fig. 19)
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PLASMA KININOGEN LEVEL AND HAEMATOCRIT DURING PROLONGED INFUSION OF

SALINE,AND DURING ADRENALINE INFUSION
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Fig. 19:¢ Plasma kininogen and haematocrit levels in a dog
during a 100 minute control saline infusion; and
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fell a little at the start of the infusion, and then rose to.
more than twice the control value. A similar incredse was

also seen in the second dog (iig. 18).

(iii)Control Infﬁsioqg.

In addition to the thirty minute control saline infusion
carried out on every animal prior to the infusion of the drugs,
two dogs were infused with saline for one hundred minwtes, being
approximately the total time for which a dog in either test
group was submitted to infusion. In no sample obtained from
either animal was there any detectable free kinin, 1In the one
animal in which kininogen was also estimated, the level

' increased slightly during the infusion (Fig. 19). Skin blood

flow and blood pressure were unchanged throughout the infusion,

3¢ Kinin Release during Physiclog cal Stress in Man.

a) Introduction.

In the present research, free plasma kinin and kininogen
levels have been estimated in man during two types of stress
situation. Free kinin levels have been estimated during
vasovagal syncope, presumably the result of the emotional stress
of sample taking, in two otherwise normal healthy young men. The
subjects were controls in the normal free kinin, and bradykinin

recovery series and as the result was not anticipated, simultaneocus



(1)

198

plasma kininogen levels were not assayed. For obvious reasons,

it has not been possible to repeat this experiment at will.
Plasma kininogen levels have been estimated in two healthy

male subjects, while undergoing a standardized exercise

procedure sufficient to produce flush and sweating. These two

subjects formed part of a pilot group of six for whom free

plasma kinin levels were being assayed during exercise. However,

for reasons beyond the control of the author, experimental

conditions were altered in an uncontrolled manner during the

free kinin extraction, and the free kinin results are too

unreliable to be quoteds The change observed in the plasma

kininogen level in the two subjects in whom this was assayed, was

so unexpected that these results will be described.

Methods.,

Vasovagal Syncope.

As already stated, the subjects were two apparently-normal
healthy males, aged 20 and 27 years. They were acting as controls,
one in the Normal Free Kinin series, the other in a bradykinin
recovery experiment. OSampling and assay were as described in
Appendix 2, There was nothing unusual about the venous sampling
procedure for these two subjecis. The samples were taken from
the two subjects cn different weeks, and assaysd on separate

occasions., In each case, the subject was unusually apprehensive
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prior to sampling, and collapsed while the blood was being
withdrawn. In neither subject, following recovery, was there
any unusual symptom, or subsequent history of illness. OCne of
the two subjects volunteered again‘at a later date, and no

abnormal symptoms were seen during sampling on this occasion.

(1) Physical ixercise.

The subjects rested, lying down, for thirty minutes before
the control blood samples were taken. Following the initial
venepuncture, each subject walked at 3.4 m.p.hs and 120 strides
per minute, on a treadmill at 5 degrees elevation for a peried
of 16 minutes, After the first 8 minutes, the subject left
the trezdmill for 60 to 80 seconds while a second blood sample
was removed. At the completion of the exercise, a third and
final sample was ?aken. The samples were assayed for kininogen
content as described in Appendix 2. The standardized exercise
uséd was that described by Cash (1966), as this was already
known to activate proteolytic enzymés involved in fibrinolysis.
The subjects were two healthy male volunteers aged 28 years (C)

and 22 years (D).
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(e) Results.

(1) Vasovagal Syncope.

The results are shown in Table 22 (a). In subject 4,
a 20 year old male, a free plasma kinin level of 3l.1 ng. BK Eq.
per ml, of plasma was measured during fainting., This was
11 times the mean normal level for the method, of 2.8
(8e@s = 1.7) ng. BK Eq. per ml. of plasma (measured in 16 males).
In subject By, a 27 year old male, a free kinin level of
30.1 ng. BK lig. per ml, plasma was found. This was approximately
10 - 11 times the mean normal level., In this subject,
a subsequent sample some months later, taken in the absence of
symptoms, was found to contain less than 2.7 ng. BK Eqe. per ml.

plasma.

(11) Physical ixercise.

The results are shown in Table 22 (b). As can be seen from
Fig. 20, the level of plesma kininogen had markedly increased in
both of the subjects examined after 8 minutes, in one case the
level reaching nearly double the control level. By 16 minutes
the level had failen, but was still, in both cases, clearly above
the control. Jluring the exercise, it was found that the packed
cell volume increased, with thus a concommittant decrease in
plasma volume. Buch a plasma volume decrease could produce an

apparent increase in plasma kininogen level, However, as can be
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Subiesh Free Plasma Kinin Packed Cell

: s (nge BK Eq./ml. Plasma) | Volume %
Mean Normal Level 2.8 (8.d,=1.7)

(16 males)
Subject 4, during 51l 51.8

syncope.
Sfubject B, during 30.1 50.2

syncope. '
Subject B, no 2.7 4845

symptoms.
Table 22 (a)

Free Kinin Levels during Fainting in Two Subjects
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CHANGES IN PLASMA KININOGEN LEVEL DURING EXCERCISE
IN TWO NORMAL MALE SUBJECTS,
PLASMA KININOGEN & HAEMATOCRIT
*7o OF CONTROL

190 4
180
170 4
150-]
150
140
130 4
120

110

100

Tsum OF EXCERCISE

Fig. 20: Changes in plasma kininogen level and haematocrit in
two human subjects during moderate exercise.
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seen from Table 21 (b), the maximum changes in packed cell
volume were less than 107 of control, and could not account
for a kininogen change of more than 90% in the one case,
and more than 30f in the other. In view of the earlier
findings of kininogen fall during kinin release in the
carcinoid and dumping syndromes, these results were unexpected,
fEae plasma kinig estimations were carried out on the
samples drawn from both these subjects and four similar
subjects, However, controls included with these kinin
extractions showed an added bradykinin (250 ng.) recovery of
20%. The extraction procedure used with these samples, the
only ones not processed personally by the author, differed from
the normal routine. They were allowed to stand for an
unspecified, but lemgthy period (one hour or more), at room
temperature in acid saline contained in unsiliconized glassware.
No free kinin was detected in any sample. Lack of time, and

facilities did not permit a repetition of the experiment.

Discussion.

S=-Hydroxytryptamine Infusion in the Doge

The work so far described indicates that plasma kinin release
occurs in two pathological conditions in which there is also some
evidence for the release into the circulation of 5-4T., To

determine whether raised levels of circulating 5=-HT would activate
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plasma kinin releasing enzymes, varying concentrations of 5-HT
(20, 40 and 80 pg./kg./min.) were infused intravenously in five
dogs. ot

In all but one animal, after an initial unpredictable change
the arterial blood pressure slowly fell during the infusion,
With the onset of 5-HT infusion, in every animél, the cutaneous
temperature rose indicating a marked increase in skin blood flow
(Fig; 12); As the infusion cdntinued, the blood flow eventually
reached a plateau and started to fall as soon as the infusion
was discontinued. This was in contrast to the finding of Fox,
Goldsmith, Kidd and Lewis (1961) who measured not the temperature
but the skin heat loss in man; these workers found that 5eHT
produced a marked vasoconstriction.

A remarkable aspect of the skin flow measurements in the dog
was the fact that the peak blood flow achieved appeared to
decrease with increasing doses of 5-HT (Table 23 (a)). Three dose
levels were used, one dog being infused with mD)ug./kg./min. of
5-HT, two dogs at 40 pg./kg./min. and two dogs at 80 pg./kg./min,
Plotting tﬂe reciprocal of the mean peak blood flow at each dose,
against the dose, shows that the peak fiow is inversaly proportional
to the dose (Fig. 21). This finding is in contrast to the chahge
in arterial blood éressure, since innréﬁaing the dose caused
increased hypotension. After thirty minutes' infusion of

20 pge/kgs/min, of 5-HT (Table 23 (b)), the mean blood pressure
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e Dose of 5-HT ,ngikagi:;’:g Mean Peak |1/(Peak Blood
Pee/kg./min, (Axbitiay Dnits) Blood Flow Flow)
Hel 20 2.7 2.1 0.37
He23 H~4 40 1.33 1.4 138 0.74
He3; He5 80 0.73 0.7 0.7 1.43
Table 23 (a)

Relationship Between Peak Cutaneous Blood Flow and Dose of 5-HT

Infused Intravenously in the Dog
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GRAPH OF RECIPROCAL OF MEAN PEAK SKIN BLOOD FLOW
DURING 5-HT INFUSION, AGAINT DOSE OF 5-HT.

1f’[mx BLOOD FLOW ]
i

-

41 DOGS 3 & §

-2

1.0 4

-

0.8

—

00GS 2 & &

0-6 1
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0 20 L0 60 80 100 wg/Kg/min

Fig. 21: Graph showing inverse relationship between the peak
cutaneous blood=flow and dose of intravenous 5-HT
in the dcg ©
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had risen by 13.4 mm. Hge above the average control value;
however, doubling the dose produced a mean fall of 23.7 mm« Hge
whilst infusion of 80 Fg.;/kg./mim caused a mean fall of

494 mm, Hg. This result is not easy to interpret. If, a=
found by Fox et al (1961), 5-HT is in fact constrictor té the
skin vessels although dilator to other vasculaf beds, then
possibly the infusion is causing the release of a dilator
substance such as histamine (Féldberg and Smith, 1953) or plasma
kinin, This secondary cutaneous dilatation would then be
increasingly antagonized by the increased doses of 5-HT. ©Sueh
a concept would be in accord with the increasing hypoetension
with higher dome levels.

In the two dogs in which plasma kininogen levels were measured,
the levels fell by 60 and 307 respectively, indicating the release
of plasma kinin, Neifher in these, nor in any animal in which
5=HT was infused, were significant levels of free plasma kinin
detected. These two results are hard to explain unless 5=-HT can
cause increases in plasma kininase activity masking an increase -
in kinin formation, or possibly the para-capillary circulation
is slowed so that kinin formed there is destroyed before reaching
the blood-stream. The kininogen might also be lost in some way

other than kinin release, such ae by leakage into the lymph.



b)

210

Adrenaline Infusion in the Dog.

Of the dogs infused with 5-HT, two out of the five animals
had detectable but low levels of free kinin in their blocd during
the control saline infusion. ‘Two out of the five dogs
(A=1 and A=4) infused with adrenaline also had low levels of
free kinin (11,1 2nd 2.6 ng. BK.Eq. per ml, plasma respectively)
in their control blood samples. In these two animals only,
vhen the adrenaline infusion was started (2 and ‘4 pg./kg./min.
respectively) a dramatic increase in the free plasma kinin level
occurred. The peak kinin level was greater in the animal
(328 ng. BK iEq. per ml, plasma) receiving the higher concentration
of adrenaline than in the animal (63.2 ng. BK kg. per ml. plasma)
receiving the lower concentration.l In no sample from any other
animal was there a detectable level of free kinin.

The adrenaline infusion produced a steep fall in skin
temperatﬁra indicating vasoconstriction in those animals in which
no kinin release occurred. The appearance of raised levels of
bradykinin coincided with the onset of cutaneous vasodilatation.
This vasodilatation was small wien compared with the vaso-
constrictor effect seen, and it seems certain that much of the
dilator effect was masked by the consirictor azction of adrenaline.
The arterial blood pressure changes in this animal were not

discernibly different from those in the dogs in which no kinin
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release had occurred, however blood pressure is less sensitive

to the action of bradykinin than is cutaneous vascular tone

(Fox et al, 1961), Although the_éoale of this experiment was
too small to permit any general conclusions to be drawn, it

does indicate that raised circulating levels of adrenaline may,
in some animals provoke the relesse of plasma kxinins., Such

a finding may ;xplain fhe occurren;a of angmaloua vasodilatation.
Simultaneous free kinin and kiﬁinogen levels were assayed in only
two dogs during adrenaline infusion. While there wére ﬁo |
detectable levels of free plasma kinin in either of these animals,
the adreﬁaline infusion produced a quite surprising increase in
the plaéma kininogen 1évela. The kininogen level doubled in

one animal, and in the other, reached neafly thrée times.the
control level., These results are of greater interest when

related to the plasma kininogen changes seen in two human

volunteers undergoing moderate exercise.

Kininogen Levels luring lxercise in lMan.

One of the features of the kininogen estimations in dumpiné
patients was the rapid recovery of the plasma kininogen level
following the initial fall during kinin release. In all but one
dumping experiment, the level had markedly increased by the time |
symptoms had ceased some 1@ - 15 minutes following the peak of the

vasomotor effects. The origin of this additiona2l kininogen was
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not known, In the normzl individual the plasma kininogen
level is fairly constant, so if the increase in level ig the
direct resilt of synthesis; it must occur during either sube
normal destruction or super-normal synthesis of kininogen.
There may be a kininogen pool independent of that in the
circulating plaama, perhaps in thelspleen or liver. ' Then, the
rapid replacement of kininogen might merely be the result of
equilibration between the two pools.

The phenomenon occurred again when changes in plasma
kininogen level were examined in two human volunteers during
miléd physical exercise. These individuals were subjected to
a standard moderate exerciseé procedure vhich had been shown by
Cash (1966) to induce fibrinolysis in most subjects. In both
individuals, the plasma kininogen had increased markedly after
8 minutes exercise, increasing by almost a third in the one case
and nearly doubling in the other. After 16 minutes of exercise,
the kininogen levels had fallen from thies peak but were still
well above the control levels. These findings are consistent
with the existence of a kininogen pool in the body, apart from
that in the general circulation. If transfer of kininogen into
the circulation were to ccincide with increased utilization, the
plasma kininogen level. would fall as soon as the second pool had

been exhausted.
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From.the animal experiments already described, it appears
that release of kinincgen into the circulation from a secondary
source can be stimulated in the deg by adrenaline infusion.-

In the dog, at least, it is possible that a pool of kininogen
may be maintained, away from the sites of active kallikrein,

in the blood stored in the spleen, Adrenergic stimulation
causes thies organ to contract and expel its store of blood
into the general circulation. Barcroft and his colleagues
(Barcroft and Stephens, 1927; Barcroft and Elliot, 1936) have
shewn that exercise, haemorrhage, anoxia and emotional conditions
will cause such a reduction in the dog splenic voiume. There
is some doubt as to whether this response occurs in man
(Grayaon and lendel, 1965). A similar increase in plasma
kininogen has been noted‘by Diniz and Carvalho, (1963) during
the first ten minutes following haemorrhage in the dog, but the
kininogen level ultimately fell below normal. These workers
considered that splenic contraction or induced synthesis were
possible alternative sources.

Discussion of the findings concerning plasma kininogen
poses more questions than it solves. 1t is clear that more
extensive experimental work should be done concerning the
distribution and production of the kinin precursor. Apart from

confirming the preliminary results so far described, further
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work might include adrenaline infusion of the splenectomized
dog, and an examination of the rate of recovery of normal kininogen
levels following depletion of plasma kininogen in the experimental

animal,

d) Kinin Release luring motional Fainting.

Free plasma kinin levels were assayed in the venous blood of
two apprehensive but healthy subjects, who fainted during an
otherwise uneventful venepuncture. Both subjects had free kinin
levels of more than ten times the mean normal value of 2.8 ng. BK
equivalents per ml. of plasma. In one of the subjects, plasma
kinin levels assai;d in the absence of symptcms were found to be
normal.

When the return of blood to the right heart drops, fainting
or syncope may occur. Such a decrease in venous return may be
produced experimentally zs the result of haemorrhage, or of
'bloodless haemorrhage' produced by tourniquet occlusion of the
eirculation in the lower limbs (kbert and Stead, 1940). This
was called the 'vaso-vagal syndrome' by Lewis (1932) who likened
its effecte to stimulation of the carotid sinus., Detailed
analysis of the haemodynamic picture (Barcroft and Swan, 1953)

showed that the explanation must be more comgplex.
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- As bleeding proceeds, prior to a faint, cardiac output and
right atrisl pressure steadily fall while arterial pressure
declines more slowly. Juring this time, the heart rate and
total peripheral resistance increase considerably. The
vasoconstriction increases up to a point and then suddenly
changes to vasodilatation, and there isla precipitous fall in
blood pressure as the faint develops. This vasodilatation
appears to be sympathetically mediated since its occurrence in
a limb may be prevented by blocking the sympathetic supply.
Barcroft and Swan (1953) have pointed out that this may not be
the whole explanation; for instance, fainting can occur in
totally sympathectomized subjects. The activation of kinin
release by emotional stress, as suggested by the finding of

raised levels of free kinin in fainting subjects, could well

help to precipitate the faint.
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CONCLUSIOR

The work described in this thesis falls into two main
categories, the derivation of suitable methods for the assay of
plasma kinin and kininogen, and their application. In the methodology
seétion, the aim‘waé to devise a procedure for plasma kinin and’
kininogen assey which could not only be applied with the minimum
of inconvenience in clinical situations, but also gave high standards
of reproducibility and specificity. This aim has, to a large extent,
been realised. The procedure described enables both free kinin and
kininogen to be assayed in a single 6 ml. sample of blood. The
small sample size enables investigations into kinin release to be
carried out even in severely traumatic conditions without endangering
the patient. Apart from the very simple inactivation procedure,
the sample does not require immediate processing and does not cause
the clinician undue inconvenience. The recovery of added bradykinin
of 81.5/ is better than any previously published for a similar method.h
The procedure, furthermore, largely excludes certain biologically
active amines and potassium which would interfere with the biological
assay of free plasma kinin.

For reasons already discussed and also because the amount of
free kinin in the circulation needed to produce physiological changes
(ng+/ml.) is relatively minute when compared with the latent kinin

carried as kininogen (pg./ml.), kininogen assay is an insensitive
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method for the detection of kinin release.. In the procedure
deecr}bsd.-the assay of both kinin and kininogen in a single blood
~ sample enables changes in the concentrations of both substances to
be monitored simultaneously.: The estimation of the PCV of each
sample not only enables the concentrations in plasma to be estimated,
but permits a check to be kept on apparent changes in concentration
as the result of fluid shift. The normal values of both free plasma
kinin and kininogen in man, as determined by this method, are well
within the range of those found by the majority of workers using
a variety of methods. | |
The procedure has a probable source of error in the fact that
the blood must pass into a syringe prior to inactivation, and it is
likely that the concentrations assayed are not precisely those
occurring in vivo. The need to use untampered-with standard sterile
disposable equipment for routine clinical work, makes impossible
the prior addition of enzyme inhibitors to the syringe. However,
when sampling and assay conditions are kept constant, the
reproducible appearance of an increase in free-kinin and a drop in
precursor level must indicate an increase in kinin-releasing activity.
The assay procedure was used to investigate kinin release in
the carcinoid and dumping syndromes. Raised levels of bradykinine
like activity were found in the blood of carcinoid patients during

flushing, confirming the findings of Oates et al (1964).
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Bradykinin-like activity was likewise found in the bloo& of
patients during the hypotensive flushing episodes of the dumping
syndrome, - The findings indicated that irregularities.in both
indole metabolism and the kinin-releasing system were implicated
amongst the many similarities between the two conditions.
Nevertheless, from a consideration of the pathologies of the two
conditions, it seemed unlikely that the precise mechanism of kinin
release was the same in both cases. Since in both conditions
there was much evidence for an increased formation of 5-HT, it
was possible that 5-HT might activate plasma kinin release.
Intravenous infusion of 5-HT, in the dog at least, did not cause
the appearance of raised plasma kinin levels.

Both carcinoid and dumping syndromes may be provoked in varying
degrees by similar types of stress. In both oon&itions, sympathetic
stimulation with resultant adrenaline release seemed to be a likely
factor, In the carcinoid syndrome, intravenous injections of
minute amounts of adrenaline are used experimentally as a standard
provocatipn of the symptoms. By inference, adrenaline is considered
to activate caroinoid.tumour kallikrein (Oates et al, 1964). Vhen
this was considered in the light of other evidence (see.P, 177)
it seemed possible that adrenaline might itself asctivate kinin
release. In the present work, intravenous infusion of adrenaline
was found to activate the release of large amounts of kinin in two

dogs out of five, Lkmotional fainting in man is known to involve
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extensive sympathetic stimulation (Barcroft and Swan, 1953)
presumably with the resultant release of adrenaline. In two
subjects undergoing emotional fainting, marked kinin release was
detected. Adrenaline and various types of stress activate
fibrinolysis (see P, 180 ) and the present findings lend tentative
support to the existence of a similar action on plasma-kinin-
releasing enzymes. Vasomotor dumping symptoms are often very
similar to those seen in syncope. 'The stress produced by the
intestinal and psychic components of dumping and the resulting
sympathetic stimulation may prove to be an important factor in the
provocation of the kinin release and a syncope-like reaction.

Cne final point of interest is the close association of 5«HT
(Barter and Pearse, 1953; Lembeck, 1953) with kallikrein
(Oates and Melmon, 1966) and kinin-like peptides (Pearse, 1968) in
a single cellular store, the argentaffin cell., ' 5-HT tends to be
vasoconstrictor and stimulates motility of the intestine, kinins are
vasodilator and inhibit peristalsis. Vasodilatation and increased
absorption are essential factors in the circulatory response to
food (Grayson and Mendel, 1965). In the dog, feeding increases
the blood flow of the small intestine (Grim and Lindseth, 1958);
while distension of the isolated ileum has been shown to produce
local vasodilatation (Lawson and Chumley, 1940). In man, there is
a rapid increase in splanchnic blood flow following the ingestion

of protein (Brandt, Castleman, Ruskin, Greenwald and Kelly, 1955)
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and liquid carbohydrate (Castenfors, 1961). There is some
evidence summarized by Castenfors (1961) that the eiroulatory
response to dumping may be an intensified form of the normal
Loirculatory response to meals, Thq opposing physiological
actions of 5«HT and kinin make a suitable basis for a homeostatic
mechanism. The local release of these two substances could well
be a major factor controlling the normal vasomotor tone,

permeability and motility of the intestine.



A ENDICES



221
APPINDIX 1
MATERIALS

1. Synthetic bradykinin (BRS 640; Sandoz Ltd., Basle).
2. Serotonin creatinine sulphate (Koch-Light Laboratories Ltd.,
Colnbrook, Bucks.).
3. LAdrenaline hydrochloride (Parke, Davis and Co., Hounslow).
4. 2=bromo-liysergic acid diethylamide (BOL=148; Sandoz Ltd., Basle).
5. Atropine sulphate (British Drug Houses, Poole).
6. Salt-free, crystalline trypsin (Armour FPharmaceutical Ltd.,
Eastbourne). |
7. Salt-free, crystalline chymotrypsin (bovine) (Armour Pharmaceutical
Ltd., dastbourne). g
8. Heparin (Pularin; Evans Medical Ltd., Liverpool).
9. Pentobarbitone sodium (Nembutal; Abbott Laboratories Ltd.,
tueenshorough, Kent).
10, 2/ dimethyldichlorosilane in carbon tetrachloride (Silicone
"repelcote”; Hopkin and Williams, Chadwell Heath, Essex).
11, Lthanol and butanol were re-distilled in glass and stored at
4°C until use).
12, Water was glass distilled, or de-ionized on an "Llgastat"
where stated.

13, All reagenis were Analar grade or equivalent.
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APPENDIX 2

PROCEDURLS FOR THE SSTIMATION OF PLASMA KININ AND KININOGEN IN

SINGLE WHOLE-BLOOD SAMPLES

a) Preparation of the ethanol extract.

6 ml. of whole=blood were taken from an arm vein through
a No. 19 sterile disposable siliconed needle into a 10 ml, disposable
polystyrene syringe. 1 ml. was rapidly placed in a sequestrene
tube for haematocrit estimations, and the remainder was
immediately inactivated by forcibly ejecting it through the needle
into 15 ml. of chilled (4°C) glass-distilled ethanol in a stoppered
glass centrifuge tube. The tube was then shaken to give good
dispersion. Manipulations with whole=blood prior to inactivation
were carried out as rapidly as possible, in order to minimize
formation or destruction of free kinin as an artefact. The time
between removing the blood from the vein, and its inactivation in
ethanol was usually 60 - 80 seconds. At this point, but only
when absolutely necessary, the sample was stored at 4°C for up to
eight hours.

Using a clean glass rod, any precipitate clinging to the
stopper and walls of the centrifuge tube was washed into the ethanol.

The sample was then centrifuged at 2000 'g' (3000 r.p.m.) for
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thirty minutés. The supernatant containing the free kinin was
placed in a 100 ml, stoppered flask, and the precipitate was
washed with 5 ml. 80% (v/v) glass-distilled ethanol, and again
centrifugeds The washings were added to the previous supernatant.
The ethanolic extract was then placed in a boiling water bath for
ten minutes to destroy any residual enzymic activity. The
extract was finally_evaporated {0 dryness under reduced pressure

at the water pump.

Butanol extraction of kinin,

The dried ethanolic extract, prepared as described in
Appendix 2 (a), was reconstituted in 8 ml, de-ionized water, and
was warmed to 60°C on a water bath to get all the material into
cloudy "solution". About 4 g+ of sodium chloride was added to
the warm solution, to give a saturated salt solution in contact
with a little solid. Four drops (c. 0.2 ml.) of Analar
concentrated hydrochloric acid were added with continuous
shaking to lower the solution pH to c. 1.5 (measured with narrow
range indicator paper). The resultant mixture (including
undissolved NaCl) was transferred to a centrifuge tube, a further
3 ml. water being used to ensure complete transfer. The
mixture was then centrifuged at 3000 r.p.m. (2000 'g') for
fifteen minutes at 4°C, to give a fairly clear solution, with

undissolved sodium chloride packed at the bottom of the tube,
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and green insoluble lipid material floating on the surface.
Using steady-gently suction, all of the clear solution was
removed, avoiding as far as poseible, contamination with
undissolved material, and transferred to a separating funnel,
10 ml, of re-distilled butanol was added, and the funnel was
vigorously shaken for about thirty seconds to give complete
mixing,

The resulting suspension was allowed to stand to permit
geparation of the phases. The lower (aqueous) layer was run
into a clean tube, while the butanol layer was placed in a small
flask., The aqueous layer (frequently containing freshly
precipitated NaCl) was returned to the funnel, and re-extracted
with a further 5 ml. of butanol, which was added to the earlier
butanol extract. The butanol was then evaporated under
reduced pressure in a rotary evaporator, starting cold (c. 15°C),
and warming to 80°C. The last traces of butanol were removed
by holding the extract at 80°C and 0.1 mm. Hg. for five minutes.

The dry extract was stored at -20%C until bio-assay. For
bio-assay on oestrus rat uterus, the extract was routinely dissolved
in 2 ml. warm (60°C) de Jalon's solution, and assayed against
standard bradykinin, in the presence of atropine, and
2-bromolysergic acid diethylamide., The time during which the kinin
was in solution, in particular that in the very acid solution, was

kept to a minimum,
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Estimation of plasma kininogen,

The precipitate obtained as described in Appendix 2 (a) was
suspended in 10 ml, 80% ethanol, and placed in a boiling water
bath for ten minutealto give complete denaturation. The :
resul;ing mixture was centrifuged at 2000 'g', and the supernatant
was discarded. The precipitate was washed twice with 10 ml.
distiliad water, suspended in 15 ml. NaCl solution (2.5 M), and
the suspension was homogenized in a ground glass homogenizer.

0.2 ml, aliguots of the ﬁuspenaion were placed in stoppered tubes
in a thermostatically heated rocker-bath, and the temperature
was ailowed to equilibrate at 37°C for thirty minutes. To the
tubes were added pure crystalline trypsin in 4.8 ml. of sodium
phosphate buffer, tb give 5 ml. of solution containing 200)pg.
trypsin per ml.lof 0.02 M. sodium phosphate at pH 7.35. The
incubation was allowed to continue for thirty minutes, and then
the trypsin was inaétivated by heating in a boiling water<bath
for ten minutes. The resulting incﬁhate# weie immediately qui;k

frozen (using solid CO, + Acetone), and stored at -20°C until

2
assay. The isolated oestrus rat uterus bathed in oxygenated
de Jalon's solution at 3300 in the presence of atropine

(10‘3 g+ per litre) was used for the assay. A simple bracket

assay was performed, using synthetic bradykinin as standard.
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APPENDIX 3

ISOLATED TISSUE PREPARATIONS

Bio-assay Procedures.

The isolated uterus from the oestrus rat was routinely used for
kinin assays in both the kininogen and free kinin estimations., The
total amount of kininogen in blood was relatively large, while the
changes were frequently less than 20%. The rat uterus easily
detected changes of less than 10/ in the applied dose of bradykinin
(Fig. 22). TFree kinin changes were generally much more than 10073
however, the total quantities were very small., The rat uterus is
the most sensitive known routine aSsay tissue for kinin, and in
addition is insensitive to histamine and the slow reacting substance
of anaphylaxis.

Contraction of the isolated guinea pig ileum and relaxation of
the isolated rat duodenum were used for parallel bio-azssay when

the characterization of bradykinin-like activity was required.
Rat Uterus.

Virgin albino rats (150 - 200 g.) were brought into artificial
oestrus by a subcutaneous injection of stilboestrol (201pg./100 Ee
of body weight) in 30¥ aqueous ethanol. BEighteen to twenty-two hours

following the injection, they were killed and the uterine horns excised.
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A length of 1 = 2 cm, was suspended in a 2 ml, bath for
free kinin estimations, or 4 ml, bath for kininogen estimations,
The bath contained oxygenated de Jalon solution with atropine
sulphate (1 pg./ml.) at 33°c, For the free kinin assay, when
5-HT was to be excluded, freshly made 2-bromo-lysergic acid
diethylamide (0,5 pg,/ml,) was used, A frontal writing lever
with a six-fold magnification exerted a tension of 0,5 g, on the
tissue, The sample was allowed to remain in contact with the
tissue for up to two mimutes, A cycle of five minutes was
usually employed,

In view of the comparatively long time cycle and the nature
of the experimentis, a simple bracketing assay was used, Such

an assay is shown in Fig. 22,

Guinea Pig Ileum,

A piece of terminal guinea pig ileum about 2 cm. long was
suspended in a 2 ml, bath at 34 - 3500. The tissue was bathed in
oxygenated Tyrode solution. The writing lever used was that
described for the previous preparation., A drug contact of 30 - 45
seconds in a cycle of four minutes was generally used. Mepyramine
maleate and atropine sulphate (1 pg./ml.) were used to increase

specificity.
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t Duodenum. =

The proximal 2 - 3 cm. of &uod;num from albino rats of eitgar
sex was suspended in 5 ml. of oxygenated de Jalon solution at 3000.
The tissue had'ﬁecﬁ.stored a£‘4° for two or three hours fruviously.
The lever used, exerted.a tension of 0.5 g oﬁ the tissue and
magnified the r;spon;e aiout ten tises. The tissue was kept under
constant wash by slow overflow which was stopped twe;ty éeoonda

before drug was added to the bath.
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APPENDIX 4

CALCULATION OF RESULTS

a) Free plasma kinin

A butanolic extract, B, obtained as described in Appendix 2 (b),
isg dissolved in 2 mlf of de Jalon solution, and is subsequently
diluted to give a final concentration of [E] per y m}-

On assay it is found that:=-

x ml. of solution [h.] /y

z ng. of synthetic bradykinin (BK)

Then 1 ml. of solution [E]

z.y/x ng. BK
But E contains the kinin content of 5 ml. of whole blood.

Therefore 5 ml. of whole blood

z.y/x ng. BK

And 1 ml. of whole blood 2 x 2L ng, BK

5

If the haematocrit is H%, then the plasma volume is (100=H)%.

Then 1 ml., of plasma contains -X E:X X T—-——-T

= 20,z.y/x(100-H)

Thus if an extract from 5 ml. of whole blood, of haematoorit
H%, is reconstituted in y ml. of de Jalon's solution, and x ml. of
this solution on bio-assay is equivalent teo z ng. BK, then the plasma
kinin concentration is 20.z.f/x(100-H) ng. BK equivalents per ml. of

plasma.
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Plasma kininogen

If x ml. of kininogen incubate I, diluted 1/y is found on
assay to be equivalent to z ng. of synthetic BK.
Then x mle of solution [Il/y = 2z ng. BK
And 1 ml. of solution (I = =zuy/x ng BK
The total volume of the incubate is 5 ml. ,

And 5 mls of solution [I) 5.2+y/x ng. BK

Il

5 ml. of incubate contains 0.2 ml. of whole blood homogenate.

= 5+2+y/x ng. BK

Therefore 0.2 ml. of homogenate.

15 ml. of homogenate = 75, 5 y Zsy ng. BK
X

15 ml. of homogenate contains 5 ml. of whole blood.

Therefore 5 ml. of whole blood = 7545y 2y nge BK
X
And 1 ml. of whole blood =75 « Z:X nge BK
X

If the haematocrit is H%, then the plasma volume is (100-H)%.

Thus 1 ml. of plasma contains 75 , 2y 100 ng. BK kqe
X <3~ * Ti00-8)
Or more conveniently = 75 . z.y 100 1 . BK Eq.
X< * T2oo-8) * 1000 o4

= 745 (z;y/x(loo?ﬂ))pe, BK Eq.
Thus if an incubate, obtained as described in Appendix 2 (e)
from whole blood of haematocrit Hi, is diluted 1l/y, and x ml, is
equivalent to z ng. of synthetic BK, then the concentration of

kininogen is 7.5 (2.y/x(100-H))pg. BK equivalents per ml. of plasma,
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APPENDIX

pKa AND DEGREE OF DISSOCIATION OF BASE AT ACID pH

DURING BUTANOL EXTRACTION

The dissoci.ation equilibrium for a basel is:
| B + H — BH
e R
Where B is the u;n-ionized base, oc is the Ide'g,rae oi; disaociat;on

of ionized base,

Then equilibrium constant, K = gt
. %BH‘LJ

Thera:om pKa = pH + Log( [BH+] / 8] )
Therefore : pH = pK  + Log (T8] / [BH+])
= pK_ + Log .(Oc/(l_-ot))

The pH of the aqueous phase during the butanol extraction
is pH 1.5. Assuming that only un-ionized base passes into the
butanol, it is of importance to know at what pl(a the pzroportidn
of un-ionized base ceases to be negligible.

Teke Oc= 10~ as negligible. _

Then pH = PKa + Log (6/(1-0))

Therefore 1.5 = pk_ + Log (2!.0"5 / (1-10-5))
~ pk_ + Log 107

Therefore A pI'Ea =15 + §

= 605
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Then at pH 1.5, only 0.001% of a base, pKa = 6.5, is in the

un=-ionized form.

The bases to be excluded from the butanol are all

of pKa> 9. €483

Base pKa Reference
Histamine 9.7 Levy, M. (1935)
Adrenaline 9.90 Barlow, R. B. (1964)

5=HT 10.0 Vane, J. R. (1959)

Thus when pH = 1.5, and pKa = 9

Then pi = pKk + Log(oc/(1-0))
That is 15 = 9 + Log(x/(1-0))
Then Log (o/(1-a)) = =75
And < /(1=) = 10777
Thus = 1077 /(1 + 10°7*9)

~1071*% . 10" 10

Thus at pH 1.5, only 10'§/iﬁ% of a base of pKa9 is un-ionized.
The bases under consideration are thus very highly ionized at this

pH, and are unlikely to be extracted into the butanol.
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APPENDIX 6

STATISTICAL ANALYSIS OF CHANGES IN FREE PLASMA KININ AND KININOGEN

DURING THE DUMPING SYNDROME

Plasma Kinin Levels

The levels of plasma kinin found in the dnmpihg patienis showed

a wide scatter. A simple statistical analysis was carried out to
show that a positive increase in free kinin levels during dumping
symptoms had occurred more often than may be expected by chance.
These increases were in all but one case more than 100%, while in
the control experiments, changes were negligible and in either
direction, In such circumstances, the experimental conclusions

are so clear that theré is nothing to be gained by a statistical
comparison of the results obtained from the dumping experiments,

and those obtained from the control experiments.

Kininogen Levels

The changes in kininogen levels during the dumping syndrome
were fairly small, being of the order of 20/ of the pre-dumping
control levels. Although difference between the changes measured
during the dumping experiments and those seen during the control
experiments were fairly marked, statistical analysis was carried
out to decide whether or not this difference could be due to

experimental variability. These analyses differed from that
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carried out on the free kinin r%sultﬂ in that they were analyses of
the experiment and not merely of the array of figures. Thus,

when non=paired groups were being compared, where the experiment
had been repeated more than once for each patient, mean values were
calculated, so that no patient was considered more than once

(See Table 24),

Statistical Tegj_gl_

Non-parametric tests were used, since the results did not always
satisfy the requirements of the parametric tests, e.g:

(i) Observations must be independent.

(ii) Populations must be normally distributed.

(111) Populations must have the same variance.

(iv) The variables must have been measured in at least an
interval scale, so that normal arithmetic operations
may be used on the scores.

(v) Effects of columns and/or rows must be additive,

The non-parametric tests, as used, on the other hand, are
derived from variations and combinations of the 'Sign' test, and
ranking or 'order' tests. These tests do not depend on the
distribution of the population, and need require no unjustifiable

assumptions,
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Null Hypothesis

When two groups of results are being compared, the 'mull
hypothesié' will be made that there is no difference between

th;am. The null hypothesis will be rejected at a probability
level of P<0,05.
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In the esence of dum toms, does an increase in the free

plasma kinin level occur more often than would be expected from

random scatter?

Test Used: Wilcoxcn test forlpair differences (c.v. Documenta

Geigy (1962) P. 191).
Rationale

(2) Let d; = Difference for any pair of values.

(b) Rank all the d,"'s without regard to sign
(i.e: =1 has lower rank than =2 or +2)

(e¢) Then affix sign to each rank.

(d) Sum the ranks having (+) sign (T(+)) and
ranks having (-) sign (T(_))

(e) If the free kinin level does not increase during
dumping, and the different values are only
influenced by random scatter, then T(+) ~ T(_).

(£) The test gives the probability for a particular

value of T(+) or T(_) occurring.

Hull Hypothesis

(a) The mull hypothesis is that the mean free kinin
level at the dump peak (ED) is not greater than

that during the control period (Ec).
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(b) The nmull hypothesie is rejected if '1‘(_) is too
small (or if '1‘(+) is too large) to have occurred

by chance.
Results

From Table 24 (b), T(_) = 0..

Then from the Wilcoxon probability table (Documenta Geigy
(1962) P. 128),
When number of paire n = 7, the probability that 'l‘(_) = 0

is P £0.01,
Conclusion

The mull hypothesis is rejected. The levels of free plasma
kinin at dump .peak tended to be greater than those during the
control period. The probability that this result could occur by

chance ie P<£0.01,
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Free Kinin
Riasiicn (ng. BK Eqe per ml. Plasma)
Pre-dump Control (xCi) Dump Peak (x,,) |Difference (di)
A1) 2.4 75.0 72.6
A(i1) % i | 140.6 137.9
B(1) <35 43.7 40.2
B(ii) 1.5 3840 36.5
¢(1) 6.3 62,9 56.6
c(41) 0.6 70.5 69.9
p(i) < 3eT 15.3 11.6

Note: Where no activity was measurable, the value is taken as the

threshold level for the purposes of calculation,

Table 24 {a)

(From Table 18)

Hank di
1 + 11,6
2 + 36.5
3 + 40.2
4 + 5646
5 + 69.9
6 + T2.6
7 +137.9

Table 24 ;h} sFrom above Table)
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b) Statistical Analysis of Changes in Plasma Kininogen level in
Dumping and Control Experiments.

(i) Is the Fall in Plasma Kininogen greater in Dumping
Patients than in Normals, following provocation
with Hypertenic Glucose?

Test Used: Mann-Whitney 'U'-test. (Siegel, 1956).
Rationale

(a) Semples from two populations, A and B.

(b) Hull hypothesis is that A and B have the same
distribution; Alternative hypothesis iﬁ that
A is stochastically larger than B,

(e) Alternative hypothesis may be accepted, if the
probability of a score from A being larger than
a score from B, is greater than . That is,
if 'a' is an observation from A, and 'b' is an

observation from B, then P (adb)> 2.
Method

(a) n, = Number of cases in smaller of two independent

groups, Hl'

n, = Number of cases in larger group, Nz.
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(b) Combine both sets of results, and rank them
in ascending order.

(e) "I'han. for N, say, let U, be the number of times
a score in N2 precedes a score in Nl in the
ranking.

(d) Then UH]. --ZU:l

(e) The sampling distribution of U for the mull
hypothesis is known. Thus the probability for
the occurrence, under the mull hypothesis of
any U as great as an observed value of U may be

deteirrmined.

(f)UHI-n1n2+nl(n1+1) _Rl
2

Unz-nlnad-nz (n2+1) -R2
2

Wharelila.nd.ﬁ = Sum of ranks for N, and N,

2 1

(g) The smaller value of U is used.

KNull Hypothesis

‘And, Unl =n n, -UN

2 respectively.

The fall in plasma kininogen in dumpers is no greater than in

normals, following provocation with hypertonic glucose.
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Results

From Table 26:
UHI =n, n, +n (nl +1) _.Rl =4x4+4(4+1) _10

> 2
= 16
= n, =U, =4x4=16
Uuz e B e
=0
The smaller value of U is used.
From tables (Siegel (1956), P. 271), the probability for

the occurrence of this value of U for n =0, = 4 is P = 0.014.

Conelusion

The null hypothesis is rejected. At the previously selected
level of significance (P = 0.05), the fall in plasma kininogen in
dumping patients is greater than that in normal subjects, following

provocation with hypertonic glucose.
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< Plasma Kininogen
Experiment Patient ) (pg. BK Eq. per ml. Plasma)
Fall in Kininogen Means
(Control level =
Peak level)
Dumpers A(d) 37 .
, 246
+ A(ii) 1.5
Hypertonic B(i) 0.3
Zlucose )
B(i1) 1.4 1.0
B(dii) 1.3
e(s) ' 0.2
1.7
c(i4i) 3.1
(1) 0.9 0.9
Normal B 0.2
Subjects
& F - =0.1
Hypertonic G 0.1
glucose
H 0.1
Dumpers A 0.5
+ B "0.1
Saccharin C 0.0
Table 25 (From Table 18)




Ranked Values of

Patient

Fall in Kininogen Rank
(pge BK iq./ml. Plasma)

-0.1 N 1

0., 0.1 N, N' 2.5y 245
0.2 N 4
0.9 D 5
1.0 D 6
1.7 D 7
2.6 D 8

D represents a dumping patient prO?oked'with hypertonic glucose.

N represents a normal subject provoked with hypertonic glucose.

Table 26

(From Table 25)




Dam Patients follow cation with lacebo?
Test Used: Mann-Whitney 'U'-test.

Kull Hypothesis

The fall in plasma kininogen in dumping subjects following
provecation with hypertonic glucose, is no greater than that in

dumping subjects following provocation with saccharin placebo,
HResults

From Table 27:
n1-3, 02‘4
n.l-s. R, = 22
Unl-nlnz-l-nl(nl-rl) -Blu3x4+:[2§+1} _6
2

= 12

The smaller value of U is used,
From tables (Siegel (1956), P. 271), the probability for the

occurrence of this value of U for n = B ny= 4 is P = 0,028,
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Conclusion

The null hypothesis is rejected. At the level of aignifioance,
P = 0.05, the fall in plasma kininogen in dumping patients following
provocation with hypertonic glucese is greater than that in dumping

patients following provocation with saccharin placebo.
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Ranked Values of
Fall in Kininogen Patient Rank
(pge BK Eq./ml. Plasma)

=0.1 S 1
8.0 . S ik
045 8 3
0.9 D 4
1.0 D 5
1.7 D 6
2.6 D 7

D represents a dumping subject provoked with hypertonic glucose.
S represents a dumping subject provoked with saccharin placebo.

Table 27 (From Table 25)
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(i4i) Is the fall in Plasma Kininogen in Dum atients

following provocation with Saccharin Placebo greater

or smaller than that in NormaI.Subjects following
.grovocation with Hypertonic Glucose?

Test Used: MannewWhitney 'U'e~test.

Null Hypothesis

The fall in plasma kininogen in dumping subjects following
provocation with saccharin placebo is neither greater nor smaller
than that in normal subjects following provocation with hypertonic

glucose.
Re ts

From Table 28:
n =3 n,=4
Rl = 11.5’ R2 - 16‘5

Note that 32>R1, thus the kininogen change in the normals is
apparently greater than in the placebo provoked dumping
patients.

What is the probability for the chance occurrence of this

inequality under the null hypothesis?

UNl =10, n, +n, (n1 + 1) Rl =3x4+3(3+1) _11.5
2

= 2

= 6.5
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Uﬁz_- n, n, - UNl =3 x4 =645
= 5.5
The smaller value of U is used.
From tables (Siegel (1956), P. 217), the probability

for the occurrence of this value for n = B n,= 4

is 0.429<P<0.571.
Coneclusion

The data do not give evidence justifying the rejection of the
null hypothesis at the level of significance, P=0.05. Thus there
is no difference between the fall in plasma kininogen in dumping
patients following provocation with saccharin placebo, and that in

normal subjects following provocation with hypertonic glucose.
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Ranked Values of

Fall in Kininogen Patient Rank
(P-go BK J.".:q_o/mlo Plam)

<0.1, =0.1 | N, S 1:54 145
0.0 | s 5
0y Bed N, N 4.5y 4.5
0.2 N 6
0.5 S |

N represents a normal subject provoked with hypertonic glucose.
S represents a dumping subject provoked with saccharin placebo.’

Table 28 SFrom Table 25}
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(iv) Is there a Correlation between the Percentage Fall in
Plasma Kininogen, and the Dumping Peak Level of Free
Plasma Kinin expressed as a Multiple of the Pre-dump

Control Level, in Dumping Subjects following Provocation
with Hypertonic Glucose?

Test Used: Significance of the Spearman Ranking Coefficient.

(siegel, 1956).

Rationale

(a)

()

(e)

Let N individuals be ranked according to two variables,
denoting ranking according to one variable as Kl, Kz,
Xs cesccese XH, and according to a second variable

as Yl' Y2, Y3 esssenae YN. Then a measure of the
rank correlation may be used to determine the relation
between the X's and the Y's.

Perfect correlation would exist if X, = Yi for all

i
values cf i, The differences d, = X, = Y, would

i .S 4
give 2 measure of the disparity between the two sets
of ranking, the larger the di'a, the less perfect the
association between the two variables,
The total magnitude of the discrepancy between the two
sets of ranking may be determined by calculating

Spearman's rank coefficient, rs a L (E:df).
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(d) Then the sampling distribution of the statistic,
r s is known for #ha condition of the null
hypothesis that the two variables under study
are not associated in the population, and the
observed value of ry differs from zero only by
chance.
" (e) Spearman's rank coafﬁicient,
6y a
T S n’i-;

Null thesis

There is 'a purely random relationship between the percentage
of the pre-dumping control ‘kininogen lost, and the number of times

the free kinin at the dumping peak is greater than the control level.
Result
From Table 29 (b):

2
N =17 Zdi-a

Then Spearman's rank coefficient,

N
2
6 245
rﬂ-ll_ial =1 6x8
", S 543 - 7

= 0.8571

Then from tables (Siegel, (1956), p. 284),
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The probability that for N = 7, the Spearman rank

coefficient z. - 0.8571 is, 0.05P70,01.
Conclusion

The null hypothesis is rejected. At the selected level of
significance (P, = 0.05), the Spearman rank coefficient is too
large to have occurred by chance. There is thus a signifioﬁnt
correlation between the amount of plasma kininogen lost and the

height reached by the free plasma kinin level.
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Bstimated at Dumping Peak

Fall in Plasma Kininogen RANK Peak Free Plasma Kinin
% of Pre-dump ' Multiple of
Patient Qontro; Level Patient Pre-dump_Control
c(4) 5k 1 | »(1) 1.27
B(i) N e | 2 ¢(1) 9.98
(i) - 11.2 3 B(1) 12.49
B(iii) 18.9 4 B(iii) - 25433
A(41) 2743 5 A(d) 31.42
A1) 48.7 6 A(il) 52,07
c(44) 6343 7 c(ii) 125.89

Table 29 (a) (Erom Table 18)
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Rank of Rank of Free 2
Patient | i inogen Change Kinin Change 4@ | &4
c(4) 1 2 U
B(i) 2 3 -1 (1
(i) 3 : ¢ 2 4
B(iii) 4 4 0| o
A(ii) 5 6 -1 1
A1) 6 5 o
c(id) 7 7 o] o

2
Zdi = 8
Table 29 (b) (From Table 29 (a))
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