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PREFACE

Although the plasma kinins (e.g. bradykinin) occur widely
in body fluids, their function and significance as physiologicai
or pathological mediators remain to be established. The pharma-
cological actions and potency of these endogenously occurring
polypeptides , particularly their vasodilator actions are such
as to indicate a possible role for them in both physiological
and pathological processes.

This thesis describes investigations designed to throw
further light on the role of bradykinin in man by study of its
occurrence and metabolism in blood and its participation in a

number of vasodilator phenomena,
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GENERAL SUMMARY

PART 1 presents a historical survey of the advances in
the elucidation of the plasma kinin system, including the isolation
and synthesis of the important members of this group of polypep-
tides. A review is presented of the accumulating evidence for the
possible participation of these substances in normal and disease

processes,

PART 2 describes a method for the estimation of peripheral
blood bradykinin levels, using a method of extraction and bio-
logical assay. With this it is possible to measure levels in the
blood of all normal subjects so far examined. The average brady-
kinin level in brachial arterial blood is found to be 0,25 ng/ml
( t .23 ng/ml). These levels are lower than others reported but
the average recovery of internal standard of 97% suggests that

these figures are not low due to losses in the procedure.

In _PART 3 attempts are made to relate blood bradykinin
levels to peripheral circulatory changes., Direct heating of the
hand causes the expected increase in blood flow and results in an

increase in bradykinin levels in the venous blood draining that



part by up to 53%, In reactive hyperaemia and cold vasodilatation

a fall in the venous bradykinin level 1s observed, It is shown
that there is an arterio-venous difference in bradykinin levels
across an extremity such as the hand,with arterial levels usually
higher than the venous. The occasional observation of higher venous
levels and the results of venous bradykinin assays during intra
brachial artery bradykinin infusions, suggests that peripheral
sites are able to produce bradykinin, It is also noted in this
section that a generalised sympathetic discharge causes a lowering
of endogenous arterial bradykinin levels, whereas sympathetic block-
ade produces an increase. The falling blood bradykinin levels ob-
served in cold vasodilatation and reactive hyperaemia could be
related to the painful nature ofi%&periments and the resultant sym-

pathetic nervous system overactivity.,

In PART 4 it is shown that infusions of adrenaline
result in falls of blood bradykinin levels and this seems to be
achieved by an acceleration of the destruction of the peptide by
kininase. Since the adrenergic blocking agent phenoxybenzamine can
block this enzyme activation, the possibility is discussed that
catecholamines act on a circulating " receptor " which can be
blocked by small concentrations ( 10”7 M) of a specific adrenergic
blocking agent, Conclusions are drawn that catecholamines are
powerful modulators of kininase activity and may be responsible for

settingthe half-life of bradykinin in blood ( and in interstitial



fluid) within the large range encountered in normal blood viz.
3 secj}t%<<40 sec , and thus regulating the activity of brady-
kinin in regions where it is possibly acting as a physiological

( or pathological ) agent.

In PART S the flushing and other cardiovascular changes in
the carcinoid syndrome, which have been related to the appearance
of large amounts of bradykinin in the hepatic vein blood by other
workers, are here related more directly with bradykinin changes in
the peripheral circulation, The carcinoid blood bradykinin levels are
evalﬁated in terms of levels found in normal people and a comparison
is drawn between the effects of intravenous adrenaline infusions in
normal and carcinoid syndrome subjects,

A small group of patients with cirrhosis and another of meno-
pausal women, suffering from severe flushing attacks , have been
studied to determine whether bradykinin was involved in their ab-
normal vascular manifestations., Using this present method , no
direct evidence of this could be obtained, but interesting facets
of these conditions , and the experimental findings are discussed
that suggest that a more refined or differently directed approach
may yet implicate the plasma kinins.



Part 1

INTRODUCTION

THE PLACE OF ACTIVE POLYPEPTIDES IN BIOLOGY
THE PLASMA KININS
PLASMA KININS IN PHYSIOLOGY AND PATHOLOGY

THE SCCPE FOR STUDY



a. PLACE OF ACTIVE POLYPEPTIDES IN BIOLOGY

Many polypeptides with a wide spectrum of bioloyical activity
occur in nature, Some have wall defined roles in the animal body
as endocrine hormones e.g, A.C,T,H., M,S.H,, A, D, H,,oxytocin and
the iess well understood fat-mobilising polypeptide (Fraction H)
also from the pituitary gland,

Another group of polypeptides has a more lLocal area of activ-
ity -- the gastrointestinal hormones, viz, gastrin,secretin,panc-
reozymin and cholecystokinin,which regulate the motility and sec-
retory activity of the glands and organs of the upper gastrointes-
tinal tract.

A group of polypeptides produced by soil bacteria have anti-
bisotic properties and the polymixins,colistin,the bacitracins and
tyrothricin have a valuable place in antimicrobial therapy.

Finally,s heterogenous group of polypeptides of diverse origins,
having in common & small molecular weight and sharing a common pro-
perty of marked action on smooth muscle cells,includes many subs-
tances of less well understood significance,structure and physiol-
ogical role, An important polyreptide in this final group is angi~
otensin,an octapeptide which is liberated from an aJ.pha2 globulin

in the plasma by the action of renin. The intense vasoconstrictor



and pressor properties of angiotensin have played a key role in
its historical association with hypertensive disease,and the syn-
thetic octapeptide has been introduced as a therapeutic agent,
Angiotensin also has & stimulating effect on some extravascular
smooth muscles,and it has a powerful stimulating effect on the
secretion of aldosterone -- its property on extravascular smooth
muscle is probably of minor importance, In contradistinction to
angiotensin the other polypeptides in this last group do not have
vasoconstriction as their chief property,in fact they are vasodil-
ator on most vascular beds, Some,like angiotensin,are liberated
by the action of enzymes on & plasma substrate ~-- again an alpha2
globulin, and are called plasma kinins, The plasma kinins are a
group of vasodilator polypeptides and possess an extraordinarily
high degree of pharmacological aectivity, In low doses they cause
vasodilatation,increase capillary permeability and produce oedema;
evoke pain by some action on nerve endings and contract or relax

a variety of extravascular smooth muscle, Three plasma kinins,
bradykinin, kallidin (lysyl-bradykinin) and methionyl-lysyl brady-
kinin (Fig. 1), have now been identified and their amino acid se-
quence elucidated; all three have been synthesized. All three
have very similar properties and differ in their actions only qua-
ntitatively, Other plasma kinins can also probably be liberated
from the same substrate, their structure is uncertain, but they re-
semble the identified kinins in their pharmacological actions and



5\

their general structure is probably similar,

Other kinins are found in animal tissues., They resemble the
plasma kinins in sume of their pharmacological properties,but be-
cause of incomplete characterization are identified rather by
their site of gecurrence, These include wasp kinin,substance P,
colostrum kinin and neurokinin. BAnother very active polypeptide
eledolisin,an endecapeptide,isolated from the posterior salivary
glands of Eledone, a mollusc belanging to octopod cephalopods,has
been studied and in some preparations has been found to be about
fifty times a more active dilator than the plasma kinins, Phy-
salaemin, isolated from the skin of Physalaemus Fuscumaculatus
also possesses a powerful vasodilator action.

The kinin peptides are the least well understood of all biol-
ogically active polypeptides, but because of their widespread nat-
ural occurrence and because of their marked properties, have stim-
ulated much study in an atterpt to elucidéte their complex metab-

olism and their precise role in the organism in health and disease.
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b, THE PLASMA INS

The pharmecological actions of these substances in the mam-
malian body were noticed long before their nature was appreclated.
Soon after the demonstration of the pressor effects of suprarenal
extracts by Oliver and Schafer in 1895 and before the establishment
of the natural occurrence of histamine in the body by Best, Dale,
Dudley and Thorpe in 1927, French workers Abelous and Bardier in
1909 described a substance extracted from urine of normal humans
which had marked hypctensive properties. When injected intraven-
ously into dogs it caused a marked fall in the carotid artery
blood pressure, they called this substance in the urine 1'urohyp6-
tensine, They suggested that this substance was a protein and
had protease properties., They showed that in the presence of_ae-
run this substance was able to cause a contraction of smooth
muscle and that the hypotension produced on intra-venous inject-
ion was peripheral in origin due to a vasodilator action on the
peripheral blood vessels and not due to the weakening of the heart,
Large intra-venous injections of this substance into animals caused
torpor and somolence and often death, which was ascribed to the
compression of the brain which occurred due to the intense vaso-
dilatation, It was suggested that this substance which is norm-

ally excreted by the kidneys may play a part in producing some of
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the cerebral symptoms associated with uraemia,

The study of the hypotensive material in the urine was taken
up again by German workers Frey and Kraut in 1928, Seemingly un-
aware of the findings of Abelous and Bardier, they 're-discovered'
a hypotensive material excreted in the urine. The called it a
"circulatory hormone" because it also occurred in the blood in
the form of a reversibly inactive complex with an inactivator, The
active substance was excreted in the urine after the inactivator
had been split off by the kidney. They were able to distinguish
this substance from histamine and acetylcholine and also suggest-
ed that it was an enzyme, Frey, Kraut and Schultz in 1930, in
search of organs and tissues in the body that were producing this
substance and passing it on to the blood stream, observed that the
fluid in a pancreatic cyst found at operation produced the same
cardiovascular effects on intra-venous injection as their urinary
substance, Failing to find the substance in any other body fluids,
they assumed the pancreas to be the major source of this material
and called it kallikrein (Kallikreas = pancreas).

Werle, Gdétze and Keppler, in 1937 found that kallikrein had an
indirect action, and, behaving as an enzyme,split off a pharmacol-
cgically active substance from some inactive precursor present in

the serun., This substance which contracted isolated smooth muscle
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they called DK (darmkontrahierende substanz) to indicate its
pharmacological property,

In 1948 Werle and Berek re-named this active substance 'kal~-
1idin' and its precursor, a plasma protein, *kallidincgen?,

About this time, another line of study by Brazilian workers was
being carried on,which initially had no bearing on plasma kinins,
but which,as was subsequently seen,was the starting point of work
that gave much of the early information about these substances. In
1948, Rocha e Silva and his group were investigating whether the
venom of the snake Bothrops jararaca liberated histamine from dogs
liver,as trypsin had been shown to do, (Rocha e Silva,Beraldo &
Rosenfeld, 19495 Rocha e Silva,1955). The liver was perfused with
defibrinated blood and the perfusate collected. Since dog's blood
contains practically no histamine nor any other substance which
stimulates the isolated guinea-pig gut,the appearance of a strong
stimulating material in the effluent blood when the venom was in-
troduced in the perfusing blood created much interest. The factor
which immediately distinguished it from histamine was the nature of
the contraction it produced. Furthermore,its action was not antagon-
ised by histamine nor atropine.When the venom was put directly
into the blood samples, it resulted in the production of a substance
which had the same effect on the gut, It was obvious that the pre-
cursor of this substance was in the blood itself and not in the

liver,
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These workers also showed that the precursor was in the globulin
fraction of the plasma. Two terms were now coined, "bradykinin™
for the new pharmacologically active substance ('brady' -- because
of its slow onset of action on the smooth muscle preparation), and
"bradykininogen" was the term given to the globulin fraction of
plasma from which bradykinin was released. Trypsin was shown to
behave in the same way as the venom in 11h§rating bradykinin from
serum,

A degree of purification was achieved by precipitating out the
nitrogenocus contaminants with 80 - 90% aleohol from the 'crude
bradykinin' and when the 'purified' substance was injected intra-
venously into rabbits and cats a sharp fall in arterial blood pre-~
ssure followed, This early work also showed that bradykinin was
probably a polypeptide or at least it had a peptide link,the in-
tegrity of which is necessary for its pharmacological activity,
Bradykinin was found to be thermostable and dialysable. On the
guinea-pig gut it had an effect many times more potent than hist-
amine or acetylcholine.

Because of the different methods of preparation of the kinin
peptides (bradykinin) by Rocha e Silva and (kallidin) by Werle,'
the pharmacologically active peptide prepared by treatment of .|
serum globulin fractions with trypsin or snake venoms continucdi‘
to be called bradykinin whereas that prepared by the action of 3‘

kallikrein was called kallidin, The realisation of their marked



14

similarity grew, Holdstock, Mathias and Schachter in 1957 failed
to distinguish between kallidin and bradykinin on pharmacological
and chemical basis,whereas wasp kinin,which had been identified

as a polypeptide with similar pharmacological properties by
Schachter and Thain in 1954, was easily distinguishable, In spite
of this,reservations about their identity were fostered because
trypsin and kallikrein were often shown to release different
amounts of the active material from the same substrate prep@ra-
tion (Holdstock et al, 1957), and kallikrein sometimes failed to
release kaliidin under conditions in which trypsin readily releas-
es bradykinin ( Schachter 1960), This discrepancy has now been
accounted for by the realisation of the greater specificity of
kallikrein for the substrate, e.g. cat salivary kallikrein will
not release kallidin from horse serum ( Bhoola, Morley, Schachter
& Smaje, 1965). Also denaturation of the kininogen molecule by
boiling renders it less susceptible to attack by kallikrein where-
as tryptic activity may be favoured by the unfolding of the pro-
tein molecule (Werle & Trautschold, 1963).

Elucidation of the relationship between bradykinin and kal-
lidin had to wait until their further purification, Although pﬁo-
gress was made in the purification of bradykinin (Andrade, Diniz
§ Rocha e S1lva, 1953; Andrade & Rocha e 8ilva,1356), it was not
until 1960 that Elliott,Lewis and Horton finally purified brudyji



kinin prepared by treating ox serum with trypsin,and were able
to elucidate its structure, Simultaneously paptide chemists in
Basle,Switzerland were attempting to synthesize the polypeptide
according to the structure put forward by Elllott and his group.
The result of this was that bradykinin,a nonapeptide, was synth-
esized by Boissonas, Guttmann and Jaquenoud in 1960, In 1960 the
bradykinin released by the action of snake venom was isolated by
Zuber and Jaques; and in 1961 purified "snake venom bradykinin",
"rrypsin bradykinin" and the synthetic nonapeptide were shown

to be identical (Hamberg, Bumpus § Page, 1961).

Pierce and Webster in 1961 using human plasma as substrate
and incubating it with human urinary kallikrein isolated two kal-
1idins. One of these was identical with bradykinin and the sec-
ond was a decapeptide containing the same sequence of amino acids
as bradykinin but with an additional residue of lysine joined to
the N-terminal residue of arginine (Fig. 1 ). The nonapeptide
from the mixture was the first to be eluted from the carboxymeth-
yl cellulose column in the purification, and was called kallidin
1, The decapeptide was then named kallidin II,

With the knowledge of the structure of kallidin 1I,Nicolaides,
DeWsald and HCCarthy at Ann Arbor Michigan were able to synthesize
the decapeptide in 1961. The synthetic decapeptide did not,how-

ever,axhibit the full biological activity of natural kallidin 1I,



PLASMA KININS

BRADYKININ

H=ARG - PRO- PRO-GLY - PHE~ sER—PRo-PHE—ARG—O H

Lysyl — BRADYKININ (kallidin-10)

H-LYS - ARG - PRO - PRO-GLY - PHE - SER-PRO- pHE-ARG=0H

Methionyl — lysyl — BRADYKININ
H~-MET-LYS -ARG -PRO - PRO-GLY - PHE - sER-PRO -PHE-ARG=OH

Fig. 1 (a). The amino acid sequence of the three major
plasma kinins. Bradykinin (nonapeptide);lysyl-brady-
kinin (kallidin-10,decapeptide) and methionyl-lysyl-
bradykinin (endecapeptide).

ev i ~-MET-LYS-BRADYKININ - ser-vA-GLU NH,-VALMET?). . . ALA-LEU

Fig. 1 (b). The kinin-yielding sequence of the kinin-
ogen molecule of bovine serum origin (Habermann & Hel-
big,1966). Pierce and Webster (1966) postulate also
another kininogen molecule where the kinin moiety 1is

at the C terminus.
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and this was believed to be due to the extensive racemisation
occurring during the coupling reaction of the dipeptide with the
octapeptide in the synthetic procedure.However, when the syn-
thetic decapeptide was treated by carboxymethyl cellulose chro-
matography, a small fraction appeared which had the full biological
activity of kallidin II ( Nicolaides et al, 1961), Using this
synthetic - chromatographed decapeptide , Webster and Pierce ( 1963)
compared its bilological activity with synthetic bradykinin and
found that the decapeptide was twice as active as a vasodilator
in the dog as the nonapeptide. Differences in the cardiovascular
effects of these two substances have been found and have been stu-
died (Parrat$,1964 ; Kjellmer & Odelram, 1965; Chou, Frohlich & Tex-
ter, 1965; Lochner & Parratt, 1966). On many isolated smooth mus-
cles the synthetic decapeptide acts like bradykinin, but is less
potent ( Webster & Pierce, 1963)., It seems that plasma can release
other kinins apart from bradykinin and kallidin ( Armstrong & Mills,
1963), Elliott, Lewis and Smyth ( 1963 ) have isolated an eleven
amino acid peptide from acidified, dialysed and incubated bovine
plasma fraction and have characterised it as methionyllysylbradykinin
( Fig 1 ). The pharmacological actions of the endecapeptide are
qualitatively similar to bradykinin and ithas now also been syn-
thesized ( Schroder, 1964).

The previous methods of peptide synthesis have now been improv-
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ed and a new method introduced by Merrifield (1964), The Merri-
field method is termed solid phase peptide synthesis and is based
on the idea of attaching the protected C~terminal amino acid by a
co-valent bond to an insoluble,solid,supporting particle and the
peptide chain can then be constructed and lengthened in a stepwise
process, The peptide chain can then be liberated in the form of a
free peptide after the desired sequence has been assembled. With
the availability of easier and more sophisticated methods of pep-
tide synthesis,interest has been extended to the study of structure-
activity relationships of peptides and in particular to the kinin
analogues, DBodanssky, Ondetti, Sheehan and Lande (1963) pointed
out th§ importance of the terminal arginine moieties,the length of
the peptide chain and the direction of the amino acid sequence for
biological activity., Preparation by Nicolaides, MCCarthy and Pot-
ter (1965) of a bradykinin analsgue containing arginines in the D~
configuration which had negligible vasodilator zctivity indicated
that the two terminal arginines of bradykinin must be of the L-con-
figuration, in order for the molecule to exhibit its characteristic
biological effects., The negligible activity of the D-arginine ana-
logues demonstrates the stereospecificity of the N- and C- terminal
anino acids of the bradykinin molecule and that the correct spatial
configuration of the terminal ends of the peptid§ chain 1is an indis-~

pensible feature of the molecule.
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Using the Merrifield method of peptide synthesis, Stewart and
Woolley (1965) have investigated the changes in bilological actions
of bradykinin derivatives resulting from the addition of amino
acids to the amino and carboxyl ends of the molecule. They show-
ed that the lengthening of the molecule at the amino end has only
a amall effect on potency, at least if the lengthening is not
greater than ¢one or two residues. In contrast to this is the
marked effect of lengthening from the carboxyl end; when just a
single amino acid residue is added to the carboxyl end of the
bradykinin, the potency is markedly reduced, This importance of
the carboxyl end in biological activity extends to other biologic-
ally active peptides e.g. angiotensin, gastrin, eledoisin and oxy-
tocin, and some biologically active proteins e.g, pancreatic rib-

onuclease and insulin,
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c, PLASMA KININS IN PHYSIOLOGY AND PATHOLOGY

Speculations on the involvement of the kallikrein-kinino-
gen-kinin system (Fig. 2) in physiological and pathological
phenomena began from the time that Frey and Kraut in 1928 pos-
tulated that kallikrein was a circulatory hormone with potent-
ial vasodilator and vasodepressor properties. They were able
to show that kailikrein was liberated from its complex with the
inactivator at a low pH, and would then be able to exhibit its
vascular cffects, On the basis of the fall in pH which occurs
with ischaemia, they postulated that kallikrein may be involved
in producing the circulatory changes of reactive hyperaemia.

Because both the substrate and the releasing enzyme are en-
dogenous substances and the kinin that is released has been shown
to have such powerful pharmacological properties in in-vitro ex-
‘periments on isolated smooth muscle preparations and on the card-
iovascular system in laboratory animals, it has been a challeng-
ing riddle for investigators to implicate this system in physiol-
ogical and pathological situations. This intérest intensified
as more and more information emerged about the nature and dis-
tribution of the kallikrein in the body. Xallikrein has now

been demonstrated in the pancreas, in the salivary glands, in



' CONTACT '

KALLIKREINOGEN

Activated Inactive
]
«+—— HAGEMAN FACTOR HF
v
KALLIKREIN
KININASE
I nactive
BRADYKININOGEN —— BRADYKININ -
fragments

Fig.2 A simplified representation of the kallikrein-
kininogen-kinin-kininase system in blood. Bradykinin
is the representative kinin and its generation invol-
ves the action of the activated Hageman Fact:r. Its
rapid degradation to inactive fragments is achieved

by carboxypeptidase N (kininase).
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glandular elements of the tongue, throughout the intestinal
tract and in urine,saliva, sweat, faeces, in lachrymal secret-
ions and probably in the cerebrospinal fluid. Xallikrein is
found in the free active form in urine, sweat, saliva and fae-
ces, however, in glandular tissues end in the plasma it exists
as inactive precursor ( Lewis, 13960; Webater 1968),

Of the many inferences that have been made about the partic-
ipation of kinins in physiological and pathological changes,most
have besn made from observations of changes in one or more of
the reactants in the kallikrein - kininogen - kinin system. Only
in very few instances has it been possible to establish a convin-
cing correlation between changes in loceal or general concentra-
tions of plasma kinin and the expected functional change, The
evidence for the activation of the kallikrein - kallidin - kinin
system has come from measurements of increases in kallikrein or
kallikrein activator, decrease in kallikrein inhibitor levels,
diminished kininogen levels, increase in bradykinin or kallidin,
increase or decrease in kininase or the reproducticn of the
symptoms or signs with kinins or kallikreins,

The presence of kallikrein in the salivary gland promised
an explanation of the vasodiiatation that oeccurs when the chorda
tympani is stimulated. This has been difficult to account as
being due to vasodilator nerve fibres in the chorda, because if



21

they are cholinergic, they could not be effectively blocked by
atropine, whereas the secretory fibres could ( Heidenheim,1872),
Hilton and Lewis (1955 a, b; 13956) took up the study of the
cause of functional hyperaemia in the cat's submaxillary gland,
The lingual artery of the cat was cannulated so that the gland
could still be perfused by natural circulation or artificially
with oxygenated Locke's solution, When the gland was stimulated
through the chorda tympani a substance appeared in the Locke's
solution which when incubated with plasma produced a smooth
‘muscle stimulating substance,and injected intra-arterially into
the lingual artery produced a vasodilatation, The saliva also
had this property and they conciuded that the agents present in
saliva and in the perfusate collected from the salivary gland on
chorda stimulation are one and the same, and that bradykinin, or
some closely related polypeptide is formed whenever they come in
contact with plasma protein. They extended the possibility of
this mechanism to other organs and tissues to account for the
means of adjustment of local blood flow to local needs.

In 1956, Hilton and Lewis overcame the objection that could
be raised to their use of plasme as a source of substrite for the
glandular kallikrein --since plasma itself ccntains kallikreinogen
which would be activated by dilution ( Schachter, 1956). This
time they used dog pseudoglobulin as substrate and the isolated
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rat uterus as assay tissue, to achieve greater sensitivity.

They were able to show an increased output of bradykinin for-
ming enzyme on chorda stimulation, infusion of acetylcholine

and during the post dilatation which occurred with injections

of adrenaline or noradrenaline. They re-emphasised their pre-~
vious conclusions by stating that no matter how the gland is
activated, by chorda or sympathetic stimulation or by infusions
of acetylcholine or sympathomimetic amines, a bradykinin-forming
enzyme is released from the gland cells, and that the vasodilat-
ation accompanying the glandular activity is produced by the
bradykinin which is formed,

The observation of Bhoola et al, (1965), however, did not
substantiate Hilton and Lewis' conclusions about bradykinin be-
ing the cause of the functional vasodilator in the cat's submax-
illary salivary gland. They observed that the vasodilatation pro-
duced by the intra-arterial injection of cat salivary kallikrein
did not mimic the decrease in resistance caused by stimulation of
the chorda tympanli. The vasodilatation produced by the injection
of dialysed cat saliva was slower in onset, not as great,genéral-~
ly more prolonged, and became smaller with successive injections
of saliva, Stimulation of the nerve still produced vasodilata=-
tion when the gland was perfused with horse serum (for three hours)

=~ a substrate from which cat kallikrein does not release kallidin.
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Desensitisation of the gland to bradykinin by close arterial
injection also had little effect on functional vasodilatation,
These workers also obsarved the after-dilatation following vaso-
constriction upon preganglionic sympathetic nerve stimulation;
this vascdilatation also occurred during stimulation when alpha-
blocking drugs such as phenoxybenzamine or tolazine had been
used, Use of sympathetic beta-blocking agents, however, reduced
or blocked the sympathetic after-dilatation, Their conclusions
uphold the old view that parasympathetic vasodilator fibres in-
nervate the vessels of the gland and that the sympathetic after-
dilation is due to adrenergic action, but due to vascular beta-
receptor stimulation,

Although Hilton and Lewis have associated vasodilatation in
the submaxillary gland with increased output of kallikrein when
the gland is stimulated by acetylcholine, adrenaline or norad-
renaline injections or chorda tympani stimulation, Schachter,
(1966) 1is reluctant to relate this ceusally in any significant
way, Some of Schachter's opposition is probably blunted by Hil-
ton's (1966) contention that the active peptide is probably form-
ed in the interstitial fluid of the gland and not in the blood
and that conclusions from intra-arterial saliva and intra-arterial
desensitizing bradykinin injections are not valid arguments again-
st what might be happening in a more intimate extracellular fluid-

artericle situation,
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The controversy that exists between the proponents of veso-~
dilator fibres and kinin mediated vasodilatation is further com-
pounded by observations that many glandular organs of the guinea
pig do not contain an active kinin-releasing enzyme (Bhoola, May
May Yi, Morley & Schachter, 1962) and that in the rabbit's sub-
maxillary gland both the secretion and vasodilatation which fol~
low chorda lingual nerve stimulation are readily blocked by at~
ropine ( Morley, Schachter § Smaje, 1963),

‘The functional vasodilatation of the pancreas has also been
studied with the view of implicating a kinin peptide as the cause,
Using a aimila} approach to that of Hilton and Lewis (1955 b) in
studying vasodilatation in the submandibular gland, Hilton and
Jones (1963) investigated the functional vasodilatation in the
pancreas, The output of kinin forming enzyme of the perfused
giand (Locke's solution) was small at rest., Acetylcholine and
pancreozymin,however, were both able to bring about a significant
elevation, These findings have not yet been challenyed.

The occurrence of increased vascdilatation in the forearm of
man at the onset of sweating produced by body heating, has again
suggested a role for bradykinin, which might be liberatedas a
result of sweat gland activity. Bradykinin-forming activity was
shown to be present in sweat collected fpom hand and forearm by
Fox and Hilton (1956). The studies of Roddie, Shepherd &nd Whelan
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(1957) on the effect of atropine on the sweating and vasodilat-
ation in the human forearm when the person is subjected to body
heating, suggested that the situation in the forearm skin was
analogoug to that in the submaxillary gland when that gland is
treated with atropine and the chorda lingual nerve i1s stimulated,
The major vasodilatation in the forearm which follows the onset
of sweating can be temporarily abolished by atropinisation of
the forearm tissues, However, despite atropinisation the fore-
arm blood flow eventually increases and atropine when injected
at the height »f heating vasodilaxation, does not reduce the
flow, even though the action of a subsequent dcose of acetylcho-
line is completely blocked., Although intra-arterial atropine
completely abolishes sweating, it does not completely prevent
the "sweating™ component of forearm vasodilatation,

In 1958 Fox and Hilton, using a technique of perfusion of
subcutanecus tissue space with sterile saline, showed that when
the subject was cool the perfusate showed small amounts of brady-
kinin-like activity, but did not contain any bradykinin-forming
activity. When the sudbject was heated,however, and sweating de-
Qeloped, the bradykinin-like activity of the perfusion fluid in-
. creased up to five times the resting level. The bradykinin~like
activity of the perfusate during the control period was attrib-

uted to the dilution of the interstitial protein, However,since
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the protein content of the fluid did not change as the forearm
vasodilatation deveioped, the increase in bradykinin-like act-
ivity could not be attributed to an increase in passage of pro-
tein across the capillary walls, but was due to sweat gland act-~
ivity. They concluded that the active vasodilatation in the human
forearm skin accompanying body heating is produced in the main,by
bradykinin resulting from sweat gland activity,

There is much evidence which points to plasma kinin playing
a part in inflammation. The striking features found in early
stages of inflammation are pain, local vasodilatation,increased
capillary permeability and the accumulation of leucocytes, It
has been shown that bradykinin is one of the most potent agents
able to produce these events,

Bradykinin or a very similar polypeptide is released from
blister fliuid, human inflammatory exudates and piasma, if the
latter if first alliowed contact with glass., This substance
causes pain when applied to a catharidin blister base and has
been called Pain Producing Substahce (PPE). It is very likely
to be bradykinin, it might be one of the physiological transmit-
ters of pain and is likely to be a contributing factor in causing
the pain of inflammation ( Armstrong, Dry, Keele & Markham, 1953;
Armstrong, Jepson, Keele §& Stewart, 1957). The abiliity of brady-

kinin and kallikrein to cause increased capiliary permeability%
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with @ more rapid onset than histamine, and to produce accumul-«
ation of leucocytes has also been demonstrated ( Bhoola, Calle
& Schachter, 1960; Elliott, Horton & Lewis, 1960; Lewis 1360),
Chapman, Ramos, Goodell and Wolff (1963) have perfused the
subcutaneous tissue under the "flare" (produced by noxious
stimulation of the skin) with isotonic saline, The perfusate
collected during the onset of flare increased in its ability
to relax the isolated rat duodenum and contract the rat uterus,
ifdicating increased kinin formation,

Rocha e Silva and Antonio (1960) produced 'thermic oedema'
in the rat's paw by immersion in water at 44 - 43° C and by co-
axial perfusion of the subcutaneous space, found that at this
temperature there was & sudden appearance of bradykinin in the
perfusate, The conditions of the experiment were such that the
participation of histamine formation was precluded. Thus a con-
dition of inflammation and cedema was produced without the re-
lease of hitamine and the response of the tissues to this mild
thermel injury could be entirely due to bradykinin release,

Other evidence by Rocha e Silva and Rosenthal (1961) indicat-
ed that bradykinin, histamine and possibly other substances may
be released in the skin when the thermal injury is more severe.
Edery and Lewis (1963) concluded that the increase in kinin-
forming activity in the lymph drainingi"dog'a hind 1imb which
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occurred when the l1imb was injured by severe scalding, ischaemia,
mechanical pressure or freezing was due to a specific activation
of the kinin-forming system in the interstitial fluid, brought
about by the release of histamine.

The mechanism of the activation of the kallikrein-kinin
system upon injury is not certain, The findings of kinin-form-
ing activity in the lymph from injured limbs by Edery and Lewis
(1963), have been criticised by other workers performing similar.
experiments (Jacobsen § Waaler 1965; Jacobsen 1966; Jacobsen &
Waaler 1966), Jacobsen and Waaler confirmed that plasma kinins
were formed on incubation of dog lymph with pseudoglobulin,but
they ascribed this to the presence of kinin-forming activity in
the pseudoglobulin and of substrate for this enzymatic activity
in the lymph. On scalding an increase in lymph flow occurs and
lymph content of total protein also increases. Their interpret-
ation of the apparent increase in kinin-forming activity in the
lymph of the injured limb is that it is due to increased content
of substrate in the lymph for the kallikrein which is present in
the pseudoglobulin, It is possible that histamine liberation plays
a role in the change in blood vessel permeability upon this type
of injury,

In a variety of conditions of shock, many potentially toxie
substances have been suggested as possible mediators. That pro-
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teolytic enzymes are activated in states of shock has been sug-
gested for a long time (Roch e Silva, 1956) it is possible that
a kinin-forming enzyme is among them, It is probable that the
proteolytic activity occurs spontaneously in some states of
shock as suggested by MacParlaneand Biggs (1346), or it might
be due to the entry into the organism of potent substances as
might occur in shock states due to endotoxin, peptone, anaphyl-
axis, acute pancreatitis, haemorrhage, severe burns and barbit-
urate poisoning,

Beraldo (1950) estimated the amount of plasma kinin in the
blood of dogs before and during &nephylactic and peptone shock,
During shock, the plasma kinin increased, decreased or remained
the same, and Beraldo concluded that plasma kinin activity bore
no relationship to the severity of the shock. There is more
evidence however of a causal relationship between anaphylaxis
and plasma kinins from Brocklehurst and Lahiri (1962). They
have shown that bradykinin appears in the blood of rat, guinea
pig and rabbit when the sensitized animals are challenged with
antigen, The perfusate from guinea pig lungs or skin during
anaphylaxis was shown to have kinin-forming activity, however,
when freshly drawn blood from sensitized guinea pigs was in-
cubated with antigen there was no increase in bradykinin, It

wag thus shown that the activation of the kallikrein was occur-
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ring in a tissue site, possibly the site of antigen - antibody
reaction, The recovery of bradykinin-forming enzyme from per-
fused lung in the guinea pig is interesting, because it has been
shown that bradykinin is a potent bronchoconstrictor agent in the
guinea pig (Collier, Holgate, Schachter § Shorley, 1960), From
these findings it suggests that bradykinin may have a role in the
bronchoconstriction of anaplylaxis and perhaps asthma, since brady-~
kinin in aerosol form has been shown to reduce the vital capacity
of chronic asthmatics (Herxheimer £ Stresemann, 1961; Collier,
1963).

However, another substance which is quite distinct from brady-
kinin, serotonin and substance P has been isolated from anaphyl-
actic guinea pig lung and has been called SRS-A (slow-reacting
substance in anaphylaxis) by Brocklehurst (Brocklehurst 1953,
1955, 1960), The actions of SRS-A and bradykinin have been com-
pared on the guinea pig tracheobronchial muscle by Berry and
Collier (1964) and it seems that there are distinct and separate
receptors for these two substances on the bronchial muscle., It
seems ,then, that the pulmonsry manifestations of anaphylactic
shock may be due to one or both of these smooth muscle stimulat-
ing substances,

Further evidence implicating bradykinin in the vascular events

of anaphylaxis comes from the work of Cirstea, Suhaciu and Butcul-
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escu (1966). These workers have shown that a significant dim-
inution of plasma bradykininogen is found in rabbits blood sub-
jected to lethal anaphylactic shock, and asscciated with this,
detectable levels of bradykinin appear in the blood,

The relationship between endotoxin, the release of brady-
kinin and the features of shock is tenuous in Beraldo's (1950)
own conclusions, There is little evidence available at present
to further the possible relationship,though Kobald, Lucas and
Thal (1964) report that incubatior. of endotoxin with blocd and
various tissue homogenates releases several vaso-active substances
including plasma. kinin,

Vogt (1964) has put forward interesting positive evidence
about plasmin being able to liberate bradykinin under certain
conditions. Human plasmin will liberate plasma kinin from nor-
mal dog plasma globulin, but the liberation of the kinin is de-
pendent on the conversion of kallikreinogen to kallikrein by plas~
min i,e. plasmin liberates kinin only by this indirect mechanism.
The intermediary involvement of kallikrein is further supported
by the observation that after incubation of globulin with plas-
l-min, there is a considerable decrease in the concentration of
\kallikreinogen. Like kallikrein, plasmin is also a proteolytic
enzyme, derived from a precursor plasminogen, which is carried

in the globulin fraction of the plasma,



So far there are no reports of plasminogen activation in
vivo associated with production of bradykinin., However, act-
ivation of plasminogen has been described in a wide variety of
conditions, through the intermediary of activators of tissue,
body fluid or bacterial origin or even from psychic responses to
mental or physical disturbances such as in persons awaiting
surgery or even in normal people during air-raids (MacFarlane
& Biggs, 1946).

Much speculation continues regarding the precise patho-phys-
iology of acute pancreatitis. Both the cause and the mechanism
of the changes which take place remain: unknown. This is partic-
ularly disturbing because the present methods of treatment are
not completely satisfactory and death rate in acute pancreatic
necrosis in human being remains above 50% (Nugent, Henderson,
Jonasson, Jones & Attendido, 1964)., A popular theory is that
trypsin, a pancreatic enzyme, is activated within the pancreas
and precipitates a vicious cycle of autodigestion of the gland.
Good evidence that trypsin is present in plasma in increased con-
centration in acute pancreatitis is given by Nardi and Lees, (1958)
by their simple method of blood trypsin estimation, With the
presence of active trypsin it is generally argued that trypsin
further activates kallikrein fram pancreatic and plasma kalli-

kreinogen and that the kinins which result from the action of
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kallikrein on plasma kininogen contribute to the vascular collapse.
Hollenberg, Xobold, Prustt and Thal (1962) reported detection of a
vasoactive material in the blood from patients with acute pancreat-
itis. They placed whole blood on an unspecified smooth muscle
preparation and measured the response in terms of the tension
developed, The evidence for this subetance being bradykinin is
inconclusive from their experiments.

Administration of Trasylol, a potent trypsin inhibitor and
kallikrein inactivator, extracted from bovine parotid glands to
patients with acute pancreatitis has met with varying amounts of
success, Control studies on the usefulness of Trasylol in this
condition have also been performed in dogs where the pancreatic
necrogis has been induced chemically, The effect of Trasylol on
the haemodynamic events has not been striking, though the over-
all mortality is usually reduced in the group which recieves Tra-
sylol in the treatment (Forell, 1963; Nugent et al 1964; Grozinger,
Artz, Hollis & Wesson, 1964; Haig § Thompson, 1964).

One of the best demonstrations of the participation of a
plasma kinin in a disease state has been that of bradykinin in
the carcinoid syndrome, The most distinctive and often the earl-
iest symptom of the carcinoid syndrome is the acute, reddish

cutaneous flush which starts with the face and neck and may ex-
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tend to the chest, arms and legs., Colours range from bright red
to violaceous, The flush usually lasts only a few minutas, but
may persist longer and recur many times during the day, Peri-
orbital oedema, hypotension, tachycardia, abdominal pain, diarr-
hoea and wheezing often accompany the flushing, Right sided
cardiac involvement may appear late in the disease. The carc-
inoid syndrome is usually a slowly advancing disease and a pat-
ient who has developed the full complement of florid signs and
symptoms may survive for many years. The puszling array of
manifestations in the syndrome and the protracted nature of the
disease are some of the reasans why this condition has been the
focus of much pharmacological and clinical investigation for
more than a decade.

- Pernow and Waldenstrom (1554) first demonstrated that patients
with the carcinoid syndrome could have elevated blood levels of
gerotonin and histemine, These two pharmacologically active sud-
stances could account for many of the manifestations of the synd-
rome, However, the observation that the levels of serotonin in
hepatic venous blood fail to increase in most patients after in-
duction of typical flushes by injections of noradrenaline or ad-
renaline led to the questioning of the role of serotonin in flush
production (Robertson, Peart & Andrews, 1962), Because catechol-
amines activate the flush mechanism in carcinoid patients, the



observations of Hilton and Lewis (1956) that catecholamines will
release a kinin peptide from the perfused salivary gland suggest-

ed that such peptides might play a role in carcinoid flushes.
Oates, Melmon, Sjoerdsma, Gillespie and Mason in 1964 demonstrat-
ed that hepatic venous blood showed elevated levels of a kinin
peptide during the flushing attacks, this being due to the release
of active kallikrein in the hepatic vein from carcinoid metastases
in the liver, Later Oates, Pettinger and Doctor (196€) using more
thorough purification procedures showed that this kinin peptide
was indistinguishable from bradykinin,

Recently, Zeitlin and Smith (1966) have also implicated plasma
kinins in the symptoms associated with the dumping syndrome and
report the appearance of high levels of free kinin in the fore-
arm venous blood of patients during the dumping peak, The lev-
els noted by these workers seem exceedingly high ( 2-6 microgram/
ml in one case), particularly in comparison with the levels of
hepatic vein blood kinin reported by Ostes et al (1964). Oates
and his group report that the highest level of 1'2/ug/ml was
found in hepatic vein blocd during adrenaline provocation in a
patient who also had right sided heart disease -- which is prob-
ably an index of the severity of the disease.

The findings of Zeitlin and Smith then would suggest that

during the dumping attack there must occur an enormously accel-
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erated production of plasma kinin in the periphery. It is dif-
ficult to calculate accuratly what the total venous kinin con-

tent would be in a case that shows a concentration of 2°6 /ﬂg/
ml in the forearm vein blood, but it is known from the studies
of intra-venous bradykinin infusions (Fox, Goldsmith, Kidd and
Lewis 1961) that infusion at the rate of 1 /uglxg/min in man is
enough to produce marked cardiovascular symptoms. The appear-
ance of 2-6 /ug/ml of bradykinin in a forearm vein would corres-
pond to many fold higher intravenous infusion than 1 /Ag/)(q/lain.
The argument against the vaiidity of such high blood levels of
bradykinin is taken up again later in this thesis.

The rare condition of hereditary angioneurotic oedema is
characterised by recurrent attacks of circumscribed non-~inflam-
matory oedema with death frequently occurring from dcute laryn-
geal oedema, It has now been shown that the inborn biochemical
lesion is likely to be an inherited deficiency of serum inhib-
itor of plasma kallikrein (Landerman, Webster, Becker § Ratcliffe
1962)., The increased capillary permeabllity i1s perhaps mediated
through the production of plasma kinins,
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d, IHE SCOPE FOR STUDY

In reviewing the evidence that has emerged for the role of
plasma kinins in physiology and pathology,two facts emerge.

l. The plasma kinins have been implicated in a wide variety of
situations ranging fram purely physiological rolss as function-
al vasodilators in glandular tissue, to participation, with
varying degrees of importance,in conditions of inflammation and
states of general shock, Much of the evidence has come under
criticism, 80 much so that perhaps only in the carcinoid syndrome
is the evidence sufficiently complete to give the plasma kinins

a definite standing as agents that can bring about striking fun-
ctional alterations and perhaps contribute &8 aetiological agents

in a disease process,

2, The controversy that has often arisen about evidence implic~
ating the plasma kinins in some role has been associated with
poor understanding of the structural and functional details of
the kallikrein - kininogen ~ kinin - kininase syetem. Many ex-
periments have been performed in artificial systems where the
identity end significance of the reactants has not been under-
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stood, Conclusions have been drawn and extrapolataed from in-

direct evidence.

Even s9, much of the evidence is striking and may eventually
be substantiated when more precise techniques allow a more crit-
ical study in less distorted systems. The major difficulty that
presents itself in the study of the role of kinins in in-vivo
situations is that plasma kinin levels in blood or in tissue site
are probably the resultant of processes of simultaneous product<
ion and rapid destruction, Any experimental procedure is very
likely to favour one or both of the tendencies, with the result
that true in-situ situation may become sufficiently distorted by
the time the reactants are analysed. This, coupled with the min~
ute levels of kinin that can be expected to be able to produce
significant functional changes, has stood in the way, to a large
extent, of the correlation of kinin level and functional changes,
The hope for more fruitful study in kinin involvement depends
heavily on the avallability of a specific plasma kinin antagon-
ist, Schachter (1964) has expressed this in a recent review:
"the discovery of a specific antagonist would be the most valuable
analytical tool in providing a more definite assesment of its
(kinin) rolel |

The aim of the study reported in this thesis was to invest-
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igate one body compartment, viz. blood in the human, to throw
some light on the nature and significance of kinin metabolism
in this area, At the time of commencement of the studies the
occurrence of plasma kinins in human blood in normal healthy
subjects was uncertain, and in fact in some current medical
literature statements like "kinins....are not normally present
in blood, but can be released in vivo" could be found (Ganong,
1363)., This seemed a little extreme because the kinin precur-
sor and the inactive kallikrein are both present in blood and
blood is continually perfusing areas suggested as sites of plasma
kinin turnover,

The firat aim was to establish the presence of active plasma
kinins in circulating blood in humans, No sensitive method for
normal plasma kinin estimation was available and a large part
of the time was devoted to modifying the method of Oates et al
(1964), so as to be able to specifically measure the small levels
of circulating kinin in human blood. With this method it was able
to establish a range of levels in the blocd of normal human sub~
jects, It was not possible by the method used to distinguish
between the nonapeptide (bradykinin) and the decapeptide (kallid~
in), but since the studies of Webster and Pierce (1963) had in-
dicated that any kallidin that enters blood is acted on by an

active aminopeptidase which converts the kallidin to bradykinin,
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it was assumed that the kinin activity found in blocd was due

to bradykinin and assays of the plasma kinin were made by biol-
ogical comparison with the synthetic nonapeptide. The possibil-
ity of the endecapsptide and other plasma kinins centributing to
the kinin activity studied was ignored in these investigations,
Their mode of release from plasma substrate is uncertain and sug-
gests that their release under normal physiological conditions
may not be significant and in fact extreme conditions, not usuale
ly encountered in the body, may be prerequisites for their release
(Websper 1966).

For these reasons the plasma kinin studied in this thesis has
been taken to be bradykinin (BK) and referred to by that name,

A study of arterio-venous differences in BK levels in a per-
ipheral region was made, and this led to an examination of changes
in blood BX lévels associated with local vasodilator phenomena
such as reactiva hyperaemia, cold vascdilatation and vasodilatate
ion produced by direct heating.

Studies of BX levels in peripheral blood were alsoc made in
patients with cirrhosis, the carcinoid syndrome and other non-
carcinoid flushing states. Release of BK in the hepatic vein
blood during carcinoid flushes had been reported by Oates et al,
(1964), but there was no evidence at that time that these changes
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also extended to the peripheral circulation., The hypexrdynamic
circulation in scme severe cases of cirrhosis suggested a pos-
sible role for bradykinin, and the wide variety of cutaneous
flushing phenomena (e.g. menopausal) which have no aetiologicel
explanation,merited investigation from the point of view of kinin
involvement,

Since one of the greatest obatacles in the investigation of
plasma kinins has always been the ubiquitous presence of extrem-
ely active kininase, its activity in whole blood was inveatigat-
ed. This latter study led to an investigation of the effect of
catecholamines on kininase activity and further, the effect of
adrenaline blockade on this system,

The aims of study are presented in more detail in the intro-

ductory parts of the respective sections,
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. INTRODUCTION

In planning & suitable method for the estimati on of normal
blood BK levels in man cognizance had to be taken of the nature
of the kallikrein - kininogen = kinin = kininase system as it
occurs in the circulating blood, It is likely that with the
presence of all these reactants the level of the active kin-
in present would be the result of the balance struck between
concurrent production ‘md destruction, To be able to estimate
the true level precautions need to be taken to ensure that what~
ever turnover in the kinin system is occurring in blood is im-~
mediately arrested when the blood is sampled, and furthermore,
that the collection and estimation procedures dec not introduce
any opportunities for artificial activation of the system,

The report of Fasciolo (1964) that kinin content of hwnan
blood might be in the range of 0 to 2 ng/ml, indicated that
small levels were to be expected. Because of such small levels,
the procedure of extracting bradykinin from blood should give
high recovery values to enable as much as possible of the small
endogenous amounts to survive, Also because of the small amounts



44

of BK involved, & dbiological assay procedure has to be used
which is sufficiently sensitive to quantitate these small
amounts but also specific enough to enabls characterisation
of the active substance from blood as BK,

Two promising methods for blood BK estimation were avail-
able in the published literature, that of Bina, Fasciolo and
Carretero (1963) and that of Oates et al, (1964), The Bina
method was based on the precipiration of dlood proteins in al-
cchol and butanol extraction of the kinin; the biological assay
preparation was the hindlimb of a dog perfused at constant flow
through the femoral ertery by a Dale-Schuster pump in which the
neasured response was the fall in perfusion pressure. They re-
ported recovery of 53.7% ¢ 16% from dogs blood, but were un-
able to detect endogenous BK in most animals, The method of
QOates et al, depended on the precipitation of blood in alcohol,
ether extraction and adsorption of the kinin of the aqueous
phase onto weakly acidic cation-exchange resin ( IRC-S50, 100-
200 mesh). The final assay in this method was performed on
the oestrus rat uterus. The identity of the extracted BX was
further supported by the ability of chymotrypsin to inactivate
it, and by the ability of the extracted substance to produce a

characteristic bi-phasic blood pressure response on the nephrece
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tomised, vagotomised, pentolinium-treated rats., The immediate
appeal of this method of extraction was that it promised high
rates of recovery of BK ( 80 - 100% ). BAs originally described
it was to detect and estimate the high endcgenous levels in the
hepatic vein blood in flushing carcinoid patients; it was hard
to predict whether this method of extraction could also be used
for the much smaller normal endogenous levels, As will be re-
counted below, some important modifications had to be incorpor-
ated in the Oates' method before it could be sucesafully used
in the present study. This modified method enables the measure=
mant of blood BK levels in all normal subjects examined and is
the method used for BK estimations in this work, The validity
of these levels found is supported by recovery results and by
the collateral evidence from other studies on BX metabolism in
man reported in this thesis.

The methods of blooi collection and subseguent extraction
and biocassay are described in detail and important points of
procedure are further amplified in appendices, Some of the ex~
perimental work which led to the development of the final form
of the method of extraction is described in chironological order,
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BLOOD COLLECTION

Collections of blood from an artery or vein were made through
an all polythene - nylon system into nylon syringes. Any contact
of blood with electronegative surfaces is avoided to prevent
activation of the Hageman Factor which is a known activator of
the plasma kallikrein ( Margolis, 1963 ). To reduce the time
for collection to a minimum, the largest cannula compatible with
the size of the blood vessel was usually used, One of three
types of methods of cannulation were used depending on the site
or nature of the blood vessels ( Fig. 3 ).

Arterial blood collections were always made from the brachial
artery at the antecubital fossa, using a modified Seldinger tech-
nique ( Seldinger, 1953 ), to cannulate the vessel., A l9-gauge
short-bevel needle is inserted into the brachial artery after
local infiltration with 2% (plain) Lignocaine ( Xylocaine Astra),
a length of nylon fishing line is then threaded through the
needle into the vessel and the needle removed, AR collecting
catheter can then be introduced into the vessel over the nylon
guide, The nylon guide is withdrawn when an adequate length of
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the catheter has been threaded into the lumen of the vessel

(Fig. 4), The collecting catheter is made from polygthene
(Intramedic PE - 90/ S 36) or from nylon tubing of the same
dimensions. The catheter is made 3s short as possible, to al-
low for approximately 5 cm intraluminally and approximately the
same length extraluminally. The extraluminal end carries a

Luer type polyethylene butt (Boots) fixed to it with an epoxy
resin (Araldite, Ciba), into which can be fitted a three way
plastic tap (Pharmaseal), This system can then be filled with
heparinized saline (10 units heparin per 1 ml 0,9% w/v saline)
until the blood collections are made, Immediately prior to collect~-
ion, all dead - space contents is discarded by allowing the blood
to flow freely from the catheter for 2 - 3 seconds, Nylon syringes
( "Vandermic™ Vann Bros, Ltd,, London England ) previously
autoclaved and chilled in a deep - freeze were used for the blood
collection ( Fig., 5 ). Five ml Luer mount syringes were used
uniformly. Syringes of this capacity were used to minimize
the period available for change to occur in the blood before

the destruction of enzymatic activity by the ethanol but at the
samg time to keep the number of syringes needed within manageable
1imits. In this way the transit time from blood veasel to al-

cohol was in the range of 5 to 10 sec. 8ix syringes were used



Fig. 3.

Fig. 4.

Three types of cemnulae used for blood collection

(A, B, C),

A. Intracath ( Bardic ),

B. Braunula ( B, Braun Melsungen ),

C. Catheter used for the modified Seldinger tech-
nique cannulation { see text ),

D. Plastic three-way tap which fits into butts of
all three above cannulae,

E. A S ml Vandermic nylon syringe used for blood
collection,

In arterial cannulation, the needle (A) is first
inserted into the vessel, it is then threaded with

a nylon fishing line (B). Catheter (C) can be guid-
ed into the blood vessel over the nylon line after
the needle has been removed,






BRACHIAL ARTERY

X sec. —» %
ETHANOL-I--(
o°c¢C

Method of blood collection from the brachial artery,

Fig. 5.
Blood is withdrawn into a 5 ml nylon syringe through
an arterial cannula and plastic tap. Rapid transfer

to nearby ethanol ( 0° C ) is achieved in X sec. ( X
is in the range of 5 - 10 sec ).
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to collect the 30 ml of blood for each estimation and pooled
into a flask containing 120 ml of 6% ethanol at 0° C, Prior
chilling of the syringes is essential to suppress the activity
of the kininase in the blood being collected, (Abe, Watanabe,
Xumagai, Miwa, Mouri, Seki, Oikawa & Yoshinga, 1965), That
this measure, together with the rapid transfer to alcohol was
adequate in preventing kininase activity is shown by the good re-
coveries of internal standards. The necessity for freeszing of
the syringes is shown by the extremely rapid destruction of
internal standards that occ.. &% when syringes at 38° C are used
(see Part 3), The exact amount of bléod collected is deter-
mined by weighing the alcchol before and after the collection,
For venous blood collections the above technique <f cannul~
ation can be useu but was not employed frequently. A polyeth-~
ylene catheter (Intracath, Bardic) was extremely useful for
+he cannulation of an auitecubital vein, For the cannulation
of a lower forearm vein, to coliect blood draining the hand,
the modified Seldinger technique can be used after shaving the
area, but a much more successful method was by the use of a
Braunula ( B,Braun Melsungen ), In this way, the obstruction
encountered from valves by a centrifugally directed catheter
could be overcome because of the rigidity of the catheter and
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the protruding metal tip, present during the insertion, Use
of a Braunula is more traumatic, but much of the discomfort

is avoided by the use of adequate local anaesthetic and prior
local incision of the skin. The incision required is so small
that no subsequent suturing is necessary. The rigid nature of
the Braunula ensures that the catheter wiil not collapse or
twist during the collection of blood, The sampling tip is
distal to any site of trauma,

In detemmining the recovary of internal standards of BK from
blood a known concentration of synthetic bradykinin was prepared
in normal saline, A 0°l ml amount of this solution was placed
in the collecting syringe near the entrance, This volume con-
tained known amounts 8o that the final concentration in the
5 ml of blood ranged from 250 ng/ml to 0+5 ng/ml and the re-
covery of BK from blood could be examined over & range of con-
centration, The small volume and the positioning of the saline
solution in the syringe ensures camplete mixing with the blood
as the latter is drawn into the syringe, furthermore the small
volune minimises the degree of dilution of the plasma,

A polythene bottle ( 500 ml capacity ) which contains the
120 ml of 96% ethanol is kept in the deep freese until the time
of collection., Immediately after the coullection of the 30 ml of
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blood, the mixture is shaken and the bottle is stored again in
the deep freeze until all the collections of the experiment
have been completed.
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c . EXTRACTION
The final form of extraction adopted includes Qates' et

at, ( 1964 ) method up to the stage of elution of BK from the
ion-exchange column. A technique which departs from Oates'
method is then adopted which enadbles 2 salt free extract to
be obtained which can be assayed directly on the superfused
preparations, For the sake of continuity and completeness,
Oates' method 1s described first, the subsequent subsections
describe the way in which the modifications evolved and were ad-

opted.,

(a ) "Oates' Method "

In the extractions of BK from blood, standard Quickfit
glassware was used almost exclusively, All glassware with the
exception of chromatography columns was siliconised ( Silcote
SF 114, Dow Corning ) prior to use.

The mixture of blood and alcohol is filtered through a Buch-
ner filter ( containing a Whatman No, 2 filter pasper ) into a
500 ml Buchner flask. A Rud Browne Dynavac 2, rotary high vac-

wum pump was used to provide the necessary vacuum, The suspen=-



sion is allowed to filter until the cake is dry but not cracked;
at this stage a 120 ml 80X ethanol wash from the npolythene col-
lection bottle 1s added to the residue and allowed to filter
through until the residue is dry and cracked, All blood sam~
ples sre filtered immediately after the experiment, and the
filtrates are then stored back in the deep freeze until the next
stage of extraction,

The straw coloured filtrate is transferred to a pear shaped
1 L, evaporating flask, 10 ml of octanol are added ( to prevent
frothing ) and the contents are then reduced to 30 - 40 ml in
a Buchi rotary evaporator at a temperature of 35 - 40° C, The
corcentrated solution is acidified with 1 ml of glacisl acetic
acid and twice extracted with 2 - 3 volumes of di-ethyl ether
in a separating funnel, The ether phases are discarded, The
aqueous phase, containing the BX is further reduced to approx,
10 m1 in the rotary evaporator. The pH of this extract is ad-
justed accurately to 60 with 1 N NH,0H, Varying amounts of
precipitate may be found in the extract at this stage and they
are removed by centpifugation, The precipitate and evaporating
flask are washed with 0<1 ¥ ammonium acetate buffer at pH 6°0
and the pooled volume of approximately 25 ml is applied to a
colum ( Fig, 6 ) ( 1 om x 5 om ) of Amberlite I,R.C., 50 ( 100~



200 mesh) ( Appendix 2 ) equilibrated with the anmonium acet-
ate buffer ( Appendix 1 ). After the column has heen loaded
with the extract, it is washed through with 30 ml of buffer,
Five ml of 1 N NH,OH ( Appendix 1 ) is applied to the colum
and the displaced buffer discarded. The peptide can now be
eluted from the column with 10 ml of 1 N NH,OH and 25 ml of
01 N NH,OH in sequence, If the eluate is adjusted to near
neutral pH with acetic acid { BK is unstable in alkaline pH )
a salt solution of ammoniizn acetate results, If this eluate
contains large amounts of BK, it can be diluted sufficiently
to make the concentration of ammoniur acetate sufficiently
small, that it will not interfere with the assay on the rat
uterus.

This in essence is the method of extraction of Catea et al,
( 1964) and the excess salt in the extract creates no drawback
to the biological assay if sufficiently high concentrations of
BX are present in the extract, However, the neutralised eluate
will cause relaxation of the superfused rat duodenum because of
the salt alone, this depression of duodenum tone persists even
when the @luate is diluted 1:60, This degree of dilution is
not feasible if normal blood BK levels are to be measured usc

ing superfused uterus and duodenun as assay tissues,
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Fig, 6. Quickfit chromatography columns packed with Amberlite
I.R.C, 50 100 - 200 mesh, Ammonium acetate buffer in
detacheable reservoir. ( See text and Appendix 2 ),



54

Using Oates' method as described e&bove good recoveries
could be obtained if large amounts of bradykinin were added
to the blood, and the extract assayed on the superfused prep-
arations after maximum possible dilution. Several attempts
of assay of endogenous BK showed that the extract contained an
uterus contracting substance although the ducdenun gave fixed
large relaxations that had no relationship to the BX concen-
tration as gauged from the uterus responses. The need then
became apparent of obtaining the extract sufficiently free of
interfering salts, before both these tissues could be confiden-
tiy used to estimate the concentration of small amounts of BK

in the extract.

( b') Desalting Methods
(1) Ion Retardation Resin

Ion retardetion resin AG 11A8 ( Bio-Rad Laboratories ) prom-
iged to be a useful agent to explore. AG 11AB is polymerised
acrylic acid inside Dowex 1; the result is styrene-divinylben-
zene crogs-linked, rigid polymer lattice with attached quater-
nary ammonium groups ( strongly basic anion exchange groups )

within which weaves a trapped, linear, relatively flexible acry-



1lic polymer having carboxyl groups ( weakly acidic cation ex~
change groups ) {( Bio-Rad Laboratories Technical Bulletin
113 Nov., 1963 ), The resin thus contains pairved anion and
cation exchange sites. When salts are added to this resin

in the self-adsorbed form, the ions are adsorbed to the appro-
priate groups but without any ion exchange. The degree of ad-
scrption depending on the type of ion, This resin had also
been shown by the manufacturers to be able to separate a pro-
tein enzyme from its solution in (NH4)250; using water as el-
uting agent, the two substances appearing in the eluate as two
distinct and separate peaks,

In an attempt to de-salt the BK extract a column 45 cm x
3.17 am® of AG 11A8 50 - 100 mesh was prepared, Synthetic BK
solution was prepared in 0-36 M CH3COONH, , 0°36 M NH4CL and
0+18 M (KH4)2804 , as all these salt forms could be convenient-
ly obtained by appropriate neutralisation of the eluate from
the Amberlite column,

Desalting of these BX solutions was trisd on such a column
using a small feed volume and eluting the substances with de-
ionised water, The effluent was collected in 2 ml fractions
in a fraction collector, The fractions were analysed for am-

monia and BX content., Ammonia was detected by Nesslerization
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"of the samples and the concentration estimated in a Shimadzu
spectrophotometer -- alternate tubes were biloassayed for BK
content on the rac uterus, The possible potential of the ion-
retardation resin was further explored by varying feed volumes,
flow rates and pH of the feed solutions., These latter manipul-
ations changed the behaviour of the column only little, in every
case some degree of separation of the peaks of activity could
be obtained, but there was always about 50% overlap of the splays
of the elution peaks and the BK which appeared from a S ml feed was
distributed through about 100 ml of effluent. For these reasons
AG 11A8 was abandoned as unsuitable for desalting in this partic-

ular situation,

(2)SEPHADEX

Sephadex G25 mediun mesh, wnich was the preparation with
the smailest pore size available at the time, was also tried
to assess whether this material would offer any salt retardat-
ion. A column of sephadex S50 cn x 79 cm2 was loaded with 1 ml
of 1 /ml BK in 0.i38 M (HH4)2804 and eluted with deionised water,
A minor but insignificent degree of salt retardaticn was observ-
ed when the eluates were analysed as for AG 1l1A8 chromatography.

Sephadex G25 was then also abandoned,



(3) SUBLIMATION

Attempts were made to reduce the amount of CH,COONH, in
the BK - salt solution by sublimation, both by lyopholisation
and by rotary evaporation at 40° C with a vacuum pump with a
stated capacity of achiewing 0¢0001 mm Hg. The process was
very slow and incomplete and the residue when redissolved

~ still showed potent depressor effect on the rat duodenum.

Freeze-drying of a solution of BK in Elgasta€*(5 ng/ml) in
a siliconised flask gave an invisible residue at the completion
of dryness, Rinsing of the flask with de Jalons solution (Ap~-
pendix 1) for assay of the residual BK gave at the best only
S0% recovery ( after 10 min rinsing ) ~-- further rinsing
ylelded more BK activity from the glass surface. In one such
experiment where de Jalons solution had been unintentionally
used to prepare the mixture for freeze-drying the residue was
visible (salts from de Jalons soln.) and the solution of the
residue showed 97% recovery as calculated from uterus and 140%
as calculated from the duodenwmn, The apparent high recovery
from the ducdenum was ascribed to the depressor effect of the
hypertonic solution,

Attempts to desalt the neutralised effluent from the Amber-

lite column were unsuccessful but indicated that 1f a solution

* Elgastat deionised water
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of BK ig to be reduced to dryness, extra precautions had to
be taken to prevent major adsorbtive losses on the glass sur-
face even though the latter is siliconised, The presence of
a residue in the evaporating flask seemed to be desirable for

maximum recovery,

(c) Final fo f Extraction
Experiments were performed to test the stability of synthet-

ic BK in NH4OH at pH 11 over a period of time, The pooled efflu
ent from the Amberlite column corresponds to a NH40H solution
of 0*36 M and has a pH of 11, BK was maintained in such an
NH4OH solution at room temperature over a period of 1 hour and
samples were assayed over this period of time to follow any
destruction that might be occurring., It was found that no sig-
nificant decay of BK occurred over this period. This indicated
that the eluate from the Amberlite IRC 50 column could be pool-
ed and without neutralisation evaporated to dryness in a rotary
evaporator, This was subsequently done at 35 -~ 40° C, The
ammonia from the solution is extracted in a few minutes and the
ml of eluate can be reduced to dryness in approximately 15 min.
The loss which occurs due to adsorption to glass surface

vhen the extract is evaporsted to dryness was overcome by fur-

35
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ther treating the glass surface with hexadimethrine remide
and the use of casein to provide an inert residue.

The use of hexadimethrine dromide ( Polybrene, Abbott ) was
suggested by the studies of Eisen ( 1964 ). BHexadimethrine bro-
mide is a polymeric quaternary ammonium salt ard has positive
charges on its quaternary ammoniuwm groups ( Armstrong and Stew-
art, 1962 ) and its effect on the electrcnegative charges on the
glass would contribute to the rejection of the positively charged
BK molecule from the glass surface.

The work of Page and Bumpus (1961) on angiotensin had shown
that no loss by adsorption occurred with crude angiotensin,pro=-
bably because of the detergent action of peptide or protein im=-
purities in the system; the losses encountered with pure angio-
tensin could be overcome by the use of 0°25% soluble casein add-
ed to the solution,

The siliconised evaporating flask 1s treated with hexadimeth-
rine bromide by rinsing with a 1 mg/ml solution and drying in an
oven at 40° C. Before the eluate is collected in this flask 1 ml
of 0+25% casein solution ( Appendix 1 ) is added to the flask. Onm
evaporationto dryness, a residue is left on the walls of the flask
which consists of casein, BX and a small amount of proteinaceous
matter which has survived the purification procedure. The res-
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idue rapidly dissolves on agitation in 10 ml de Jalons solut-
ion, which now contains 0.025% casein, A solution of 0°025%
casein in de Jalons, when applied to the superfused uterus
and duodenum, has no effect on either of these preparations.
When a solution of BK in Elgastaﬁkis evaporated to dryness
without casein in a flask whigh has been pretreated with hexad-
imethrine bromide, the recovery is variable but in such a pure
system may only be 70 - 80%., Addition of casein increases re-
covery by 20%. The usefulness of casein is not quite so evident
when recoveries of BK from whole blood are performed, because
the blood extract itself contributes some amounts of protein
material to the extract which acts in the same way as casein,
However, the amount of protein that appears in the extract is
variable, During the course of the work it became evident that
if some recovery extracts were remarkable for their purity,as
judged by colcour and lack of turbidity, recoveries were often
poor, if, however, casein was added routinely, persistently
good recovery values were obtained, The use of casein has dne
other advantage, it forms an easily visible residue on the glass
surface in the evaporating flask, and if evaporation is stopped
as soon as there is macroscopic evidence of dryness, the res-

idue is very easily redissolved in de Jalons. Complete taking

o
Elgastat deionised water
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up of the residue in de Jalons is thus readily visible -- this

i{s an useful guide to the extent that rinsing has to be contin-
ued and always leads to good recovery of BK from the evaporat-

ing flask,

The final extract, in accurately measured 10 ml of de Jalons
solution is now ready for assay., If the extract is not to be
assayed that day, it is placed in a 50 ml polythene bottle
which has also been treated with hexadimethrine bromide, and

is stored in the deep freeze,
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d. BIOLOGICAL ASSA

The unique advantage of using rat uterus and rat duodenum
for assay of plasma kinins has been discussed by Horton (1959).
The uterus contracts and the ducdenum relaxes to similar (nano-
gram) concentrations of the plasma kinins, Other biologically
active substances also have an effect on these tissues, but the
following considerations will demonstrate that these tissues when
used in parallel provide a reliable and specific method for kinin
assay,

Both vasopressin and oxytocin cause a contraction of the
uterus and in very high concentrations a relaxation of the duo-
denum., This difference in doses of the two oxytocic polypep=-
tides necessary to produce equiactive responses on the two tis-
sues, makes them immediately distinct from plasma kinins, Gad-
dum (1955) has introduced the term "index of discrimination”
and in this situation the index of discrimination of the oxyto-
cic polypeptides from the plasma kinins is very high., Angioten~
sin in high doses will also cause a contraction of the uterus

and in still larger doses & relaxation of the duodenum, but
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the doses required and the high index of discrimination will
easily distinguish between naturally occurring anyictensin
and the plasma kinins, Substance P, acetylcholine, S5-hydroxy-
tryptamine and histamine, all cause a contraction of the duo-
denum, The catecholamines will cause inhibition of the duo-
denum and uterus, but only in concentrations of 10"6 .- a
concentration that is not ercountered in normal plasma,

The technique of superfusion in assay of active substances
on isolated plain muscle has been described by Gaddum (1953),
The main advantage of superfusion over perfusion is that the
active.substance to be tested, can be applied Qirectly to the
surface of the muscle by stopping the flow of the superfusate,
The test substance need not be diluted in a volume of perfus-
ion fluid in the organ bath, enabling am@ll amounts of low con-
centration of active substance to be assayed, For these reas-~
ons the technique of superfusion 1s very suitable for the assay
of the small concentrations of BK to be expected in human blood.

™e rats used were of Wistar strain of 150 G or more, treat-
ed 18 hours before with 0°1 mg stilboestrol subcutaneously (see
Appendix 3), The rat is killed by a blow on the head and the
abdomen is immediately opened and the horns of the uterus and
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the duodenum removed and placed in de Jalons solution, The
mesentery is carefully dissected from the organs and only the
proximal 3 cm of the ducdenum used. Lengths of cotton are fix-
ed to each end of the tissues by one stitch,using a needls,
These manipulations are carried out with the tissues in a Petyli
dish, submerged in the de Jalons solution and undue stretching
and handling of the tissues with fingers is avoided. The tis-
sues are then placed in double walled, glass organ baths ( Figs,
7, 8, 9 ), The bottom tie is anchored in the organ bath, the
top tie is fixed to the end of a frontal writing lever, thus
suspending the tissue clear of the walls, The weilght on the
butt of the writing lever can. be conveniently adjusted with
plasticene, and the tissues are stretched by moderate tension,
Both levers have a magnification of 1 in 10, The urgan baths
are adjacent and the recording levers from both tissues record
excursions due to changes in tissue tone on the same smoked kym=-
ograph paper, The writing points and levers are so arranged
that recordings of uterus are immediately above the recordings
fram the duodenum, so that immediate comparisons of responses
are readily made, The water jackets of the organ baths are ir-
rigated with water from an adjacent temperature controlled water
bath at 31° C ( Thermomix, B, Braun, Melsungen),
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Fig, 7. Organ chamber, showing deuble glass
w&ll whareby the wall of the chamber can be
irrigated with water at & regulated temperat-
wré, The Immedlete envirorment of the tissue
carn be kept constant at the desired temperat~
ure., The supgrfusate (de Jalons solution) de-
livered to the top thresd in a dropwise man-
nars; bathes the tissue and 1s then lost in

the wasta,



Fig., 8, Biological assay apparatus. A thermostatical-
1y heated (Braun pump) water bath provides con-
stant temperature for assay samples,spiral war-
ming coils (for de Jalons superfusate) and the
tissue chambers., Separate aspirator bottles
for each tissue contain the superfusate. De-
livery of de Jalons to the tissue can be reg-
ulated by separate taps and fine adjustment
screw clips.,

Excursions of the tissues are recorded by
frontal writing levers on smoked kymograph
paper. '

Pig., 9, Close up view of organ chambers. Isoclated
rat duodenunm at left and isolated rat uter-
us at right., Using adjacent organ baths en-
ables records from both to be made and plac-
ed closely on the same kymograph tracing.
See Fig. 10 for uterus and duodenum record-
ings.
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The superfusing fluid contained in aspirator bottles sup~
plies de Jalons solution independently to the two tissues by
gravity, passing first through a warming coil (312 C) and £il-
ter (glass wool) and then through a glass tube whose tapered
tip rests against the thread suspending the tissus, The super-
fusate is delivered at approximately 30 d.p.m., sufficiently
high above the tissue so that on falling, it breaks and bathes
all sides of the tissue evenly, The delivery of the superfus-
ate can be interrupted by a tap in the line to each preparation,

Both tissues require time to stabllise (usually 1 hour) and
during this time progressive relaxation of the uterus and taking
up of tone of the duodenum occur. The drum is allowed to ro-
tate at a slow speed, 8o that these events will be displayed
and also any spontaneous activity of either tissue will be clear-
ly manifested, After an adequate period of stabilisation, the
position of the writing levers is appropriately adjusted and
counter balance applied so that maximum sensitivity ( if it is
required ) can be obtained, The tissues are now ready for assay.

Standard solutions of BK, prepared with de Jalons solution,
placed in test tubes with individual teat pipettes are main-
tained at 31° C in a rack in the common water bath, Doses are

applied at 3 or 4 minute intervals, The time interval adopted
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is maintazined for the duration of the assay. Superfusion is
stopped 30 sec, before & dose is applied, this allows all excess
solution to drain off the tissue and is particularly necessary if
doses of BK to be used are of small magnitude., A standard dose
of 6 drops on each tissue is used. Such a relatively large vol-
une is essential because although with superfusion response de-
pends mainly on the concentration, with very small concentrations
volune does contribute and with threshold doses & difference of
two drops may decide between response and no response,

A contact of 30 sec. is allowed, after which the superfusion
is turned on again, As often happens, the response of the uterus
to a small dose commences after the superfusion is turned on --
this may constitute a non-specific trigger to the smooth muscle
but in no way has it been found to invalidate the results, since
the size of the response is still dose related. Before doses of
the unknown are applied, it is well to oonfirm that the tissues
are sufficiently responsive to react to the amounts lLikely to be
encountered in the extrsct to be assayed, Since four-point bio-
assays have been used, it is necessary to establish the ability
of both tissues to respond to two doses in a suitable ratio,
(usually 2:1), with readable excurslons and sufficient steepness

of slope in the dose ~ response relationship to give acceptable
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precision in the assay.

Responses to isolated tissues are often related in an approx-
imately linear fashion to a log transform of dose over a limited
range, The standard doses of BK are therefom chosen to fall in
this range of the dose-respanse curve. Alternately, the tension
on the tissues may be changed to achieve responses that fall in
the linear part of the dose-response curve, Dose manipulations
are done with the standards and the unknown need not be thawed
out, until a suitable pair of tissues has been shown to funct=-
ion satisfactoraly.

The limit of sensitivity of the method is usually imposed
by the uterus preparation., Conasiderable increase in sensitiv-
ity of this preparation can be achiwod by treatment Mth chym@=
trypsin as suggested by Edery (1964), The uterus is primed with
chymotrypsin prior to every application of the standard, until
maxinmum sensitivity has been established and has become stable
( Fig. 12, see also Appendix 3 ), When a satisfactory dose-
response relationship for the two standard doses has been est-
ablished for uterus and duodenun ( with or without chymotrypsin
for the uterus), assay of the unknown can be undertaken.

By appropriste dilution, one dose of the uninown is fitted
to give a response between the two standards, the other concen=~
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tration of the unknown is then made up so that the ratic of the
unknown concentrations is the same as that of the standards (Fig.
10).

The applications during assay are made in a 4 x 4 Latin
square design. The aszay of one sample takes one hour, A num-
ber of assays can be often done on the one preparation and it
is particularly convenient if the samples zre of the same order
of potency. Although the use of chymotrypsin is advantageous
in that its effect on the uterus increases the number of prep-~
arations that are sensitive enough for assay, it shortens con-
siderably the period over which the uterus behaves reliably,
Seldom cam mope than three consecutive four point assays be per-
formed on a chymotrypsin treated uterus, as with repeated chymo-
trypsin applications the tissue loses sensitivity and eventually
fails to discriminate between different doses, In recovery assays
where the final concentration of BX in the blood is 10 ng/ml,
great sensitivity of the uterus is not essential and the use of
chymotrypsin in unnecessary,

Below is shown typical result from a 4 point assay of an ex~
tract of blood, where recovery of 10 ng/ml ( a total of 300 ng
added to 30 ml of blood) is estimated,



Fig. 10,

Fig, 11.

Responses of uterus (contractions) in the top
trace and duodenum (relaxations) in the lower
trace, to ( 4 ng/ml & 2 ng/ml) doses of BX and
to blood extract ( u and u ) which contains BK.
The low and high doses of "the standard and un-
known are in the same ratio,

The effect of an extract u, which contained ser-
otonin contamination,in addition to BX,on the
rat uterus and duodenum, Serotonin contracted
both tissues. Addition of BOL'at a concentra-
tion of 10 G/L in the superfusate blocked

the serotonin effect and unmasked the presence
of BK, The effect of a standard dose of BX

( 1 ng/ml ) was unaltered by the presence of

BOL in the superfusate,

* BOL = 2 bromo~ N,N Lysergamide bitartrate
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Fig, 11.



Fig, 12, Sensitisation of the rat uterus to BK by chymo-
trypsin, The preparation was primed with a solution of
chymotrypsin (409;%/ml) prior to every application of a
dose of BK ( 2 ng/ml ). Maximum sensitization is usually
achieved in about 20 min, i,e. after about 6 - 7 doses,
Priming has to be continued throughout the assay as sens-
itivity will begin to decline if priming is omitted for
one or two doses, Note the depression of the base line
occurring with the development of increased sensitivity,



CHYMOTRYPSIN

2 ng/mi BK

MINUTES

Fig. 12
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Recovery assay;
Hotations:
sy = low standard = 2 ng/ml
85 = high standard = 4 ng/ml

u = low unknown =
i 1%
By = high unknown = 7%5

These doses are applied to the uterus and duocdenum in the
oxrder ghown by the Latin square,

5
82
W | Y2 | 8 | %
42
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Inserting actual responses, measured in mm from the kymograph

tracing
Uterus
Sets Contractions in mm,
81 2] Y Y
1st 22 71 24 69
2nd 21 68 20 74
3rd 17 87 13 62
4th 13 77 26 71
Totals 73 I03 88 276
Duodenum

Relaxation in mm,

Sets

Bp } Bz § ¥ ) YB
Ist 23 26 25 22
2nd 22 35 22 26
3rd 20 33 25 37
4th 31| 41| 30| 43

Totals ' 96 | 135 | 102 ' 128
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(Gaddum,1959),

In calculating the potency of the unknown the assumption
has to be made that for both the tissues the relationship be-
tween response and log dose, over the range of doses employed
in this assay, is linear, Since only two dose levels are used,
there is no proof that this is so, but this can be ascertained
with certain amount of confidence by prior testing of the tis-
sues with various doses of standard prior to assay, It is also
implicit that to calculate the relative potency of unknown to
standard, the dose-response lines for the solutions are parallel,
Divergence from parallelism can be tested for significanee by
analysis of variance (Appendix 4),

From the assay data in tlie tables above calculation of
relative potency of unknown to standard can be made,

AResp ((u = 5 )
log Relative Potency = Estlmated &Lope
(Resp = response in mm)
A Resp: can be calculated from two sources of information
viz, Uup = 8
and
8q = 85y
The average of these would then be
1/2 (uy = 85 + uy = 8;)
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. = A.m%_
w' A log dose
(individually fox
s and u )
= 878 S
log 2 log 2
Average estimated slope = 631 -8 +u, -~ ul) 1
0.3010 z

Hence log Relative Potency (M) = 1/2 ( Uy = Sy % uy - sl) 03010

i/2 (92 -8 +tu, - ul)

(32 -8 +u, - ul)

Applying this formula for log relative potency, the concentrat-
ion and hence the recovery of bradykinin in the sample can be
calculated,
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From uterus:

M = 0°3010 x ( 276 - 303 + 88 - 73)
( 303 - 73 +276 ~ 88)

0+3020 .(- 12)
41e

=—.0086

Potency in % = 100 x antilog -0°+0086
= 100 x antilog 719914

U

98%

Concentration of u, = (+98 x 4 ng/ml

Concentration of extract 0+98 x 4 x 7*5 ng/ml

Total amount in extract = 0°'98 x4 x 7°5 x 10 ng

% Recovery 0+98 x 4 x 7.5 x 10 x 100

%

300

i

98 %
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From_duodenwn

Using similar calculation, from the assay data
Potency in % ( of u, ) = 99%

Also recovery = 99%

The average recovery from these tissue assays is then 98,5%.

Since the endogenous BK in the blood sample to which an ex-
cess exogenous has bgen added for recovery study forms such a
small fraction, it can be ignored in this situation, Wwhen re-
covery estimations of smaller amounts are made e,g, 0.5 ng/ml,
endogenous BK level must also be estimated so that appropriate
allowance can be made in the determination of the recovery of
added BK. In calculating the endogenous BK levels in blood the
sane mathematical approach is used, except that now the concen=

trations of the standard BK solutions are necessarily smaller,
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TABLE 1.

RECOVERY OF BX EDDED TO COLLECTION
SYRINGE AT DIFFERENT LEVELS,

ggggﬁt % Recovery Mean
250 ng/ml 88
50 ng/ml 109

10 ng/ml  96,90,106,99,92,97,99, 96
96,99,91,97,107,95,80,
92,105,105,80

1 ng/ml i1co

0.5 ng/ml 83,110,90,101,103 97

OVERALL MERN RECOVERY 97%
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. RESULTS

Recoveries

As a test of the method of extraction and assay to measure
blood BK levels, recovery experiments were performed covering
a wide range of concentrations of internal standards added to
the collection syringe. BK was added to the collecting syringes
to give a final concentration varying from 0+5 - 250 ng/ml. The
recoveries are shown in Table 1, The recovery values listed
are the averages of parallel estimations on the uterus and
duodenum ( see Appendix 4 ). There is no difference in recover~
ies of BX over the mangs of concentrations used, and it i3 to
be noted that the lowest concentration used is of the order of

BK levels naturdlly occurring in the blood,
ﬁrterial blood BK levels

The arterial biocd BX levels found in 3.8 normal subjects
are shown in Table 2. The blood was collected from some sub-
jects specifically for normal blood BK estimations, In others,

resting arterial blood BK estimations were made as part of an



TABLE 2

Arterial BK levels in 18 subjects., Columns 4 and 5 show results
of assay on rat uterus and duodenum respectively, Column 6 shows
the mean of these 2 levels.

Recovery values are mean of uterus and duodenum assays on blood
to which BK was added in the withdrawal syringe,

* Averages of replicates used in calculation of the mean.
Replicates on P.A, and C.J, estimated on different occasions.

BK level ng/ml

Subject Sex Age Uterus Duodenum Mean Recovery

R.C, M 19 0.02 0.03 0.03 110%
T.F, M 19 0.07 0.07 0.07 90%
* P.A, F 27 0,07 0,11 0.09 82%
* R.R, M 20 0.09 0.11 0,10
0,10 0,12 0.11 96%
0,09 0,11 0.10
N.P. M 20 0.11 0,14 0.1i2 99%
H.M, F 45 0.11 0.15 0.13 92%
P.S F 40 0.14 0.14 0.14 90%
R.A. M 35 0,13 0,17 0.15  (not done)
L.T. F 34 6.14 0,16 0.15 91%
R.S. M 20 0.17 0.15 0.16 101%
* BLK, M 20 0.12 0.18 0.15 97%
0,14 0.18 0.16
B.McG F 44 0.16 0.20 0.18 107%
D.F. M 25 0.17 0.18 0.13 103%
¥ P.A P 27 0,21 0.29 0,25 99%
% R M 36 0.23 0.33 0.38
0.19 0.30 0.25 95%
J.Y. F 21 0.37 0,36 0.36 86%
* A.B. M 23 0.52 0.65 0.59 92%
0.50 0.77 0.63
G.S. M 44 0.60 0.90 0.75 80%
®CL.J, M 21 0.70 0.90 0.80 105%
* C.J. M 21 0,70 1,2 0.95 105%

Mean .22 ng/ml  ,28ng/ml ,25 ng/ml  97%
s.D. .19 ng/ml .28 ng/ml .23 ng/ml
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experiment., In all instances, the collections were made from
the subject lying on a couch and after a period of quiet rest
for approximately 30 min. The mean level from 18 subjects is
0.25 ng/ml (SD 0,23 ng/ml)., The age of the sudbjects ranged
from 20 to 40 years; no age or sex difference waa found,

In C.J. the levels at an interval of 9 months were very sim-
ilar but in subject P.A, who was & young woman with vasomotor
instability, there was a marked difference in the two estima-
tions made 3 weeks apart ( see Discussion Part 5),.

DUPLICATE VARIABILITY
Two sequential BK estimations were made on 7 subjects. Four

of these were subjects presented in Table 2 (R.R.,B.K.,J.R. &
A,B.); three others were subjects studied subsequently, but in whom
duplicate estimations were also made, either on arterial or venous**
blood; these latter are included in the table below for convenience
and the pooled results are used for the estimation of duplicate
variability of the method of extraction and assay, It is shown
that when the average of estimations by uterus and duodenum is

used, duplicate variability is only 5,5% ( ¥ 4.9% as 95% con-
fiderce limits).



DUPLICATE VARIABILITY

v

Uterus Duodenum Average
Diff Diff Diff
BK ng/ml BK ng/ml BX ng/ml
R.R. 0,09 0.11 0.10
6.10 11% 0,12 9% 0.11 10%
ToefEl s 0.13 0.17 0.15
0,17 31% 0.13 31% 0.15 0%
B.X. 0.12 0.18 0.15
0.14 bk 0.18 0% 0.16 6,6%
J.R. 0.23 0.33 0.28
0.19 21% 0.30 10% 0,25 12%
M H ¥ 0.36 0,32 0.34
0.32 12% 0.36 12% 0.34 0%
ALB, 0.52 0,65 0.59
0,50 4% 0.77 18% 0,63 7%
L.H.* 1.07 1.07 1,07
1.19 T 1.01 6% 1,10 2.8%
Mean +_15.3% 12,3% 5.5%
S.E. T 3.3% t3.7% t 2.,0%
95% confidence
limits
+ + +
(tg = 2.45) 15.3 = 8.29% 12,3 - 9.07% 5.5 - 4.9%

" Patients with the carcinoid syndrome ( see Part 5),
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Two important facts emerge fram an inspection of the res-
ults of normal blood levels as estimated by uterus and duodcnum
assays. The mean for duodenum results from the 18 sudbjects is
0,28 ng/ml c,f. 0.22 ng/ml for uterus; also the scatter of the
duodenum assays is greater then for uterus assays viz, SD for
duodenum assays is 0,28 ng/ml and for uterus assays is 0,19 ng/
ml., These findings can be accounted for by a consideration of
the behaviour of the duodenum as an assay tissue. Since the
change in length of the duodenum is smaller than of the uterus
for a given dose of BK, duodenum assays are characterised by a
emaller slope of the dose response curve, This gives less pre-
cision and inevitably greater scatter. The duodenum is also
very sensitive to non-specific impurities which when present
in the extract can cause some relaxation of the tissue indepen-
dant of the concentration of BK in that extract. The bias to-
wards higher assay values from the duodenum is most likely due
to impurities in the extract which have escaped the purification
steps,

More information about the divergence of the results was
obtained by statistical analyasis of data from recovery exper-
iments and from endogenous BX estimations, The assays of re-
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covery BK ( 10 ng/ml ) and endogenous BK are distinguished by
the fact that a much greater dilution of the recovery extract

is made prior to assay. The dilution may be 5 - 15 fold great-
er and higher standard concentrations are usually employed. Both
these factors would tend to minimize the effect of any impurities
present in the extract.

The statistical analysis ( Appendix 4 ) shows that there is
no significant difference between uterus and duodenwn assays in
the pecovery estimations, and there is no significant divergence
from parallelism of the standard vs unknown dose-response lines
for both tissues,

The difference between ous levels as estimated
by uterus and duodemum assays are significant at the 5% level
and & mean difference of 30% is found, There is no significant
deviation from parallelism for the standard and unknown dose-
response slopes for the uterus, although the deviation is sig-
nificant fcr the ducdenum for the group data, It seems then
that the impurities present in the extract effect only the
duodenun and are not influencing the assays on the uterus, Re-
gression analysis of the bias of the duodenum assays as compared
to the corresponding uterus values shows no trend over the range
of values of BK concentrations assayed in normal subjects, There
is a constant bias of + 30% (% 10% as 95% confidence limits),
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f. DISCUSSION
s of meth stimati bl K levels are:

1, Recoveries of internal standard averages 97%, This order
of reéovary is maintained over a wide range of internal stand-
ards, from 250 ng/ml to 0°S5 ng/ml.

2, The final extract of endogencus BK is sufficiently pure to
allow assay ( in some cases with little or no dilution of the
extract ) on superfused preparations,

3. The method is sensitive enough to enable thc estimation

of BK levels in all normal subjects so far studied.

4, The use of uterus and duodenum provides maximun sensitivity
and specificity and any interfering substances can be readily
detected ( Fig, 11).

5. Use of chymotrypsin on the superfused uterus can increase
its sensitivity to doses of BK as low as 5 pcg/ml in some prep-
arations, This sensitlivity 1s exceptional, but one to 50 pcg/ml

can be frequently obtained.
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1, Large amounts of blood are required for each individual
estimation,

2, The method is cumbersome and time consuming,

3. The method of blood collecticn requires arterial or venous
cannulation,

4, The final blood extract still contains impurities as shown
by its effect on the duodenum, but this‘vmor is constant and
the drawback is offset dy the gain in specificity,

The achievement of a salt free extract depended upon the
realisation that BX will remain stable in pH 11 NH4OB for a
period of time sufficient to remove the ammonia by rotary evap=-
oration, The closer to purity that an extract approaches the
greater is the risk of losing BK by adsorption to glass surfaces
in the final steps of purification, especially when the extract
is evaporated to dryness. This has been minimised by the use
of hexadimethrine bromide to treat the glass surface of the evap-
orating flask, and the use of small amounts of casein to provide
and inert residue, |

Although the assay method will not distinguish between the plas~



82

ma kinins, for reasons stated in Part 1 the major kinin pep-
tide present dn blood is probably BK. Endogencus BX levels

are too small to allow any'chémical characterisation from the
extracts, such as by paper electrophoresis or thin layer chrom-
atography,

The slightly higher results given from duodenum assays do not
poee & serious problem. It is important to emphasize the impli~
cations and consequences of the discrepancy between the uterus
and duodenum assays. The presence of impurities in the extract

for assay would effect the duodenum in two ways:

(a) they cause the duodenum to relax out of pro-
portion to the BK content in the extract,

(b) since the effect of dilution in the low dose
of the unknown is differeht on BX and impur-
ities, the dose-response ( D-R ) line of the
unknown assumes a slope which deviates ;Qrm
parallelism from the ( D-R ) line of the
standard,

Analysis of variance was performed on results ( Table 2 )



that showed the most marked discrepancy between values from
the two tissues. It showed that in the individual assay, the
divergence from parallelism is not significant and does not
prohibit an estimation of a relative potency of the extract by
the method used, However, when group data are tested by a
paired t test, it is shown that some of the discrepancy ( 30% )
that exists between the uterus and duodenum assay results is
due to a divergence fram parallelism within the duodenum
assays. Regression analysis shows that the bias produced by
the combination of (a) and (b) (above) is constant over the
range of levels assayed in normal blood, and duodenum assays
are valid as long as this bias is recognised. In other words
variations in blood BX levels over a normal range can be re-
liably estimated on the duodenum.. Although the mean blood BK
level calculated from duodenum assays is higher by 30% than
the mean level estimated with the uterus, no correction factor
can ba validly used to treat individuval assay results., With
95X confidence limits any duodenum estimation will iie in the
range of L 10% of a value 130% higher than the value obtained
by uterus assay., The point may be raised that uterus estimat-
ions only should be used as a true measure of blood BX levels.
However, greater accuracy is achieved by averaging the values
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from the uterus and ducdenum, This is éxemplified by inspect-
ing recovery values ( Table App, 1) and the decrease in variab-
ility in sequential replicates when the values from the two tis-
sues are avesaged,

Some comment is needed regarding the normal levels presen-
ted here as compared with normal levels reported by other work-
ers. Allwood and Lewis ( 1964 ) report an average BX level in
venous blood collected from the forearm of 32 ng/ml, with simil-
ar levels in arterial blood, using a method of extraction and
assay which gives recoveries ranging from 6 - 80%, Fasciolo
( 1964 ) using the method of Binia et al, ( 1963 ) reports val-
ues ranging from 0 - 2 ng/ml, in femoral artery and basilic vein
blood; Abe et al, ( 1968 ) report kinin levels of 0 - 2 ng/ml
using a method which gives recoveries of added BX of approxi-
mately 5CX. This latter range of levels is derived from 12 es-
timations in eleven of which zero levels were detected. One
must agree with the conclusions of Webster and Gilmore ( 196S),
that the high levels encountered in studies such as those of
Allwoad and Lewis may have been due to activation of plasma
kallikrein during the withdrawal of blood samples,

In a more recent report from Carretero, Nasj?latti and Fas-

ciolo (1965) values of kinin in arterial and venous blood of
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0 - 4,0 ng/ml have been found, with an average of 1,2 ng/ml; one
wonders whether the collection of blood through needles may have
caused some generation of BK in the collection process. Accord-
ing to Margolis and Bishop ( 1963 ), 1.5 micrograms of BK can
be released from 1 ml of plasma ,i:y kallikrein which has been
activated by the Hageman Factor, Only a small amount of BK re-
leased from such a plasma reserve could produce marked elevations
of plasma BK levels, Carretero's et al, findings that venous
and arterial blood do not diffef significantly in kinin content
lerds support to such possibility, for as will be shown later in
this thesis, there is normally a higher arterial than venous
BX level ( Part 3 ),

It is interesting to draw a comparison between the levels
of BX in arterial blood 0,25 ng/ml ( 8D 0,23 ng/ml ) and the
levels of adrenaline and noradrenaline. The blood levels of
these catecholamines as reported by Vendsalu ( 1660 ) are adren-
aline 0.23 ng/ml ( ¥ 0.02 ng/ml ) and noradrenaline 0.31 ng/ml
( 1 0,02 ng/ml ), It is interesting to note that two very
phaxmacologically active substances occur in such similar con-

centrations.
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The establishment of the presence of bradykinin in arterial
blood in all normal subjects so far investigated, indicated that
the kallikroin-kininogen-kmm-kinmu system in the body
must be in a state of turnover. It leaves one to wonder then
what the possible significance of these small concentrations
might be,

Since blood contains an inactive form of the kinin forming
enzyme kallikrein (Werle, 1955), the substrate bradykininogen
(Diniz § Carvalho, 1963) and an extremely active kininase (Erdos
& Sloane, 1962), the concentration of the peptide at any time
may be determined by some physiological control mechanism acting
on one or more of the four reactants in this system., On the
other hand the presence of BK may simply represent an aimless
process of generation and destruction., In other words, the
presence and the leveli 57 cmcentmtien.of BK in the blood may
have some physiological significance or it may be entirely for-
tuitous, Even if the turnover in dlood is of no significance,
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another possible source of biood BK is a ieakage away fram
tissues where BK is thouyht to be generated and to function as

a vasodilator e.y. salivary gland (Hiiton § Lewis, 1955 a, b;
1356) skin, (Fox & Hiiton, 1958) or the pancreas (Hiliton § Jones
1263), and the .evel of tissue productisn may be Largely or en-
tireiy responsibie for the extent of its occurrence in blood.
The effluent venous blood BK levels from theae sites during
their activation have not been studled but there is evidence
that during sweating there is increased concentration of BK

in the interstitial spaces (Fox §& Hilton, 1958) and also in-
creased BX concentration in interstitial fluild following tissue
injury in animals (Rocha e Silva & Antonio, 1960 ; Rocha e Silva
& Rosenthal, 1961). Lymph from traumatized hind limbs of dogs
has also shown evidence ¢of changes in kinin metabolism e.g, in=-
creased kinin-forming activity (Edery & Lewis, 1963 and increas~
ed kininase activity (Jacobsen & Waaler, 1966).

The diificuities in interpreting lLymph and interstitiai f.uid
studies are obvious., Lymph coliection is a very slow process
and by the time it is analysed ior kinin content, a.lL of the
latter may have disappeared, particulariy if injury is associat-
ed with increased «ininase activity. Coliection of interstitial
fluid entaeiis the grossiLy abnormal conditions during perfusion

of the region with physioioyical soiutions and invoives the risk
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of kallikrein activation by diiution. The assay of blood drain-
ing certain regions for kinin content,as an index of kinin turn-
ovar in that region, has certain advantages, the chief one being
that blood which has perfused the particular region is readily
available from the draining vein and in most instances rapid col-
lection of adequate amounts of blood can be made.

The studies of Aliwood & Lewis (1964) seemed to indicate that
any correlation between hyperaemic states and B involvement would
be difficult or impossibie since they found that infusions of
large amounts of synthetic BK into the brachial artery produced
little or no change in BX levels in the effluent vencus blood.
Since some criticism can be levelled against their methods of BK
assay and on the vaiidity of their BX levels in human blood (see
Part 2), it was necessary to repeat such infusion studies to see
whether the present method of BK assay could detect changes in
bicod BK levels when small doses of infused BK were producing
moderate haemodynamic changes. This was done by assaying efflu~
ent venous blood for BK content during the infusion of BK into
the brachial artery. Similarly BK was infused intravenously,
and changes in arterial BK levels were estimated during the
changes in blood pressure that occurred as the result of the
infusion,

Following these preliminary studies, the hand was chosen as
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a peripheral site across which studies of arterio-venous differ-
ences in endogenous BX levels could be made, The purpose of

this was to investigate any participation of a peripheral site

in modifying blood BK levels. Firstly by an appraisal of the
arterio~venous (A-V) differences in BX levels that exist in rest-
ing conditions and secondly during hyperaemic states in the hand,
Sampling of arterial blood entering and venous blood leaving the
hand is relatively easy and measurements of blood flow are readily
made, The hand also represents a fairly homogenous vascular bed
which dilates in respcnse to various physiological stimuli which
may possibly act through the production of BK (Burch & De Pasquale
1962; Rocha e Silva, 1963), The hyperaemic states investigated
were those produced by direct heating,; cooling, and by ischaemia,
During these latter studies it was also noted that painful pro-
cedures, associated with reflex sympathetic discharge, caused a
fall in arterial blood BK, In one subject the effect of symp-
athetic blockade with bethanidine on blood BK levels was invest-
igated, The realisation of the ability of the sympathetic nerv-~
ous system activity to lower BK levels led to a comparison of
arterial and venous blood in terms of kininase activity, (See

Part 4 for action of catecholamines on blood kininase activity),
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b, SPECIAL METHODS

The methodes of blood collection and Blood BX estimation have
already been described.

BK infusions were made through an intravenscus or intra-arter-
ial catheter by a mechanically driven syringe,

Blood pressure recordings were made with a Statham transduc-
er (P 23 AC) and Grass Polygraph (Model 5D) from the intra-arter-
ial cannula used for sampling,

Hand blood flows during direct heating and reactive hyperaem-
ia were measured by venous occlusion plethysmography of the cone-
ventional type (Greenfield, 1354), Cold vasodilatation was pro-
duced by immersion of the hand in a stirred calorimeter contain-
ing water at an initial temperature of 0° C (Greenfield & Scarbo-
rough, 1949), The onset of the hyperaemia was associated with
an abrupt increase in heat elimination,

An estimate of kininase activity of blood being sampled was

obtained by incubating a mixture of blood and BX for a2 known per-
iod of time, then halting the process by the injection of the mix=-
ture into ethanol (0° C)., The amount of BK which had survived the

contact with blood was estimsted using the usual method of extrac-
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tion and assay, A S00 ng amount of BK in a volume of 0-1 ml was
placed in the collecting syringe and the syringe and its contents
were warmed to 38° C in a water bath, Five ml of blood were then
collected into this syringe from the artery or vein to give a fin-
al concentration of BK of 100 ng/ml of blood, Because of the
spall volune of the substrate placed near the nozzle of the syr-
inge immediate effective mixing occurred upon blood entering the
syringe. In view of .the high activity of the kininase, the in-
cubation period was reduced to a minimum, the lower limit being
set by the speed at which 5 ml of blood could be withdrawn into
the syringe and its contents injected into ethanol, R seven sec,
transfer time could be uniformly employed in all experiments and
served as the common incubation time for comparison of kininase
activities., To improve accuracy, four such collections were
made and pooled for each estimation. The BK which had survived

a seven sec. Iincubation period was expressed as the per cent
survival, The per cent survival value is thus distinct from

the per cent recovery, the former being a measure of kininase
activity whereas the latter is a gauge of the recovery of an in-

ternal standard,
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¢, RESULTS

(1) INTRA-ARTERIAL AND INTRAVENOUS INFUSIONS
BK was infused into the brachial artery in 2 subjects, Bisod
iow in the forearm was measured by venous occlusisn plethysmog=
raphy and blood was collected through a catheter introduced cen-
trifugally into a vein from the antecubital fossa on the side of
the infusion. The results of the experiments on the subjects C.J.
and I K, are shown in table 3. Increasing doses led to success~
ively larger increments in forearm blood flow. Infusion of 50 ng/
min in each subject resulted in an increase in venous blood BK
and the 100 ng/min dose led to a further rise, Figure 13 shows
diagramatically the results on the forearm blood flow and effluent
venous BK levels from the three intra-arterial doses in subject
C.J. Although the small dose 25 ng/min in C,J, caused an incresase
in forearm blood flow of 76%, there waes no accompanying change in
the effluent venous BK level. In this same subject, the 50 ng/
min infusion, which was the lowest intra-arterial dose to._csuse
a detectable increase in venous BK level was given into 70 ml of
blood flowing to the foresarm per minute. Therefore the maximum

rise in concentration which could be produced would be about
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(+7 ng/ml, but the actual level is certain to be much less than
this because of considerable destruction of BK in the blood and
its loss along with cher small molecular solutes by diffusion in-
to the tissues. The observed rise in venous BK level of one tenth
of this estimated maximwa might then be expected. In subject I.K,
a similar calculation shows an observed rise of one eighth of the
estimated maximunm when 50 ng/min are infused into the brachial
artery,

In one experiment BK was infused intravenously in doses of
50, 100, 200 and 400 ng/KG/min, Before and during each infusion,
blood was collected from the brachial artery for BK assay, Fall
in blood pressure in response ts intravenous BK is variable,but
the subject studied (J,Y,) was sensitive and rescted to 50 ng/
Kg/min with techycardia and hypotension and with this intraven-
ous dosage, a rise in brachial arterial blood level from 0+36 to
0-45 ng/ml was detected, Increasing the dose led to increases in
arterial blood levels as shown in Table 4 and Fig., 14. The small
increase observed in the arterial BXK level from intravenous in-
fusions can probably be accounted for by the same factors as the

venous blood changes during intra-arterial infusions.



TABLE 3

SUBJECT C.J, SUBJECT I.X,
I.A, dose % Increase in Venous BK % Increase in Venous BX
BX ng/min forearm blood ng/ml forearm blood ng/ml
flow flow

Control 0 0.55 0 0.74

25 76 0.55 - -

50 100 0.62 54 0.93

100 116 1.27 277 1,50

Changes in forearm blood flow and forearm venous blood bradykinin
levels during infusions of bradykinin into the brachial artery in

2 subjects.
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TABLE 4,

Dose ng/Kg/min

% fall in Mean

Arterial blood

B.P. during BK (ng/ml)
infusion
Control - 0.37
50 7.1 0.45
100 11,5 0.48
200 18.8 0.60

Changes in blood pressure and brachial arterial blood

bradykinin levels during intravenous infusions of BK
in one subject J.Y.
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(2) ARTERIO-VENOUS (A-V) BK DIFFERENCES

Bradykinin estimations were made on blood withdrawn simulgt-
anecusly from the brachial artery and a vein draining the fore-
arm ot haﬁd on the same side, The venous catheter was introduc-
ed centrifugally into the forearm vein, so that the tip of the
catheter was as close to the wrist as possible, Where such a
vein could not be cannulated, blood was taken from an ante-cub-
ital vein, The blood flow through the hand is extremely labile
and although in most instances adequate venous outflow could be
obtained at ambient temperature of 21° ¢, in some the hand had
to be warmed slowly in the hand plethysmograph ( to 38° C in one
case ) to obtain adequate blood flow for venous sampling. In
one case, however, blood could easily be collected when the
hand was at 17° C and blood flow was only 3 ml1/100 ml of tissue.
Eight sets of A-V estimations were performed in six normal sub-
jects and the results are shown‘in Fig. 15, In almost all in-
stances the arterial blood BK was higher than the venous; venous
blood from the hand at 17° C, however showed a level which was
higher than the arterial,

To exclude the possibility that venous blood BX estimations
gave falsely low results, & comparison was made of the recovery

of synthetic BX from arterial and venous blood., In eight such
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Amount o5f BK added % Recovery

10 ng/ml 108, 101, 99, 97, 97, 94, 92

1 ng/ml 100

Table 5. Recovery of bradykinin from venous blood, Brady-
kinin added to collecting syringe., Mean recovery 98%.
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estimations on venous blood, the mesn reccvery was 98% (Table
$). This compares very well with the mean recovery of 97% from
arterial blood (Table 1).

Kininase activity was also compared in arterial and venous
biosod in two subjects who showed & higher arterial than venocus
BK ievel., It was shown that in both cases venous blood had a
greater capacity for the destruction of BX. Figure 16 compares
the difference in BK concentrations in arterial and venous biood
with the kininase activity in blood from the same artery and

vein in these two subjectes,

(3) DIRECT HEATING AND VENOUS BLOOD BRADYKININ

The effect of direct heating of the hand in a plethysmograph
on the BK levei in the venous blood leaving that hand was studied
in three subjects, In all three a rise in BX occurred when the
temperature was raised from 33° C to 45° C. One subject exper-
ienced moderate pain in the hand at this temperature, the others
experienced only slight discomfort, Figures 17 - 19 show the ef-
fect on the hand blood fiow and hand venous BK of direct heating.
Arterial biood was also sampled throughout each experiment to

follow any general changes in circulating BK. The temperature
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in the plethysmograph was raised or lowered as quickly as pos-~
sible, and the recording of blood flow and sampling of venous

2nd arterial blood were carried out after a 10 - 15 min period

of stabilization at the new temperature. In Fig. 17 (subject
B.X,), raising the temperature from 330 C to 45° ¢ increased the
venous BX level from 0° 12 ng/ml €0 0718 ng/ml and a reversal of
A=V BX difference was noted, When the plethysmograph temperature
was returned to 332 ¢ there was a lingering elevation of blood flow
in the hand associated with a continued elevated BX level, Blood
flow continued to settle over a period of two hours. When it had
finally reached the pre-heating level of flow, the BX had also
returned to pre-heating level, During the whole experiment art-
erial blood BK showed minimal changes.

In subject C.J, (Fig. 18) flows were recorded and blood was
sampled at an intermediate temperature of 40° C as well. This
was done for two reasons,first to see whether in this subject,
who had also shown a high arterial blood BX level on a previous
occasion, speeding up of the circulation through the hand would
cause an increase in the venous BK levelj second, to see whether
the elevation of venous BK upon heating was a gradual and temper-
ature dependent process, With the hand at 40° C and a consider-

able elevation in flow, the venous BX level decreased from 0°17 ng/



98

ml to 0.15 ng/ml. Elevation of the plethysmograph temperature
to 45° C produced a rise in the BK level to 0°26 ng/ml. Return-
ing the temperature to 33° ¢ reduced the hand blood flow within
15 min and by then the BK level had also fallen to the pre-
heating value. When this subject experienced moderate pain at
45O C the associated sympathetic discharge was minifested by a
constriction of hand blood vessels in the opposite control side
and a decrease in arterial blood BK was noticed,

In subject R.R. (Fig. 19) the arterial blood BK level remain-
ed constant throughout the entire experiment at O0-11 ng/ml, but
the venous blood level rose from 0+11 ng/ml to 0-13 ng/ml*when
the temperature was raised to 45° ¢. In this subject because of
a very well-draining venous catheter, venous blood BK level
could also be examined at a very low rate of flow found when the
plethysmograph temperature was at 17° C, and the hand was being
perfused at the rate of 3 ml/100 ml of tissue/min. Arterial
blood entering the hand still contained 0°11 ng/ml BK but the
venous blood leaving the hand showed a doubled concentration
of 0:21 ng/ml,

The rise in BK levels in venous blood from the hand associat-
ed with elevation of the local temperature to 45° ¢ is sumnarised

in Table 6,

ot

p<0.05
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Fig. 17. The effect of direct heating of the hand on the arterial
and hand venous BK 1evels (ng/ml) and hand blood flow (m1/100 ml/
min). A reversal of the A~V BK difference was found at 45° ¢ and
the higher venous BK level was maintained during & slow return of
hand blood flow to’pre—heating 1evel. The change in hand blood
flow induced by heating to 45° c. persisted for 2 hours.
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Fig. 18, The cffect of direct heating of the L hand on the arterial
and hand venous BK levels (ng/ml) and blood flow (ml/100 ml/min)
through L (e) hand. Blood flow was also measured in the R hand (o)
which was maintained at a temperature of 230 ¢, There was a rise

4n BK in the effluent venous blood from the L hand when the temper-
ature was raised to 45° ¢, The occurrence of pain in the heated
hand was accompanied by a vasoconstriction in the control hand, A
fall in arterial BK level fyom 0°8 ng/ml to 064 ng/ml occurred
together with the sympathetic discharge.
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Fig, 19. The effect of direct heating of the hand on the arterial
and hand venous BK levels (ng/ml) and hand blood flow (ml/100 ml/

min) over a range of temperatures from 17° ¢ to 45° C. There was

a high venous BK 1evel and a low flow at the low temperature. A
fall in BK level occurred at 339 ¢ followed by a rise at 45° C,
Fifteen min after reduction of temperature to 33° C, blood flow
was approximately back to pre-heating (330 C) value, but the ef-

fluent venous BK level was still elevated.



Venous BK ng/nl
SUBJECT
313° ¢ 45° ¢
B.K. 0°12 0°18
(0 8 017 026
B.R, o°11 013

Table 6, Increase in venous blood bradykinin levels in
three subjects when the hand temperature was
raised from 33° C to 45° ¢,
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4) CTIVE AND VENOUS BLOOD

In two subjects hand blood fiow and changes in BX levels in
venous blood from the hand were studied before and during react=-
jve hyperaemia, This was produced by the release of a 10 minute
arterial occlusion at the wrist with a cuff inflated to 200 mm Hg.
Hyperaemia was induced three times in succession with adequate per-
iods of rest between each. During the second Tun, no flows were
recorded but venous blood was collected at times corresponding to
periods before, during and after the reactive hyperaemia.Figure
20 shows the hand blood flow and venous BK levels in one of the
subjects (R.S.). BX level fell from 0.48 ng/ml to 0.35 ng/ml
and was still low when the period of high blood flow had passed
three minutes later, In the other subject (N.P.) who had smaller
initial level of 0,12 ng/ml, the level during and after hyperaemia
was 0.11 ng/ml (Fig. 21).

(5) COLD VASODILATATION AND VENOUS BLOOD BX

In one volunteer, the onset of cold vasodilatation about nine
minutes after the immersion of the hand in water at 0° C was noted
by the subject as an easing of the severe pain in the hand and was
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Fig., 21. Reactilve hyperaemia was induced three
times in succession (1,2, & 3) in one hand.Hand
blood flow was measured in 1 & 3 only and hand
venous blood BK levels were estimated before and
after the second occlusion at times shown in
above figure. ( Subject N,P, )
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also evident as an increased elimination of heat from the hand
into the calorimeter, Venous blood was withdrawn through a
centrifugally directed catheter with the tip at the wrist,first
when the hand was immersed in water at 28° C and again at the
onset of vasodilatation before which event there was virtually
no blood flowing in the vein, Figure 22 shows the considerable
fall in venous blood BXK which occurred during the hyperaemia,
Immersion of the hand in ice water is & very painful procedure
and is associated with very intense sympathetic discharge. It
was demonatrated in another subject that during the entire per-
iod of irmmersion there was a complete shutdown of flow in the

control hand which was maintained at 32° C,

(6) THE EFFECT OF SYMPATHETIC NERVOUS ACTIVITY ON ARTERIAL

BLOOD BRADYKININ

The fall in arterial BK level in subject C,J, associated
with pain in the heated hand (45° ) and manifestation of in-
creased sympathetic nervous activity in the control hand at
33° ¢ (Pig. 18) was unexpected. In another subject arterial
BX level was estimated before and during the application of ice

to the neck, which is a recognised method of causing a general-
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ised sympathetic discharge ( Parks, Skinner § Whelan, 1961).
with this stimulus there was virtual disappearance of BK from
the arterial blood., In a third subject generalised sympathetic
blockade was carried out with intravenous bethanidine. This was
achieved with a dose of 0°5 mg/Kg administered over & period of
8 min, Blockade was cunfirmed by the absence of vasoconstricte~
ion in the hand upon application of ice to the neck and the el-
imination of the systemic blood pressure overshoot which normal-
1y follows the performance of the Valsalva manoceuvre, Arterial
blood BX was estimated before and after the blockade and showed
a 7°5 fold increase in BK level, The results of sympathetic

stimulation and blockade are sumnarised in Fig, 23,
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Fig. 22, Cold vasodilatation in the hand induced by immersion
of the hand in a calorimeter at an initial temperature of 0% e.
Onset of vasodilatation occurred after nine minutes. The de~-
creased venous BK level estimated at the onset of hyperaemla

is compared with venous BK levels from the hand at 28° ¢C.
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Fig. 23. Effect of (a) sympathetic stimulation, and (b) sympathet-
ic blockade on arterial blood BK. A moderate fall in arterial BK
level from 0°8 ng/ml to 0°64 occurred with pain associated with
heating of the hand in one subject. A fall from 048 ng/ml to

003 ng/ml occurred in another subject when ice was applied to

the neck. Sympathetic blockade was achieved with I.,V, bethan~
41dine and arterial blood BK rose from 0°04 ng/ml to 0-3 ng/ml.
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d, DISCUSSION

The intravenous and intra-arterial BK infusion studies show
that it is possible to detect changes in bloocd BK levels when
infusions of small doses produce moderate circulatory changes,

The loss of the infused BK across a vascular bed such as the
forearm is of the order of 90% which indicates the large degree
of clesarance of BK by peripheral tissue,

The fact that such increases in blood levels can be detected
suggests that with the present method of extraction and assay one
should detect changes in endogenously produced blood BK if the
latter is producing haemodynamic alterations, This of course
depends on the assumptions that either BK generation occurs intra-
vascularly or sufficient amounts of BK pass into the lumen of the
vessel from some extravascular site of production, It i3 conceive
able also that if BK does play a part in the regulation of vasec=
ular calibre in response to physioclogical or pathological stim-
uli, it may do so entirely from an interstitial, extravescular
site and no evidence of such BK participation would be obtained
by studying its levels in the blood,

Allwood and Lewis (1564) were unable to produce detectable
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changes in forearm venous blood BX until the infusion dose into
the brachial artery was raised to 1g@ﬁ/min. Comment has already
been made (Part 2) of the extremely high endogenous blood BK leve
els reported by ghase workers and one wonders whether their
methods are to blame for the negative infusion results,

That a difference exists in the estimated BX levels between
arterial and venous blood (c.f, Allwood & Lewls, 1964: Carretero
et al, 1965) is not due to different recoveries from venous and
arterial blood and must be accepted as a true difference, If
the venous blood leaving the hand has a higher BK content than
the arterial blood entering it, then it must be due to a generat-
ion in the pisx!pheral site, The interpretation of lower venous
levels found in most resting subjects is not clear cut because
of the numerous factors affecting the rate of production and
disappearance of BK from the blood, If disappearance of BK
from the blood is very rapid this may mask any loading which
might be occurring at the same time, The depletion of arterial
BK as it passes through a peripheral region such as the hand is
probably due to two main factors: destruction of the peptide by
the blood kininase and the loss by diffusion into the interstit-
ial spaces whare it would be destroyed by tissue kininases.

It has been shown that only about cne tenth of the BX infus-
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&d into the brachial artery can be recovered from the venous
blood draining that extremity, This extent of cleerance was
observed with & small intra-arterial dose of 50 ng/min and the
augmented venous levels resulting were still within the physiol-
oglcal range of blood BK Levels, The order of difference in
arterio - venous BX levels calculated from infusion studies

was not observed in any of the subjects in whom endogenous A-V
BK differences were studied ( highest A-V ratio was 4 ), and
indicates that the blood content must be replenished from the
periphery,

In one subject ( R,R, Fig, 19 ) where the rate of blood flow
through the hand was low and where the hand temperature was 17°C
( in comtrast to the other cases where hand temperature was 21 -
38° ¢ ) a remarkably higher BX level was observed in the venous
blood. This could be the result of the slow rate of flow en-
abling more BX to be picked up from the periphery, aided by the
diminished kininase activity at this temperature ( Abe et al,
1965), The effects of temperature and rate of blood flow on
the eventual venous BX level cannot be dissociated in these ex-
periments, since temperature and blood flow were closely correl-
ated variables,

When the temperature of the hand was raised to 45° C there
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was a distinect rise in venous BK levels above the arterial lavels
in two subjects and the production of BK must have greatly out=
stripped the destruction., In subject C,J, ( PFig., 18 ) an A-V
reversal could not be demonstrated, possibly because of the
high arterial level and also because of the increased sympath-
etic activity which would have operated against BK elevation. A
temperature of very close to 45° C must be critical for the ac-
celeration of BK production, This is supported by the findings
of Rocle @ Silva ( 1960) in the production of " thermic cedema ™
in the vats paw, Carretero et al. (1965) failed to detect any
increase in BK levels in effluent venous blood when the hand was
heated to 40 - 45° C by immersion in a bath, The negative res-
ults are not suprising if the actual temperature did not reach
45° ¢, Further, they sampled venous blood from the antecubital
vein which would mean a great dilution of any vasoactive substan=
ce that may originate from the hand, Since the blood BK levels
are of such small magnitude and the largest increment on heat~-
ing in the present experiments was only 53% ( in subject C.J. )
the method of blood BK estimation of Binia et al, (1963) which
was used may not have been sufficiently sensitive to detect the
changes,

The falls in BK levels of the venous blood in reactive hyper=
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aenia and in cold vasodilatation are in sharp contrast to direct
heating results. Factors contributing to the fall could be the
hyperaemia itself, but, more significantly, the increase in sym-
pathetic nervaus activity which occurs with these procedures.
Increases in plasma noradrenaline concentrations during react-
ive hyperaemia have been reported ( Abrams, Barker & Butterfield
1365), and support other observations of increased sympathetic
nervous activity during this event, The results of experiments
on reactive hyperaemia and cold vasodilatation do not suggest
that BX is a mediator of these hyperaemic states, but it is pos-
gible that whatever factors are operating to cause blood BK lev-
els to fall with sympathetic discharge could cause venous blood
levels to be low, despite normal or even elevated tissue levels,
The ability of increased sympathetic nervous activity to lower
circulating BK levels and the rise in arterial BK with general-
ised sympathetic blockade suggests a role for the sympathetic
nervous system as a general or local influence cn BK metabolisn,
In a subsequent section of this thesis it will be shown that
catecholamines are directly responsible, acting through an in-

fluence on the kininase,
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e. SUMMARY

1. Using the method of blood BX estimation described in Part 2,
it was possible to demonstrate that I.V & I.A. BX infusions which
produce moderate haemodynamic changes also cause an increase in
blood BK levels.

2. Arterial and venous BK levels were compared in the forearm,
Arterial levels were usually higher, the ratio of diffemences levels

ranging from 4 - 1,

3. Changes in blood BK in venous blood from the hand were stud-
ied during hyperaemic states in the hand produced by warming,coole
ing and ischaemia,

a. Increases of BK up to 53% in effluent blood from
the hand occurred when the hand was warmed to 45°C,

b. BK levels fell in the effiuent blood in associat-
ion with reactive hyperaemia and cold vasodilata-

tian,
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4, An increase in sympathetic nervous activity caused a fall
in arterial BX level of 20X in one case and virtually complete
disappearance in another, Generalised sympathetic bleckade
with bethanidine brought about a 7.5 fold increaee,

S. The ability of increased sympathetic nervous activity to
lower blood BK level, may possibly contribute to the decreased
venous BK levels found in cold vasodilatatien and reactive hy=
peraemia where an increase in sympathetic nervous activity oc-
curs as a result of the pain and discomfort associated with

these procedures,
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PART 4. THE EFFECT OF CATECHOLAMINES ON BRADYKININ METABOLISM
IN BLOOD

a. INTRODUCTION
b, SPECIAL METHODS
c. RESULTS
1. Arterial blood BK levels during I,V. adrenaline,

2. Aprteriel blood kininase activity during I.V,
adrenaliine,

3. Blood kininase activity:
(a) In vitro adrenaline,
(b) In vitro phenoxybenzamine,
4, Kininase activity in normal arterial blood,
d, DISCUSSION
e. SUMMARY
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INTRODUCTION

In addition to factors which influence the production of
bradykinin in vivo, the peptide levels are also influenced by
the activity of kininases, Eprdos and 8loane, ( 1962 ) have
characterised the kininase in human plasma as a carboxypeptidase
which is a metalloenzyme that inactivates bradykinin by the hy-
drolysis of the peptide bond between the C~terminal arginine and
phenylalamine in the peptide chain, Because of the activity of
this enzyme, the half-life of BK in plasma is short and has been
variously estimated as 0.3 - 0.4 min ( Saamell § Eskes, 1962),

1 - 2 min ( Bishop & Margolis, 1963 ), 0.27 ¥ 0,013 min ( MCarthy,
Potter & Nicolaides, 1965 ), and 17 sec ( Ferreira, 8,H., & Vane,
J.R., 1966 ),

There is evidence that this enzyme plays an important part
in terminating the action of BX in vivo, because when it is in;
hibited by such chelating agents as ethylenediamine tetraacetate
and dimercaptopropanol, the hypotensive effect of the peptide is
enhanced and prolonged ( Erdos Sm, 1963 )., There is also
evidence that kininase activity may be changed in some disease
states in man; decreased in asthmatics ( Sicuteri, Panciulacei &
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Anselmi, 1963 ), and increased in patients with hyperthyroidism
and liver disease ( Watanabe, Abe, Kumagai, Mouri, Seki & Yoshin-
aga, 1966 ), although other workers claim that it may be decreased
in liver cirrhosis ( Erdes, Wohler, Levine & Westerman, 1965 ),
The latter discrepancy may be due to a measurement of a different
carboxypeptidase ( Watansbe et al, 1966 ), Serum of pregnant
women, particularly in their last trimester, shows a high carboxy-
peptidase activity ( Erdos et al, 1965 ).

The evidence for a role of catecholamines on BK metabolism
until now, has suggested that adrenaline or noradrenaline cause
an activation or release of kallikrein thus producing local or
generdalised increases in BX concentration,

1, The cat submaxillary gland is stimulated to secrete
saliva by sympathetic stimulation or by infusion of
noradrenaline and such secretion is associated with
release of kinin-forming enzyme ( Hilton & Lewis,1956).

2, In the carcinoid syndrome, the infusion of adrenaline
may cause release of kallikrein from metastatic depos-
its ( Oates et al., 1964 ),

3, Rocha e Silva ( 1963 ) suggests that catecholamines
released during thermal or other local injury may act-
ivate proteases in interstitial spaces which in turn

release BK from the precursor protein,
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However,in contrast to this, it has been described in Part
3 of this thesis that there is a fall in arterial BK levels
associated with increased sympathetic discharge, and when total
sympathetic blockade is achieved with I.V, bethanidine a 7.5
fold increase in BX level in the arterial blood is observed,
In Part 5 results will be presented that flushing produced in
patients with the carcinoid syndrome by the adrenaline provoca-
tion test ( Peart, Robertson § Andrews, 1959 ) is associated
with an increase in peripheral arterial blood BK levels, How~
ever, when equivalient doses of adrenaline were given to normal
subjects a constant lowering of arterial BK level occurred.

Rocha e Silva, Corrado and Ramos ( 1960) also made observa-
tions in experiments on cats which suggested that catecholamines
mdy influence the activity of injected BK. Previous injection
of phenoxybenzamine, apresoline, chlorpromazine and reserpine
strongly delayed the recovery from hypotension provoked by a
standard small dose of intravenous BX, Cocaine had the opposite
effect of shortening the time of recovery. The intramuscular
injection of cocaine to a cat, 30 min before an I.V, injection
of BK produced a quicker recovery to normal levels, if this
same cat was further treated with phenoxybenzamire a further
dose of BK showed that the cocaine effect had not only been el~
iminated, but that there was again & strong potentiation of the
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hypotension produced by bradykinin. It is now known that cocaine
specifically prevents the uptake of noradrenaline by tissues,thus
increasing the amount of noradrenaline available for combination
with adrenergic receptors ( Muscholl, 1961 ),

Greham and Katib ( 1966 ) have given evidence however, that
the in-vitro potentiation of BK on smooth muscle by halogenoal-
kylamines ( e.g. phenoxybenzamine) is due to an ethanolamine
derived from the parent compound,//Ethanolamine is inactive
against noradrenaline and on this basis the possibility that
halogenoalkylamines inhibit & kininase through some adrenergic
blocking mechanism seems to be dismissed by these workers.

Since there was preliminary evidence that catecholamines do
influence circulating BK levels, more detailed investigations
were undertaken to elucidate to which pharmacological action of
catecholamines this effect on the kinin system could be attrib-
uted., It has been discussed previously ( Part 3 ) that the level
of BX found in blood at any time is probably the resultant of
simultaneous processes of production and destruction ( Fig. 2 )
8o that a fall in BX level such as the one observed with adren-
aline infusion could result from either a decrease in formation
or an increase in destruction, It was decided to look at the
latter possibility first, because it is difficuit to devise a
way to examine the possibility of decreased formation and the



114

observations of Rocha e 8ilva et al, ( 1960 ) hinted that the
actions of catecholamines and their blocking agents might be
to influence the survival of BK,

Changes in blood kininase activity were studied when adren-
aline was infused I.V. and when adrenaline was added to whole
blood in vitro, Evidence is presented that adrenaline accel-
erates BX breakdown and that the effect is blocked by the
alpha~adrenergic blocking agent phenoxybenzamine. An appraisal
is also made of the possible half-life of BX in normal whole
blood,
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METHODS

The first 3 subjects in whom the effect of I.V. adrenaline
on arterial BX levels was examined were suspected to be suffer-
ing from the carcinoid syndrome, All were ambulant and engaged
in their normal occupations, all had in common histories of
sporadic flushing unrelated to any specific stimuli. They also
shared some or all of such non specific symptoms as episodic
weakness, sweating, vomiting and throbbing sensations in various
parts of the body. All had some degree of emotional instability
and in all the provisional diagnosis of the carcinoid syndrome
was eventually dismissed ( one had a laparotomy to finally ex-
clude the diagnosis). The rest of the group were healthy
medical students. The subjects for all other experiments des-
eribed in this section were healthy medical students,

The methods for blocd collection, BK assay, IV, infusions,
and blood pressure recomding, have been described previously.
Drugs;
Adrenaline hydrochloride ( D.H.A. )
Noradrenaline ( Levophed; Winthrop )
Ascorbic acid ( Baxter )
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L = epinephrine bitartrate ( crystalline (Sigma) )

Phenoxybenzamine ( Dibenylene; Smith Xline § French )
Solid adrenaline ( L - epinephrine bitartrate ) was used in in
vitro experiments where sterility was not essentiail,

The method for gstimating kininase activity during a seven
second incubation has already been described ( Part 3 ), In
the present experiments the method was extended to study the
degree of BK destruction over longer periods of time vis.multi-
ples of 7 sec ( or for convenience of 7.5 sec ) i.e, over 15,
30, 45, and 60 sec, depending on individual experiment., When
the mixture of blood and BK had to be incubated for longer than
15 sec, the syringe containing the mixture was returned to the
water bath ( 38° C ) and kept there until the set time had elap-
sed,

The dose of adrenaline infused was 0.1 ug/kg/min, Such a
dose is usually just sufficient to produce slight tachycardia
and widening of the pulse pressure, Adrenaline was diluted in
saline ( 0,.9% w/v ) containing ascorbic acid ( 1 : $0,000 ),

When kininase activity was studied in the presence of adren-
aline and phenoxybenzamine, the following reactantswere placed
in the S ml collecting syringe ( in a volume of 0.1 ml saline
and adjusted uniformly to pH 4.95 ) to give a final concentration



in S ml of blood of:
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BK
100ng/ml

Ascorbic
acid

1l /ug/a].

Adrenaline (hue)a
) ng/ml(2 8 X 10

Noradrena 1ine (base
4.6ag/ml (2.8 X 10~

M)

by

Phenoxybenzamine
(base)

50 ng/ml

(1.6 X 1077 M)

This enabled a comparison of kininase activity in blood when the

only difference in the incubates was the presence or absence of

catecholamine and the alpha-adrenergic blocking agent, phenoxy-~

bengamine.
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The effect of I.V, adrenaline on arterial blood BK levels
was measured in six subjects. Prior to the blood collections
the subjects were lying quietly on a couch and were receiving an
I.V. infusion of saline ( 0,9% w/v ) through a cannula in an ante
cubital vein, at a rate of 2 ml/min, After a period of stabilis-
ation of approx 30 min a control collection of arterial blood
was made through an intra-arterial cannula in the brachial
artery on the opposite side. Adrenaline was then substituted
for the saline and infused at the same rate in a dose of 0.1 mg/
kg/min, A collection of arterial blood was made again when
haemodynamic responses to adrenaline occurred, usually during
the third or fourth minute of the adrenaline infusion. The
falls in arterial blood BX levels resulting from the adrenaline
infusion are shown in Table 7. The mean fall of 61.4% was highly
significant ( p <0.001 ).



BX concentration ng/ml % Fall
Pre-infusion During infusion pifference
*0,18 0.13 0,05 28
*0.1% 0,08 0.07 47
*0.25 0.03 0.22 88
0,03 0,01 0.02 67
0,07 0.03 0.04 $7.1
0,16 0.03 0.13 81
¥ s 0.089 ¥ 0,0072 61.4
Pt £0,001

+ Paired t-test

* Denotes subjects who had vasomotor instability and in whom
the diagnosis of carcinoid syndrome was excluded.
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Arterial blood was collected before and during I.V, adren~
aline infusions as described above, and kininase activity in
whole blood estimated, Comparisons of per cent BK survival in
blood under the two conditions were made on the basis of 7 sec
incubation periods and results in three subjects are shown in
Table 8, Increased kininase activity was demonstrated in all
three cases with a mean fall of 20,8% in per cent survival of
BK.

In two of the three subjects incubations of blood - BK mix-
tures were also continued for 1 min and 5§ min and the per cent
survival of BX estimated in an attempt to establish the velocity
and characteristics of the enzymatic action involved. Exposure
of BK to blood for 5 min showed that less than 1% of the amount
added was present in the incubate, Such an amount probably
represents a situation where the substrate had been exhausted
at some indeterminate time before the 5 min, Since 60 sec incuba-
tions in these two experiments still showed approximately 25%
survival, it was decided that the best appreciation of the
time - course of BX destruction would come from incubation periods
confined to times shorter than one minute, In & third subject



( R.S. ) Fig. 24, a comparison of kininase activity was made
before and during adrenaline infusion when survivals were es-
timated in incubates at 7, 15 and 30 seconds, The % survival
vs log time plot for the control samples in this case extrapol-
ates quite well through 100% and such a result would indicate
that kininase activity in an adrenaline poor system approxim-
ates a first order reaction.

The presence of adrenaline which had been irifused or which
had been added in vitro to a miiture incubated in a closed system
changes the survival - log time plot in such & manner that on ex~
trapolation it shows a survival of considerably less than 100%
at zero time. Per cent survival vs log time plots for 7 and
60 second incubates in the preceeding 2 subjects showed the
same pattern as in the case of subject R,8. ( Fig, 24 ), The
possibility will be discussed later that the appearance of the
plot of kininase activity when adrenaline is present in the
system may be explained by feed back inhibition,



TABLE 8

PERCENT SURVIVAL OF BK AFTER 7 SEC, CONTACT WITH BLOOD

EFFECT OF ADRENALINE INFUSION

Pre-infusion During infusion Fall % Fall
) (B) (A - B) &iﬁ,x 100
46,0 41,0 5.0 11
54.5 36.0 18,5 34
36.5 47.0 9.5 17

Maan 11.0 20.8




Fig. 24, The time course of BK destruction in arterial blood
in vitro, A mixture of BX and blood (100 ng/ml ) was
incubated for 7, 15 and 30 sec, the per cent BK remeining in
the incubate was estimated by the usual method of extraction
and assay, and expressed as % survival, The plot for BK des-
truction in the control incubates approximates an exponential
time course, since it does not differ significantly from a
straight line between 100% survival (datum point for zero
time) and per cent survival at 30 sec, In the incubations of
blood and BX when exogenous adrenaline was present, there is
a marked deviation from a straight line, and the interrupted
lines for these incubates indicate the minimum acceleration

that may have occurred,
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3 (a) IN VITRO ADRENALINE

The effect of adrenaline on kininase activity in vitro
was studied on blood drawn from eight normal subjects, Paired
incubations were made in each experiment, one incubate contain-
ing blood, BK and ascorbic acid, the other in addition, contain-
ing adrenaline, At least three incubations were performed in
each experiment over different periods of time, Using zero
time as datum point, four points can thus be obtained for the
suxvival - time plot, The shortest incubation period which was
uniformly possible in all sudjects was seven seconds, The per
cent survivals of BX after 7 sec contact with blood are shown in
Table 9. In six out of the eight experiments decreased survival
of BX was observed in the incubates which had added adrenaline;
in two there was no change., Adrenaline caused a mean fall of
25,1% ¥ 6,99% in the per cent survival, Plots of BK survival
against incubation time are presented for seven of the eight
experiments ( Figs 24 - 30 ). In four of the control incubations



TABLE 9

PERCENT SURVIVAL OF BK AFTER 7 SEC, CONTACT WITH BLOOD,

EFFECT OF S5 ng/ml ADRENALINE ADDED IN VITRO.

Without adrenaline With adrenaline Difference % Difference
() (B) (A~B) A:E.x 100
A
)
JnHi 5355 33.0 2055 38.3
L.X. 26,0 26,0 0 0
R.H. 46,0 42,0 4.0 8,7
G.F. 6l.0 43,0 18.0 29.5
B.X. 51.0 51.0 0 0
c.J. 64 .0 17.0 27.0 42,2
A.B. 41,0 27.0 14,0 34,1
R.S., 56.5 29.5 27.0 47.8
Mean I sE 13.8 ¥ 3,98 25,1 ¥ 6,99
PT .02 >p> ,01  ,02>p>,01

T Paired t-test



(Figs. 24, 2%, 26, 29 ) the plot of survival against time
showed an exponential appearance., The deviations in the plots
of the other control incubations are uniformly in the same di~
rection (except B.K,, see below)., The additional presence of
adrenaline can produce such a deviation or exaggerate an exist~
ing one. It is seen that where adrenaline produces an acceler-
ation of the destruction of BX, such acceleration is most evident
with the shortest incubation times, and in most cases the differ-
ence has disappeared when the 30 sec incubates are compared,

In subject J.X., vhere adrenaline did not effect survival,
at 7 sec already 74% of the BX added had been destroyed, the
15 and 30 sec incubates showed no decrease in % survival:

Subject L.X.
7 sec 1% sec 30 sec
Control 26 23 26
% survival
Adrenaline 26 25 25

This equilibriuwa which is reached is seen in cases where the
initial velocity of kininase is accelerated by adrenaline (subjects

J.H,, C.J.;, A,B,, R,8,, B, X,, and to a lesser extent in G.F.,
and R,H.). In subjects R,H, and B.,X, after a period of equil-



ibriwn a nett destruction of BX is again evident, It is likely
that such equilibrium which follows an accelerated phase of
activity, presents an end-product inhibition of the enzyme,

It is not due to a balance struck between exogenous BK destruct-
jon and endogencus BX production, because it can be shown that
incubation of whole blood in nylon syringes at 38° C for a period
of up to 5 min produces no recognisable amounts of BK in the
incubate,

The results of experiments on subjecta R.H., B.X,, and C.J.
need additional comment,

In subject R,H. the apparent ineffectiveness of adrenaline
to accelerate BX destruction in the 7 sec incubate is probably
due to an inadequate amount of ascorbic acid in the incubate,

Tn this experiment a concentration of 1:100,000 was used as
suggested by Gaddum et al, ( 1949 ), and such a concentration
seems too small to prevent the oxidation of adrenaline in the
-stock solution. When ascorbic acid concentration of 1:1000

( 1// g/ml ) was used in subsequent experiments adequate preserv-
ation of adrenaline was evident,

Subject B.K. was studied on two separate occasions, on the
first occasion ( Fig, 28 a,) the plot of survival vs time was
unusual in that it showed a lag in the onset of BX destruction,

suggesting an inhibition of the destruction procees; on a sub-



sequent occasion ( Fig. 28 b ) the control incubation produced
a different plot which was identical to the one with adrenaline,
It is likely that on this second occasion the enzyme had been
fully activated by endogenous adrenaline as suggested by the
ability of phenoxybenzamine to block this activation,

Subject C.J, (Fig. 26 ) was of special interest because on
two previous occasions arterial blood BXK levels had been 0.8 ng/ml
and 0,95 ng/ml ( Table 2 ), these levels presented the highest
concentrations which had been encountered in normal subjects,

The BX destruction rate in this subject was in accord with
expectations: it can be seen from Fig. 26 that a 50% destruct~-
ion was achieved only after 40 sec which represents the longest
¥ 1ife of BX in all subjects studied,

In subject J.H, ( Fig. 25 ) the effect of equimolar concen~
trations of adrenaline and noradrenaline on kininase activity
was compared, In the doses used ( 5 ng/ml adrenaline and 4,6
ng/ml noradrenaline ) the two catecholamines produced an ident-
ical degree of acceleration.

The relationship between adrenaline concentration and kinin-
ase activity was not explored, but in subject R.S., ( Fig, 24 )
the effect on kininase activity of an adrenaline infusion (100ng/
kg/min ) is compared with the enzyme activity when larger concen-
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Fig. 25, The time course of BK destruction in arterial
blood in vitro. (See also legend for Fig. 24). The BK in
the control incubate undergoes an exponential decay. There
is an equally marked acceleration produced by the presence
of equi-Molar (2.8 X 10_8) concentratiocns of adrenaline

and noradrenaline.
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Fig. 26, The time course of BK destruction in arterial blood
in vitro. (See also legend for Fig. 24). A marked accelera-
tion occurred in the incubate which contained adrenaline. The
additional presence of phenoxybenzamine, prevented the accel-
eration and slowed the destruction rate beyond that observed
in the control incubate. The half life of BK in the control
blood of this subject was longer (40 sec) than that found in
blood of any other subject studied.
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Fig., 27. The time course of BK destruction in arterial blood
in vitro, (See also legend for Fig. 24). The plot from the
control incubations deviates from an exponential course and
the deviation is increased by the presence of exogenous adren-
aline. The presence of phenoxybenzamine abolishes the accel-
eration and the deviation in the control incubate.




Fig. 28, In subject B,K. the kininase activity of

arterial blood in vitro was studied on two occasions

(two month interval),

(a). The survival-time plot shows an apparent delay in
the onset of BX destruction, (See text for discus-
sion).

(b) The control and adrenaline-containing incubates
shows an acceleration which could be blocked
with phenoxybenzamine, The survival-time plot
for the incubstions containing phenoxybenzamine
is identical to the plot for (a).
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Fig. 29, Time course of BK destruction by arterial
blood in vitro. (See also legend for Fig. 24), After
an initial acceleration of kininase activity in the
incubates containing adrenaline ( 7 and 15 sec), the
destruction rate approximated that of the control
incubations ( 30 and 45 sec).

Pig. 30, Time course of BX destruction by arterial
blood in vitro, (See also legend for Fig., 24), The
presence of adrenaline produced very little acceler-
ation, the probable cause of the failure of adrenaline
is discussed in the text,
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trations were present when adrenaline ( 5 ng/ml ) was added to

blood in vitro.

3 (b) IN VITRO PHENOXYBENZAMINE

In three ( B.K., C.J, & A.B, ) of the eight subjects described,
the effect of phenoxybenzamine on the adrenaline - induced accel-
eration was determined, The method was similar to that used to
demonstrate the effect of adrenaline in vitro except that a third
incubation was carried out in addition., This contained phenoxy-

benzamine 1.6 X 10°8

M in addition to the adrenaline, ascorbic
acid and BK. The concentration of phenoxybenzamine was approx-
imately S times the molarity of adrenaline. In subject B.X,,
no further acceleration was produced with adrenaline, but presence
of phenoxybenzamine slowed the destruction rate and gave a survival
time plot which was identical to the one which had been obtained on
& previous occasion in this subject, The unusual appearance of
the plot in this subject has been commented on.

In subjects A.B., and C.J,., the phenoxybenzamine not only block-
ed the acceleration induced by exogenous adrenaline but also de-

creased the destruction rates beyond that found in the control
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blood, The activity of kininase in incubates with phenoxybenz-
amine in these subjects was such that destruction rates followed
an expcnential course, with the semi-log plot extrapolating
back through 100% survival at zero time.

The possibility that adrenaline was having & direct chemical
effect on BK or that the presence of adrenaline in the extract
( if any survived ) was affecting the estimation of BK recovery
on the tissues had to be considered and excluded, Two solutions
of BK were prepared ( pH 4.95 ), one contained in addition adren-
aline in a ratio to the BK identical to that existing in the
blood incubates., After the pH of each was adjusted to 6.0, both
samples were chromatographed and assayed biologically on the rat

uterus and duodenum, The recoveries obtained were:

93% ( with adrenaline )
91% ( without adrenaline )

In kininase activity experiments, the amount of adrenaline
added to the incubate is such that the final extract when dil-
uted for assay containfs 0.1 - 0,2 ng/ml adrenaline, assuming
that all that was added had survived, In the control experiment
just mentioned it was shown that an assay solution containing
that order of adrenaline concentration has no effect on the two

tissues.
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The possibility that phenoxybenzamine in the concentrations
used was potentiating the action of BX on the tissues also had
to be excluded, This was done by estimating the recovery of BX
from a blood extract which contained phenoxybenzamine, The ex~
tract was obtained from a mixture of blood, ascorbic acid and
phenoxybenzamine in the manner used for BX extraction from blood,
An internal standard of BX was then added to this extract before
assay and its recovery estimated. Recovery was 92%.

In this experiment and in the other assays of extracts con-
taining phenoxybenzamine, the final concentration of the adrener-
gic blocker in the sample diluted for assay is of the order of 1,5~
5.0 X 10"9 M. The potentiation and antagonism of the effects of
BX on the isolated guinea pig vas by halogenocalkylamines and
their derivatives occurs in concentrations of 107> M (Graham
& Xatib, 1966 ); it is unlikely that phenoxybensamine in the

former concentration would have any direct effect on the tissue.

The kininase activity exhibited by arterial blood from eight
normal subjects in whom incubations were preformed for 7, 15 & 30
sec periods is shown in Fig. 31.
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In three of the eight subjects already more than 50% of the
gsubstrate had been hydrolysed by the 7 sec period and in two,
where the plots are very fiat 50% destruction would have been
achieved at a time very close to zero, It is probable that in
cases like the latter, activation of kininase by endogenous cat-
echolamines has been achieved, No estimation of mean half life
of BX in blood can be made from these experiments, but from the
subjects so far studied, the longest half 1ife observed was in
Subj. C.J. ( 40 sec ), the shortest, as deduced from Fig, 31 is

likely to be less than 3 sec.



% SURVIVAL

less than 3 sec,

\\ - -
\
\
\
\
75 — \
\
\\
\
50— - - - - - -
25—
0
0o
Fig. 31.

The time course of BK destruction in arterial blood

SECONDS

in vitro, in eight normal subjects.

BK was incubated in whole blood (100 ng/ml blood) for periocds
of 7, 15 and 30 sec,.
A large variation in kininase activity is evident. The short-
est half 1ife of BK in whole blood is equal to and probably
The longest half life of 40 sec was found
in subject C.J. ( see Fig. 26).
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DISCUSSION

The in vitro experiments show that the decrease in BKX levels
in blood which follows adrenaline infusion is not due to circul-
atory or extravascular metabolic changes resulting from the in-
fused catecholamine, but must be due to an action of the cat-
echolamine on some determinants of kininase activity in blood,

It is unlikely that the adrenaline infusions in the doses used
produce changes in pH and electrolyte concentrétions sufficient
to effect kininase activity ( Aarsen & Xemp, 1963 ). The effect
of pH on differences in kininase activity in the incubates is
excluded by the fact that the substrate for control, adrenaline .
and phenoxybenzamine studies was in solutions with pH uniformly
at 4,95 and the 0.1 ml aliquot at pH 4,95 would change the pH

of all incubation mixtures ( S ml ) to the same degree. Red
blood cells are also rich in a carboxypeptidase ( Erdos, Renfrew,
Sloane § Wohler, 1963 ) which might be liberated by environmental
changes and thus contribute to the plasma kininase activity.
However, Mashford (1967) in preliminary studies, using a modified
method of Abe et al. (1965) for assay of kininase activity in
blood, has shown that noradrenaline will accelerate kininase
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activity in cell free plasma,

The manner in which catecholamines accelerate bradykinin
hydrolysis is uncertain, but the fact that this acceleration
can be blocked by a specific adrenergic blocking agent raises
the intriguing possibility that the action of the catecholamine
is by means of a specific "receptor" mechanism,

There are several documented examples of catecholamines
modulating enzyme activity., Sutherland and Robison (1966)
have discussed the action of catecholamines in relationship
to cyclic 3' 5' -2MP,;., There is evidence that in a wide variety
of tissues the formation or accwnulation of 3' 5' - AMP is stim-
ulated by catecholamines., The mononucleotide is formed from
ATP by the enzymatic action of adenyl cyclase, which in turn
is susceptible to activation by adrenaline, The activation of
adenyl cyclase by adrenaline, and the resultant production of
cyclic 3' 5' - AMP and active phosphorylase, might be the events
linking adrenaline and its metabolic effects,

Tyrosine hydroxylase is a highly specific enzyme for convert-
ing tyrosine to dopa and this enzymatic action may represent a rate
limiting step in the production of noradrenaline. One of the
known inhibitors of tyrosine hydroxylase is noradrenaline itself
and it is an interesting hypothesis that noradrenaline released

as a result of sympathetic nervous activity may retard further
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noradrenaline production by a mechanism of end product inhibit-
ion ( Undenfriend, 1966 ).

The early observations of MacFarlane and Biggs ( 1346 ) that
activation of fibrinolysin occurs as part of a general "alarm
reaction” suggested a role for the sympathetic nervous system
in the activation of a proteolytic enzyme, This possibility
was further supported by Pohala, Yen and Singher ( 1962 ),

The studies of Holemans ( 1365 ) however offer the possibility
that the effect of catecholamines and other vasoactive drugs
to enhance fibrinolysis is by the resultant readjustment of
the peripheral circulation and the entry of plasminogen activ-
ator into the blood stream from the vessel walls of new circul-
atory beds,

Although the locality and structure of the adrenergic
freceptor” in cells is unknown, the interaction between catechol-
amines and receptors is receiving greater attention at a mol-
ecular level, Properties of catechols which may be important
are! a) their ready participation in redox reactions;

b) their ability to form chelates;

¢) their ability to engage in hydrogen bonding and

d) their marked reactivity in the monoanionic form in acyl,
alkyl and phosphoryl group tranfer reactions (Belleau, 1966).

It is probadble that the resultant transformations and ionic re-
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distributions which result from catechol - "receptor' binding
may be at the basis of their biological effects. It is tempt-
ing to speculate that similar mechanism are involved in the
adrenaline ~ carboxypeptidase reaction as in adrenaline - recep-
tor interaction,

There are also several features of carboxypeptidase enzymes
which are associated with enhanced or diminished activity and
which may relate to its activation by catecholamines.

(a) The enzymatic activity of human carboxypeptidase N is
dependant upon Co“', ainée if the cobalt ion in the metallo-
enzyme is chelated by ethylenediamine tetraacetate its activity
is inhibited ( Erdos et al.,1963 ), Chelation of the catechol
ring with magnesium has been proposed by Smoh,'rokgrm and
Witkop (1962) as a mechanism in the methylation of catechols
by catechol ~ ¢ - methyl transferase and Belleau (1966) has
extended this by suggesting that chelation may be a key factor
in reaction between catechols and bioreceptors, It is possible
that the catechol may chelate with Co*t in the carboxypeptidase
and thus change the activity of the enzyme,

In addition thereis evidence that the amino acid precursors
of catecholamines are linked with carboxypeptidase action,

(k) When the aromatic aminocacid phenylalanine is linked to
the carboxypeptidase derived from swine kidney, its enzymatic
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activity 1s enhanced and it releases C-teminal arginine from
the substrate at a faster rate ( Erdos § Yang, 1966 ),

(c) Another aromatic amino aeid, tyrosine,is at the active
centre of bovine pancreatic carboxypeptidase B and is essential
for activity since alkylation of the tyrosine residue decreases
the ensymatic activity by 90% ( Plummer § Lawson, 1965 ).

A study cf the plots of X survival of BK against log time
in a mixture of whole blood shows that adrenaline and noradren-
aline induced acceleration is most evident at the shortest in-
cubation pericd ( 7 sec ) and in most cases it seems that the
degree of destruction seen at this time had probably been achieved
much earlier on , but with the present method, it is impossible
to study events at times less than 7 sec and it is likely that
the difference in destruction rates manifest at 7 sec period
is an underestimation of the degree of acceleration that actually
ocecurrs,

If the initial activity has been rapid as seen in most cases
with in vitro adrenaline and in some control incubates, an "equi-
1ibrium®™ period 1s uswelly evident a; about 75% destruction of
BX. In a closed system, where the end products of the reaction
are confined to enviromment of the reaction, this equilib-
rium is most likely to be explained in terms of feedback inhib-
ition ( Dixon & Webb, 1964 ), This possibility is supported by
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the observation of Erdos (1962) that arginine ia a potent inhib-
itor of the enzyme hydrolysis of bradykinin, showing the same
relative degree of inhibition as the potent chelating agent
ethylenediamine tetraacetate exhibits in equimolar concentra-
tions ( 3 X 1075), Since arginine is the C-terminal amino acid
which is released on BX hydrolysis, a relatively high concen-
tration of this amino acid would be rapidly achieved in the
incubation mixture,

Phenoxybenzamine is closely related chemically to the nitrogen
mustards and in large doses may be toxicto the tissues, however,
the toxicity of the pharmiacological blocking drugs is approxim-
ately 1,600 times less than that of the nitrogen mustards and
pharmacological doses are safely separated from toxic doses
( Nickerson, 1949 ), The specificity of the adrenergic blocking
action of phenoxybenzamine is greater than that of the other classes
of adrenergic blocking drugs, but in common with other halogeno-
alkylamines, phenoxybenzamine has slight antihistaminie activity
(Nickerson § Harris, 1949 ), otherwise it is ineffective against
other pharmacologival agents on smooth muscle (Nickerson,1949).
The pharmacplogical behaviour of phenoxybenzamine is probably
due to an irreversible alkylation of an alpha receptor component
accomplished by the phammacologically active ethyleniminium ion
derived from the halogenoalkylamine (Triggle, 1965)., Such an
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alpha receptor component may be a sulphhydryl, amino or carboxyl
group ( Harvey & Nickerson, 1954 ), but because of the limited
knowledge of the carboxypeptidase molecule no further speculation \
of the site or nature of bonding is justified.

Although the studies presented here can not give a preciée
concept of mechanisms involved, the implications are interesting
and of potential importance., The link of kinin metabolism with
catecholamines and the synpath#tic nervous system imposes a reg-
ulatory mechanism on the plasma kinin activity and adds credence
to many speculations regarding the plasma kinins as factors in
the regulation of peripheral or regional circulation. There
is also indirect evidence that the activation of kinipase dem-
onstrated in the blood may also occur in the tissues, for Jacob-
gsen and Waaler (1966) have shown that lymph from injured areas
in animals has increased kininase activity,

Further reciprocity exists between bradykinin and the symp-
athetic nervous system and has been well documented. Bradykinin
releases adrenaline from the adrenal medulla, Such a mechanism
is potentially of physiological significance, for Feldberg and
Lewis (1964) estimate that cne molecule of bradykinin may re-
lease up to 50 molecules of catecholamines, These studies have
been extended by Lewis and Reit (1966) to show that BX may also
stimulate sympathetic ganglia. Benetato, Haulica, Muscsalu,
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Bubuianu and Gelesanu (1964) in cross circulation studies in
dogs, have shown that BK also stimulates the sympathetic nervous
system through a central mechanisa,

Cognizance of the many points of interaction between the hy-
potensive plasma kinins and the sympathetic nervous system may
offer a more comprehensive understanding of the observed pharm-
acological effects of BK on the cardiovascular system, The
bradykinin released catecholamines may thus contribute to the
poorly sustained circulstory responses to BK infusions (Bishop,
Harris § Segel, 196%; Coffman § Javett, 1963) by promoting a more
rapid destruction of the administered BK. It may also helip to
explain the decreasing venous blood BK levels in the forearm
during the infusion of BXK into the brachial artery as described
by Allwood and Lewis (1964), |
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E. SUMMARY

1. I.V. infusions of adrenaline in normal subjects in doses
which produce threshold pharmacological effects, cause a fall
in arterial BX levels, In & subjects a mean fall of 61.4%
was observed, The fall produced by 1.V, adrenaline is highly
significant ( p< 0,001 ),

2, Kininase activity of whole blood was estimated by determin-
ing the amount of BK destroyed on incubation of blood and syn-

thetic BX for a set periocd of time,

3. During I.V. adrenaline infusion, arterial blood increased its
ability to destroy BK by 20,8%, when comparisons were made from
7 sec incubation periods.

4, In paired incubates, the addition of adrenaline to blood in
vitro in amounts of S ng/ml of blood, incressed hydrolysis of
BK by 25.1% I 6,99%,

S. The additional presence of adrenergic blocking agent phenoxy=
benzamine in the incubate is able to block the exogenous adrenal-
ine, and probably also blocks the acceleration existing from

endogenous catecholamines,
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6. The half-life of BX in arterial blood in man is very short

and variable, The lower limits cen not be calculated with the

present method, The range encountered in these experiments is:
3 scc> BK t 1/2 <40 sec

7. Catecholamine modulation of ensymatic activity is known in
the case of adenyl cyclase and tyrosine hydroxylase, the mod-
ulation of carboxypeptidase N can only be speculated on in terms
of the known properties of the catachols., The blocking effect
of phenoxybenzamine may be due to an irreversible alkylation

of a "receptor” component such as a sulphhydryl, amino or

carboxyl group.

8. The ability of catecholamines to accelerate the hydrolysis
of BX dy kininase, places kinin metabolism under a& potent general

controlling mechanism,



139

INOID 8 A

a,
b,
-1
d.

e,

ADVANCED LIVER CIRRHOSIS
MENOPAUSAL FLUSHING

INTRODUCTION

SPECIAL METHODS & SUBJECTS
RESULTS

DISCUSSION

SUMMARY



140

a, DUCTIO!

(A). The carcinoid syndrome is & clinical entity with inter-
esting biochemical and pharmacological implications,

The cause of the syndrome is a neoplastic tumour classically
arising from the small intestine, Since numerous cases of carc-
inoid tumours arising from sites outside the small intestine
have also been reported, Williams and Sandler (1963) have pro-
posed a more unified concept of tumour genesis by suggesting
that these tumours can arise from different embryonic divisions
of the gqut, In this way, tumours originating in extra-intestinal
sites such as bile ducts, pancreas, ovaries, thyroid and bronchi
may be considered to have a common embryonic cell origin,

The tumour and its metastases usually exhibit only low grade
malignancy, hence the term "carcinoid” ( Oberndorfer, 1907 ),
and the tumour in the diaseminated stage may allow survivel for
as long as 20 years ( Mengel, 1966 ).

The tumour became associated with a8 clinical syndrome follow-
ing the observations of Thorsom, Biorck, Bjorkman and Waldenstrom,
(1954). Large quantities of serotonin are found in the tumour
tissue ( Lembeck, 1953 ) and in peripheral blood ( Pernow § Wald-
enstrom, 1954 ) in the carcinoid syndrome with excess of the
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serotonin metabolite 5 - hydroxyindole acetic acid (5 H,I.A.A,)
in the urine ( Page, Corcoran, Undenfriend, Sjoerdama & Weiss~
bach, 1955), After the demonstration by Page and McCubbin (1353)
that intravenous injections of serotonin in man could produce a
flush, it seemed likely that the spontaneous flushes in the
carcinoid syndrome were produced by this agent. However, recent-
ly evidence has accrued that the carcinoid syndrome is more
complicated chemically than was initially thought, Although the
implication of increased production of serotonin in the syndrome
is well established, the unsuitability of this amine to explain
the vascular manifestations has been remarked by many authors

( Robertson et al,, 1962; Sjoerdsma & Melmon, 1964), and interest
has recently been taken in the possible role of the plasma kinins
as mediators of the carcinoid flush,

Qates et al, (1964) were able to detect kallikrein in the
metastases in patients with the syndrome; and the hepatic venous
blood during flushing contained large amounts of a peptide in-
distinguishable from bradykinin, Oates et al, (1966) extended
these observations by identifying the kinin in the hepatic
venous blood as the nonapeptide, bradykinin, Since intravenous
injections of BK can mimic the flushing and other cardiovascular
events of spontaneous and adrenaline induced flushes ( Oates et

al,, 1964), this peptide is eminently suited to play an import-
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ant rola in the menifestations of the syndrome,

The role of serotonin in flushes cannot be entirely discard-
ed since Peart, Andrews and Robertson (1961) have demonstrated
release of serotonin during flushing in one patient and Melmon,
S8joerdsma and Mason (1965) have shown that an increase of urinary
$ - H,I.A,A, may occur associlated with flushing, Other substances
may also be liberated from the tumour and contribute to the final
picture, and Hallwright, North and Reid (1964) have reported
finding adrenocorticotrophic and melanocyte - stimulating act-
ivity in extract of a pancreatic carcinoid tumour from a patient
who had Cushing's syndrome and adnormal pigmentation,

Following from the observations of Oates et al. (1964) that
bradykinin appeared in the hepatic vein associated with flushing,
it became necessary to be able %o demonstrate that the change in
BK levels which occurs in the hepatic vein extends also into the
peripheral circulation, if these central events were to be causally
related with the changes occurring peripherally. During the
years 1964 - 1966 three patients with the carcinoid syndrome be-
came aw;ilable for study and this section describes the elevation
in peripheral arterial blood BX levels which occurred in these
patients during flushing.

Recently others have reported changes in peripheral blood
kinin levels during carcinoid flushes., Mason and Melmon (1966)
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have found elevations of peripheral arterial blood concentrations
of bradykinin peptide and kallikrein during flushes. Zeitlin
and Smith (1966) studied kinin levels in farearm venous blood

in four patients with the carcinoid syndrome,in one of these
they were able to show & rise in kinin level occurring during a
£lush induced by 10 4g of I.,V, adrenaline and associeted with
this they detected falling levels of kinin precursor; in another
subject no change could be detected in a lower kinin level. In
a further two patients free kinin levels in venocus blood are
stated to have been elevated above ( unspecified ) normal levels
during adrenaline provocation, The fall in kininogen level ob-
served in the one patient durirg flushing is interesting, but a
closer inspection of their data reveals that there is not the
expected correlatign between severity of disease, free kinin
levels and kinin precursor, unless one postulates a greatly accel-
erated kininogen preduction in the severely flushed patient, for
indeed this patient shows the highest plasma kininogen level.
Full appreciation of their findings is hampered by lack of de-
tail of their procedures of blood collection, the method of ex-
traction and assay, particulars about blood BK levels in normal
subjects as found by their method, and the effects on these levels
from I.V. adrenaline, Mason and Melmon (1966) do not comment on
the nature of BX levels in arterial blood in normal subjects
either, but state that such levels are not significantly altered
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by adrenaline administration.

The date on carcinoid syndrome patients presented here is
of interest &canso the kinin levels can be evaluated in terms
of normal arterial levels and the rise produced by adrenaline
provocation is contrasted with the marked fall that occurs in
normal subjects ( Part 4 ), It is shown that I.V. BX can mimic
the changes produced by 1.V, adrenaline and in one patient data
is also presented showing the effect of I.V, and oral methyser-
gide on the intestinal and vascular manifestations of the syn-
drome, Nofhynrgida is one of the most potent antiserotonin
substances known ( Doepfner § Cerletti, 1958 ) and its value
in the management of the intestinal symptoms of the carcinoid
syndrome well documented ( Mengel, 1965, Melmon, Sjocerdsma,
Oates § Laster, 196S).

(B) Arterial blood BX levels were examined in three patients
hospitalised for ced cirrhosis of the liver. This study
arcse from Dr, M.L., Mashford's interest in the cause of the
hyperdynamic circulatory state that sometimes forms part of the
picture of advanced cirrhosis, where a high-output state may
persist into terminal hypotension and oliguria ( Hecker § Sher-
lock, 1956; Mashford, Mahon § Chalmers, 1962),

The overall hyperdynamic cardiovascular manifestations in
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cirrhosis have been described by Kowalski and Abelman (1953)
and include warm extremities cutaneous vascular spiders, wide
pulse pressure and capillary pulsations in the nail beds; the
resting cardiac output may be elevated and associated with a
large stroke volume and low peripheral vascular resistance.
These workers raised the possibility of a circulating vaso=-
dilator material (VDM) involved in the mechanism producing per-
ipheral vasodilatation. More recently Kontos, Shapiro, Mauck
and Patterson (1964) have found that cirrhotic patients who
have an increased cardiac index also have abnormal vasodilat-
ation in the upper limbs either confined to akin or muscle or
present in both vascular beda., They raise the possibility that
bradykinin or a related vasodilating polypeptide could be a
possible candidate for such a mechanism.

(C) The association of bradykinin with flushing in the carc~
inoid syndrome suggested the possibility that many other, more
common flushing states may possibly be mediated this way,

In menopause, the most prominent symptom i1s the hot flush, which
is more prone to occur during exitement, emotional disturbances,
eating, exercise, in werm weather and at night, Flushes may last
from a few seconds to several minutes and are characterised by a
gradually increasing redness of the skin, particularly over the
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face and neck, which is followed by sweating, The cause is
unknosri, but the symptoms bave been described as being due

to vasomotor instability and treated with oestrogen replacement,
sedatives and tranquilisers with moderate success ( Hazan § Con-
neely, 1964), No specific stimulus that will induce a menopaus-
al flush is known, but Robertson et al, (1962) have remarked
that intravenous injections of adrenaline and noradrenaline, in
doses that provoke a carcinoid flush, will pot precipitate a
£lush in these women, Three women were selected for study
because of the frequency of their flushing attacks --- several
every day, but only one exhibited a typical spontaneous flueh
under laboratory conditions. Arterial blood BK levels were
estimated in all women and in one comparison between levels
during control and flushing states was made,
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b, _SPECTAL METHODS AND SUBJECTS

(a) METHODS § MATERIALS

Msthods of blood collection and EX assay have been described
(Part 2). Method for blood pressure recording -- see Part 3,
Skin temperature on the forehead was registered by a copper-
constantan thermocouple and Elgktrolaboratoriet galvanometer;
temperatures were recorded manually at intervals of % or 1 min,
Caprdiac output (CO) was estimated by single - injection dye
dilution method (Hamilton, 1962), with tricarbocyanine green
into a forearm vein, Arterial blood was sampled from the con-
tralateral brachial artery by a mechanically driven withdrawal
punp and output curves were obtained using a cuvette densitomet-
er ( Waters XC - S0 B ) and an Offner Dynagraph ( Model RS).
Output curves were corrected for recirculatdon using the method
of Gorten and Hughes ( 1964 ),
Total peripheral resistance ( TFR ), was caiculated from
the formula
TPR ( dyne - sec - ca™> ) = 80 X MAP mm Hg/CO (1 per min)
MAP = Mean arterial pressure = diastolic blood pres-

sure plus 1/3 pulse pressure,



148

Methysergide dimaleate ( Deseril, Sandoz ).

Tricarbocyanine green ( Cardio érm, Hynson, Westcott & Dun-
ning Inc. Baltimore Md, U.S.A, )

S-Hydroxytryptamine ( Serotonin-Kreatininsulfat SR 134, Sandoz).

(b) SUBJECTS

() Carcinoid syndrome

Pa t 1, (E --- fgmale aet., 6%, presented with diarrhoea,
weight loss and flushing attacks, Urinary 5~-H.I.A,A, excretions
were 165 - 600 mg 1n 24 hrs ( N 10 mg/24 hrs)., She deteriorated
rapidly and died 12 months after she was first seen.,. Autopsy
revealed a small bowel carcinoid, with hepatic metastases,

Patient 2, (L.C,) -~~~ female aet. 71, had undergone excision
of an ileal tumour in 1953, which was histologically identified

as a carcinoid., In 1962 she began to have diarrhoea and flush~-
ing attacks, In 1965 S5S~H.I.A.A, excretion was found to be 60 ~-
106 mg in 24 hrs, She has continued to progress slowly downhill,

Patient 3 (L,H,)~-- male aet, 35, presented with weight loss,
mental depression and continuous flushing and was found to have
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tricuspid stenosis and incompetence. frinary S~H.I.A.A, ex-~
cretion was 320 mg per 24 hrs. His deterioration was rapid
and autopsy revealed widespread metastases from & small bowel
carcinoid tumour. He was continuously flushed but noted a hot
feeling in his face and trunk when his liver was compressed by
twisting or bending movements,

Adrenaline infusions were effective in provoking a flush in
E.B. and L.C, and arterial blood was teken before infusion and
during the flush, L,H, was not given adrenaline, but blood
samples were taken at rest in bed and while pressure was applied
over the liver causing a subjective feeling of heat but no ob-
vicus change in his flushed appearance,

(B) Cirxrhosis

Three patients who were hospitalised because of the severity
of their disease were studied. One of these ( I ) had macro-
globulinaemia but no clinical evidence of hyperdynamic circul-
ation; another ( IX) was in an obvious hyperdynamic circulatory
».ate and consequent hepato-renal failure, cirrhosis had been
confirmed by liver biopsy. The third patient ( III ) was in a
terminal state exhibiting jaundice, bounding pulses, warm extrem-
ities, flushed "liver" palms, was hypotensive and oliguric. The
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diagnosis of cirrhosis of the liver was confirmed at necropsy,

(C) Menopausal

Three women were studied in four experiments., All had devel-
oped menopausal flushing in the last twelve months. Menopause
was of natural onset in two D,R, aet,47 and X.C, aet.51, In
the third H,M, aet, 45, menopause was a consequence of hyster-
ectomy and bilateral oophorectomy for large fibwoids, All three
had sought medical attention for relief of hot flushes which re-
curred several times daily.

On the day of the experiment, the subject wes made comfortabdle
on a couch with an indwelling intra-arterial catheter in the hrach-
ial artery. Control arterial blood was collected and the subject
was observed for up to 4 hrs with readiness for recording changes
of blood pressure and forehead skin temperature. During this
period endeavours were made to provoke flushing by heating the
room and employing other non specific stimuli which from the ind-
ividual personal history seemed likely precipitants. These latter
included hot drinks, cigarette smoking, sucking or eating part~
icular foods and interrogation touching on seemingly sensitive
aspects of personal or family history.
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A1l the subjects were aware of the purpose of the experiments
and the attempted provocation, In four such experiments, spon-
taneous flushing occurred twice in succession in one subject.
Blood pressure, skin temperature over the forehead area and
arterial blood BX levels were measured before, during and after

the mt ®



¢, RESULTS

(A) Carcinoid

In L.C. the resting BX level of 0,18 ng/ml in arterial blood
was very close to the average normal for the method used, but in
the other two subjects resting concentrations were elevated. In
L.H., who flushed continucusly, the arterial level was 1.1 ng/ml
which is higher than has been found in any normal subject. How-
ever, the level of 10 ng/ml in E.B. was by far the highest that
has been found with this method, despite the absence of flushing
at the time of sampling,

Both patients ( L.C. and E.B,) who received an adrenaline
infusion began to flush within two minutes and samples were taken
at the height of the response, L.C, received adrenaline infusion
‘at two dose levels, 1 ug/min and 2 ug/min., Both produced a
flush, fall in B.P, and tachycardia. The higher dose of adrenaline
caused more marked cardiovascular changes. The smaller dose
caused a doubling of the artarial blood BK level froms 0.15 to
0.31 ng/ml; the BX level with the higher dose, however, was low-
er ( 0,27 ng/ml ) than would have been expected. The BK level



measured during pressure over the liver, ten minutes after the
adrenaline infusion was back to 0.16 ng/ml, These events in
subject L.C. are recorded in Fig. 32, The facial flush pro-
duced in this patient by a dose of 2 ug/min I.V, adrenaline
is shown in Fig. 33.

In E.B. there was a 50% increase in arterial BX from 10,0
to 15.0 ng/ml during the adrenaline induced flush ( dose 0.5
Mgfmin ). The fall in B,P, and tachycardia from such a
dose are shown in Fig. 34, In this patient it was further
possible to demonstrate the failure of I.V, methysergide pre-
treatment to modify the adrenaline induced flush or B.P. res-

ponse ( Fig. 35 ).

Although methysergide was effective in blocking the abdominal

symptoms which occurred during serotonin infusion ( Fig. 36 ),
serotonin in the dose used caused no flushing or change in B.P.
In this patient it was also shown that an 1.V, infusion of BX

in a dose of M16 g/min ( Fig. 37 ) could produce a fall in blood

pressure, & rise in heart rate and a flush which was subjectively

and objectively identical to the one produced by I.V, adrenaline.

The effect of oral methysergide up to 18 mg daily over the
hospitalisation period was to produce a marked reduction in
bowel frequency fram 12 - 15 per day to 3 - 5 per day, Con-
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Fig. 32, CARCINOID SYNDROME ~-~ subj. L.C.

Changes in BP, skin temperature, heart rate and arterial blood BK
levels occurring during two adrenaline induced flushes are shown,
Adrenaline in doses of 1 ag/min and 2 Mg/min was infused into an ante-
cubital vein, arterial blood was sampled from the contralateral
brachial artery at the peak of the flush, Duplicate estimations of
control arterial BK levels were 0,15, 0,15 ng/ml, A rise to 0.31 ng/
ml occurred with the smaller dose of adrenaline and a level of 0,27
ng/ml was obtained with the larger dose ( see DISCUSSION). Manual
pressure over the liver produced no cardiovascular changes and the
BK level was 0,16 ng/ml



Fig. 33, CARCINOID SYNDROME --- subj, L.C.

The flushing state was produced by an I.V., infusion of
adrenaline at the rate of 2 ug/min., A typical deep red facial
flush and conjunctival suffusion are evident. ( Patient was

not icteric ).



BEFORE] AFTER
2001 [FLIUSH ] | [FILEA]
on
T 4 i
g 180
\Ei . 2
a: ] q
pox I6()—
v 1
o 1401 .
» i 4
>
)
120~ -
. 120r r
S - !
< 100 -
g
(Y} . -
T
£ 34
~ 33] v fasayat? e ] A
£
ADREN. ADREN.
¥ T 1 ] I I I U T T 1] T I
o) 5 0] 5
TIME (min.)

Fig, 35 CARCINOID SYNDROME --- subj, E.B.

A facial flush, fall in BP and a slight rise in heart rate
were produced by I.V, adrenaline ( 0.5 Mg/ml) (BEFORE)

The same response could be elicited after Deseril pre-
treatment (1 mg I,V.) (1 mg in 50 ml saline infused at

4 ml/min) (AFTER)

This dose of Deseril was effective in blocking the intest-

inal symptoms of I,V, serotonin ( see Fig, 36 ),
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Tntravenous serotonin produced mild to moderate abdominal pain
and a moderate increase in heart rate, but no flush, (BEFORE)
Pretreatment with I.V. Deseril ( methysergide) (see legend
Fig, 35) effectively blocked the abdominal symptoms ( tachy-
cardia not blocked) (AFTER)




FLUSH

180

o .

@ 160-

L

§ -

2 140+

8 |OO"

S .

v 80}

£ L

g‘ 36 -

= - --.W'_.'."‘-o—.-.-——o-—.——o—-'

£ 354 e—e—e—e—o oo

&5
IV Bradykinin I6uq

S T T g 10 15

TIME  (min.)

Fig, 37. CARCINOID SYNDROME --- subj. E.B,

Intravenous BK 16/ug/min produced a flush with a fall in BP and
tachycardia, but NO ABDOMINAL SYMPTOMS. Flushing described by

patient as identical to spontaneous flush.
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Oral therapy with methysergide decreased the frequency of bowel
actions —____ from 12 - 15 per day to 3 - 5 per day. Flushing
attacks ——--—- which had occurred usually concommitantly with
bowel actions, were reduced to 3 - 5/day. Additional prednisolone
therapy had no beneficial effect on the symptoms.
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ARTERIAL BLOOD BRADYKININ URINARY CLINICAL
LEVEL 5 H.LAA
; (ng./ ml.) EXCRETION STATUS
w
- ( mg./ 24 hrs)
q
o Resting Flushing Provocation
L.C.
0-15 0-31 1.V. ADREN. 60—106 Ambulant.
71lyrs
¥ PRESSURE Incapacitated;
L.H. .
o 11 13 oln 320 Right heart
LIVER _
35 yrs| disease.
Rapid
E.B.
: deterioratio
0 10 15 IV. ADREN. | 165— 687 ron
& death.
() 9yr3‘
% NORMAL ARTERIAL BK LEVEL = 0-25ng/ml (SD 0-23ng/m|)
W PERMANENTLY  FLUSHED

Table 10 ,  CARCHNOTD SYIDROME

5 swmmary of clinical status, urinary 5-H.I,A,A. output and
changes in arterial blood BK levels during flushing in three
patients with the carcinoid syndrome
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commitant with this, there occurred & parallel decrease in the
frequency of flushing ( Fig. 38 ),

The patient L.H. had a 20% increase in arterial blood BX
assoclated with pressure over the liver which caued an increased
sensation of heat in the face, The changes in BX levels in the
three patients are sumarised in Table 10,

(B) Cirrhosis

The arterial blood BX level in the three patients studied
werg within the normal range. Results are summiarised below.

Patient B.P., CO TPR Art, BX Clinical status
I 280 4,5 2841 0.5 ng/ml | Macroglobulinaemia
160 Abnormal L F T's
Spider naevi
Hypexrdynamic
circulation,

II _gg, not estimated|0.27 ng/ml| Hepato-renal failure
Hyperdynamic
circulation

IIT gg_ 5.53 477 |0,3% ng/ml
Hepato~renal failure
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Abbraviations:
co Cardisc output ( 1i/min )
TPR Total peripheral resistance, ( dyne sec cm's )
% ( N 600 = 2000 )

LFT Liver function test

(C) Menopause

Patient H.M. was studied on two sccasiocns, on the first
sceasion, she experienced two spontanecus flushes. The slight
fall in biood pressure and the rise in forehead skin temperature
are shown in Fiy. 39. There was no increase in arterial blsod
BX levels associlated with the fiush and the levels altered very
1ittle over the entire ccurse of the experiment, On & subsequent
occasion, no spontaneous flushing occurred and arterial blood BK
levels were undetectable (<0.015 ng/ml ). No flushing occurred
in the other two women under laboratory conditions and BK levels
in the arterial blood were too low to be detected with the sens-
itivity of the present method.
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Fig, 39, MENOPAUSAL SUBJECT =-= H.M.

Two spontaneous "hot" flushes which were accompamnied by sweating and
hyperpnoea occurred in this subject. A slight rise in forehead skin
temperature ( 0.5 °c ) and & fall in systolic BP ( Maximal fall in
mean SBP of 20 mm Hg) were recorded.
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Expt Subj. | Control arterial Arterial blood
BK ng/ml BK ng/ml
during flushing
1 D.R., < 0,015
2 X.C. <0,015
3 H.M, 0.13, 0.11, 0,11 0.12 0.11
4 H.M. X 0,015

Arterial blood BK levels in three menopausal women,

In three exboriments
with the present method of assay,

levels were too low to be detected




157

d. DISCUSSION

Although the studies on the menopausal women gave negative
results, a role for BX cannot be excluded., It is interesting
to note that in three of four experiments blood BX levels could
not be detected, This is similar to blood drawn for assay from
& normal subject who is receiving an adrenaline infusion and
blood levels of BK in such a situation are at the threshold
of detectability, The "vasomotor instability™ in these people
is probably due to a labile sympatho-adrenal system but it is
not unlikely that in spite of the low BK levels in the peripheral
blood, there could de widely fluctuating BX levels in the sub~
cutaneous tissues. Accumulation of BK would promote hyperaemia;
§ sympathatic discharge or increased levels of circulating ad-
renaline would lead to accelerated destructiocn of the peptide.
The fluctuations in peripheral sites need not be reflected in
systemic arterial blood, More information about BK changes dur~
ing flushing could be obtained by studying the venous blood
draining the skin, particularly from the flush area, This how=
ever, poses difficulties with the present method where large
amounts of blood are needed for an individual assay and the can~
nulation of a vein draining the relevant area of skin in such
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subjects is difficulc,

Of the three patients with cirrhosis, II and III fit into
the category of " hypotensive oliguric cirrhotics™ ( Mashford
et al,,1962 ). Although the BK levels are within the normal
range, information is inadequate to dismiss BX from 2 role in
contributing to the hyperdynamic circulation, It is again prob-
able that study of peripheral extracellular fluid and venous BX
levels may give more information, Mashford et al, ( 1962 )
observed that "hypotensive, oliguric, cirrhotic patients™ show-
ed a decreased response to tyramine and argued that impaired
tissue noradrenaline stores may play a part in the pathogen-
esis of the hypotension by withdrawal of the normal tomic action
of the sympathetic nervous system, One can speculate further
on their findings by suggesting that low tissue concentrations
of noradrenaline would pramote the survival of BK resulting in
increased tissue concentrations of this peptide.

The findings in the carcinoid subjects add to the accumulate
ing evidence that the flushing attacks which characterise the
carcinoid syndrome are asscciated with and presumably due to
elevated levels of a bradykinin<like peptide in the blood. This
does not bear on the cause of the other components of the syndrome
since bradykinin has variable effects on gut motility in vivo
( Winkler, Bauver § Gmeiner, 1965; Bauer, Gmeiner & Winkler, 1966).
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In one of the patients studied here ( E.B, ) it was possible

to repoirduce the bowel symptoms by infusion of the serotonin
without aziy noticable vascular effect ( Fig. 36 ) and on the
other hand to reproduce the flush without abdominal discomfort

by infusing BX ( Pig. 37 ). The use of methysergide did not
interfere in any way with the adrenaline ~ induced flushes; it
did, however, abolish the effect of infused serotonin and had its
usual beneficial effect in reducing the frequency of bowel actions
( Fig., 38 ),

BK is bronchoconstrictor ( Bhoola, Collier, Schachter §
Shorley, 1962 ) in the guinea pig, but the evidence for this
action in man is tenuous ( Herxheimer & Stresemann, 1963) and
asthma did not accompany the flushes or bradykinin infusion in
either patient.

The blood levels of BK reported here are lower than values
which have been described by others ( Zeitlin & Smith, 1966
Mason & Melmon, 1966 ). However, the good recoveries of internal
standards ( Part 2 ) and the rise in blood level found during
infusion of BK ( Part 3 ) suggest that this method is giving an
accurate reflection of truc ' levels, The destruction of BK by
blood is very rapid ( Part 4 ) and approximately only 10% of
BK infused into the brachial artery survives to appear in the
venous blood on that side ( Part 3 ). Under these circumstances
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it is suprising that Zeitlin and Smith (1986) found that venous
blood levels rose in the manner described,

One unexplained feature is that in patient E.B,, with a
level of BX in blood larger by an order of magnitude than any other
subject studied, there was no permanent vasodilatation, This
implies a reduced vascular sensitivity tb the peptide. Such ex-~
hibition of tachyphylaxis has parallels in other situations
where there are high circulating levels of other vasoactive sub-
stances such as noradrenaline in phaeochromocytoma and perhaps
angiotensin in some cases with renal hypertension ( Scroop, 1967).
There is also some indication that the vasodilatation in the
calf caused by infusion of BK is not well maintained ( Coffman
& Javett, 1963 ) and a similarly trsnsient response has been
found in the hand with brachial artery infusions (personal ob-
servaticns),

The rise in arterial blood BK levels caused by adrenaline
infusions in the careinoid syndrome is particulsrly striking
in view of the fall seen in normal subjects ( Part 4 ). This
fall is due to activm:im of the bradykinin-destroying enzyme,
kininase in the blood; evidence of this action is probably also
to be seen in the carcincid patient L.C, ( Fig. 32 ) where the
largex dose of adianal:lm was associated with a siightly smaller
rise in BX level. Release of kallikrein by catecholamines may
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also occur in normal subjects, as suggested by the studies

of Hilton and Lewis (1956), but it seems that the overriding
effact of carboxypeptidase activation does not allow BK levels
in the blood to rise. In the carcinoid syndrome, with an ex-
cess of kallikrein - containing tumour tissue, sufficiently
large amounts of kallikrein are liberated into the circulation
to cause a rise in blood BK levels,

The opposing effects of adrencline to be expected on BX
metabolism in the carcinoid syndrome hag interesting implicat~
ions in the poesible use of adrenergic blocking agents e.g.
phenoxybensemine in the clinical management of these patients.
It has been shown that oral phenoxybenzamine can be effective
in reducing the frequency of spontaneously occurzing flushes
( Levine § Sjoerdsma, 1963 ), but it is interesting to note
that this drug is very poorly tolerated in these patients,
Therapy in a dose of only 10 mg/24 hrs may have to be discon~
tinued because of severe drowsiness, confusion and visual blur-
ring, Phenoxybenzamine is much better tolerated in other sit-
uations e.g. in therapy of peripheral vascular disease ( Moser,
Prandoni, Orbison & Mattingly, 1953 ) where doszes of 30 - 240
mg/24 hrs ( even up to 400 mg daily ) have been used with only
mild transient side effects. In chronic medical therapy for
phaeochromocytoma, Engelman and Sjoerdsma ( 1964 ) have used
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doses of 30 - 80 mg/24 hrs, the only side effect being an initial
nmild sedative effect,

8ince phenoxybenzamine is expected to prolong the survival
of BK once the latter has been released, the severe side effects
found in some of the patients studied by Levine and Sjoerdsma
(1963) may be due to rising levels of eirculating BX on the
central nervous system, Sicuteri et al, ( 1963 ) have shown
that intravencusly administered BX in healthy humans may pro=-
duce mild stupor, drowsiness and lightning scotomata -- symptoms
which are similar to those produced in some of the patients of
Levine and Sjoerdsma ( 1963 ) receiving phenoxybenzamine therapy.



163

e, SUMMARY

1. Three cases are briefly discussed in which the gapcinoid
syndrome can confidently be diagnosed. Two of them had elevated
resting levels of arterial blood BX and in all three the level
rose assoclated with increase in vascular symptoms, In two of
the patients adrenaline infusion was usad to produce flushing and
this resulted in an elevation of arterial BK levels above resting
concentrations, This contrasts with find:l.ngs in six subjects not
suffering from the carcinoid syndrome in whom adrenaline caused
a fall in arterial blood BK ( Part 4 ),

2. Three patients with advanced cirrhosis of the liver were ex-
amined, two clearly had hyperdynamic circulation and hepatorenal

failure. In all three, arterial blood BK levels were within
normal limits,

3. Three menopausal women suffering from frequent "hot" flushes
were studied., In three experiments no spontaneous flushing occur-
red under laboratory conditions and arterial blosod BX levels were
too low ( <0,015 ng/ml) to be detected by the present method of
assay, When spontaﬁtous flushing occurred no changes in arterial
blood BX levels were detected, The significance of the low levels
is discussed,
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APPENDIX 1,

SOLUTIO

1, 01 M ium ate buffer H 6.0

This buffer solution is prepared as 0°1 M strength with re-
gard to NH[;'. A 0¢1 M golution of ammonium acetate is prepared
by dissolving reagent grade amaonium acetate crystals in deion-
ised water ( Elgastat ) and the pH is carefully adjusted to 60
with glacial acetic acid using a direct reading Beckman pH meter.
This buffer solution 18 stored at reom temperature, At this temp~
erature it is likely to become contaminated with fungal growth
and fresh solutions have to be regularly made, Preservatives
such as thymol have not been used, Storage of buffer at low
temperatures is inadvisable, as gases which dissolve in the sol-
ution at low temperature are liberated over a long period of
time when the buffer is returned to room temperature. Evolut-
ion of even minute amounts of gases during chromatography with
I.R,C, SO {8 one of the most common reasons for failure of the

resin,
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2, i droxide s ions 1 N and O-1 N,

Stock concentrateéd ammonium hydroxide solution S.G, 090
17 N is used for the preparation of the weaker solutions, The
stock is kept in a refrigerated room in a tightly sealed bottle.
8 ml stock diluted with deicnised water to 1 litre will give
a 1 N solutizn, This sclution is maintained at room temper-
ature for the same reasons as the ammonium acetate buffer.
Since at this temperature the atrength of the solution may rap-
idly change, it is avisable to prepare fresh solution every day.
The 0.1 N solution is conveniently prepared from the 1 N solut-

ion by dilution whenever required,

3. Casein solution
Light white soluble casein (B,D.H,) is used., Fresh solut-

ion of 0°25% casein in deionised water is prepared whenever

required,

4. de Jalons solution
de Jalons eolution is the superfusate used in the biocassay

and also for the preparation of the final extract, It is emin-
ently suitable for the rat's uterus because of its low calcium

content which keeps the tissue quiescent until stimulated,
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(Gaddum, Peart & Vogt, 1949), The solution used in the present
experiments, however, contains a little more calcium than that
of Gaddum et al,; de Jsalons solution of the following compos~-
ition was used:

gm/1

NaCl 9

CaCl2 .08
KCL 0,42
NaHCO3 0.5
Glucose 0.5

A convenient way to prepare de Jalons is to first prepare
two stock solutions, Stock A containes the chlorides and stock
B the bicerbonate and glucose to avoid precipitation of insol-
uble Cacos. The stock solutions are prepared from reagent
grade solids except for CaCI2 which has been previously pre-
pared as a standardised 10% solution,

Stock A
NaCl 360 gm
CaCl, 3.2 gm
XCL 16,8 gm

made up to 2 litres with deionised water,
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Nal!cox 20 gm
Glucose 20 gm
made up to 1 litre with deionised water,

The stock solutions are kept in the refrigerator and are
usually prepared weekly, The final solution is prepared from
100 ml Stock A and 50 ml Stock B made up to 2 litres in such
a way that Stock A is first adequately diluted before 8tock B
is added, 8tock R should be checked for signs of Ca precipit-
ation, if this is not occurring, stocks may be kept for long-
er periods ef time,



169

APPENDIX 2

AMBERLITE I.R,C, 50 RESIN

a, Prepéaration of resin,
b, Packing of columns,
¢, Chromatography.

d, Regeneration of resin,

ON OF IN

Resin of mesh sixe 100 - 200 is used, Although chramatog-~
raphic grade resin is purchased, it is necessary to further
purify it according to the method of Hirs, Moore & Stein, (1953).
This involves the removal of "fines™ by frequent washing with
deionised water and decantation, The washing of the resin with
acetone can be conveniently done after the water wash, The
hydrogen form (@s purchased) is cycled through the sodium form,
back to the hydrogen form and finally converted to the ammonium
form by allowing it to stand in a large volume of 2 N NH,OH over-
night,

The final ammonium form has to be equilibrated with 0.1 M
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ammonium acetate buffer. A time saving, short cut to this is
first to wash the excess ammonium hydroxide out with Elgastat
and theftitrate the suspension ( stirred with a magnetic stir-
rer ) with glacial acetic acid, to PH 6,0, A stable pH of 6.0
is reached only slowly and titration may have to be carried oan
for about an hour. When a stable pH 6.0 has been reached, the
resin is allowed to settle and all the supernatant is decanted,
The resin is now resuspended in 0,1 M ammonium acetate buffer
(PH 6,0) and the suspension is then titrated again with glacial
acetic acid to pH 6,0, The buffer is completely replaced again
every time a stable pH 6.0 is reached,. Replacement of buffer
and titration are continued until the resuspension of the resin
in fresh buffer gives a pH of 6,0 without any additional glacial
acetic acid, The resin is now ready for use, The pH of this
resin has a tendency to drift slightly to the alkaline side

of 6.0 over a period of days and pericdic checks of pH have to
be made and the pH adjusted accordingly, Resin prepared in
this way remains free of microbial contaminants for a long per-
1od of time amd preservatives have not been necessary. The

batch of resin in use is stored at room temperature,

PA OF COLUMNS
Because the resin is equilibrated in a weak salt solution
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and is at a slightly acid pH, satisfactory packing of the col-
wnn requires patience and care. Quickfit columns are first
rinsed through with the buffer solution and checked for sat-
isfactory flow through the sinter and the tap, and then half
filled with the buffer solution. Resin slurry is conveniently
transferred to the column with a teat pipette; with the tap
closed, the resin is allowed to settle, addition of resin is
continued until the resin level is 0,5 to 1,0 cm above the 5
cm mark in the column., Gentle tapping of the column (heavy wood~-
en ruler) is necessary now, with intermittent opening of the .
tap. The resin continues to pack for a period of 10 min. with
this procedure, A column is considered to be adequately packe~
ed when upon opening the tap and running through the buffer sol-
ution no distortion of the packing is evident. Excess resin is
now pipetted off the top of the column and a filter paper disc
(Whatman No 2) 1is allowed to settle on top of the resin, The
filter paper disc should be exactly the same size as the top
surface of the column and prevents stirring up of the resin sur-
face when the column is loaded,

To check on the packing of the column, the adequacy of flow
through it and the compatibility of the buffer with the resin
preparation, 35 ml of the buffer solution is allowed to wash



through the resin and the effluent is discarded. The column
is visually checked again, if the buffer solution has been un-
suitable in some way e.g. excessive gaseous content, or the or-
iginal packing of the resin inadequate, the packing in the col-
umn will now show distortion, air bubbles, lamination etc,
Such a column is unsuitable and has to be repacked with the
appropriate adjustment,

Inadequate packing of the column or disruption of the resin
bed by use of buffer at unsuitable temperature or pH are the com-

nonest causes for the failure of the column to function properly,

CHROMATOGRAPHY

Flow rate through the column is not critical and the maximal
flow rate (atmospheric pressure) gives satisfactory results, The
flow rate is not interfered with during the buffer wash of the
loaded column nor during the eluting with 1 N NH,OH., However,
with 0,1 N NH4OH the flow can be safely accelerated and time
saved. This is conveniently done by applying positive pressure
to the top of the column, This can be done manually with the
aid of a rubber tube from & sphygmomanometer squeeze-buld con-

nected to the top of the column,
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REGENERATION OF THE RESIN

Resin used once is pooled until sufficient has been accum-
ulated for another batch, This resin is in the anmonium form
and has & significant amount of proteinaceous impurities, The
impurities can be removed by a complete recycling of the resin
( including the Ka* form and the acetone wash), If complete
recycling is not done and the resin merely cycied through the
hydrogen form and the ammonium form, the resultant preparation
contains significant organic impurities and fungal growth is
evident in a few days,
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APPENDIX 3

BIOLOGICAL ASSAY

a, Rats -- stilboestrol priming, -- temperature in the assay,
b, Significance of cat® in the superfusate,

¢. Recording of changes in muscle tone.

d. Use of chymotrypsin

RATS

The virgin rats should be at least 150 gm in weight to ob-
tain a suitable uterus preparation., The best duodenum, however,
is more frequcntly obtained from small rats, Stilboestrol
priming ( Honvan, Charles MCDonald ) is performed with a sub-
cutaneous injection in the scalp between the ears.

The ambient temperature in the tisaﬁ; chamber is of crit-
ical importance in determining the sensitivity of the tissues
and the uterus in particular. Since maximum sensitivity is neces-
24ary in most BX assays, the contribution from temperature must be

borne in mind., Increase of temperature is accompanied with in-
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creasing sensitivity until the point of onset of spontaneous
activity., There is no one optimal temperature for all uterus
preparations and it is often profitable to try and achieve
the maximun temperature at which the uterus will still be

stabie. Temperature range from 257 ¢ to 35° C can be explored.

SIGNIFICANCE OF Ca "' IN THE SUPERFUSATE

de Jalons containing ©-98 gn/l CaCl, (7.3 x 107% M) is the
optimal solution., Lower concentrations have not been tested in
cases where the uterus hes to be discarded because of persistent
spontaneous activity, In some cases, however, an initially in-
sensitive uterus can be improved by increesing the Ca++ concen=-

tration in the superfusate by up to 50%.

RECORDING OF CHANGES IN THE MUSCLE TONE
The fine points on the recording levers are likely to en-

counter much frictiun on the smoked kymograph o The trad-

.\

(4]
[¢]
31

itional "pharmacological tap" is the best way to prevent the
tips from sticking in the soot. This applies particularly to

the uterus, A metal bar connecting the Braun pump with the
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writing lever scaffolding can be used to provide constant

mechanical vibration,

USE OF CHYMOTRYPSIN

The use of chymotrypsin (4-chymotrypsin 3 x crystallised,
Worthington ) to increase the sensitivity of the uterus to BX
has been of immense value, With the aid of chymotrypsin, the
ratio of preparationd suitable for assay has been increased
from about 1/2 to 4/5 which results in great economics of time
and animals, The method of priming with chymotrypsin is as
follows, Superfusion 1s turned off 1 min, prior to the appli-
cation of standard or unknown solution, Three drops of chymo-
trypsin solution are used to bathe the surface of the uterus
30 sec before the application of BK, The uterus is primed
prior to every application of BK., The most suitable chymotryp-
sin concentration for the superfused uterus has been found to
be 40947/m1. By repeated dosing with a standard BK solution

the development of increased sensitivity can be followed and
the maximum sensitivity is achieved in about-ZO min, The in-

crease in sensitivity is accompanied by a continocus decrease
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in tone of the preparation ( Fig, 12). Chymotrypsin seems to
have little or no effect on the duodenum when used in the man=
ner described for the uterus. Fresh chymotrypsin solutions are

prepared daily and during use are kept at room temperature,
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APPENDIX 4
STATISTIQ&L ANALYSIS
R. BRnalysis of variance of individual assay,
B. 1. Paired t test on the differences between uterus and

‘ duodenum results obtained in recovery experiments.
‘- 2, Paired t test on the differences between uterus and

duocdenum results obtained in endogenous BX estimations,

C. [Paired t test on differences between the slopes of the
log dose-response curves of standard and unknown, individ-

ually for uterus and duodenum in recovery and endogenous

BK assays,

‘ D, i 8 f bias of d stimations to

uterus estimations of endogenous BK levels,
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extract depends on parallelism between dose-<response lines

Analysis of variance of

1 from a four-
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The calculation of the relative potency of the unknown

for extract and standard, The significance of deviation

from parallelism may be tested by an analysis of variance,

In the calculations shown below such an analysis of varience

is applied to a set of data from one assay, The assay res-

ults analysed are from the duodenum‘aasay of P,A, (Table 2).

Duodenum

Sy |8, [y | u, Tot) | Toty| Toty| Tot
12 |20 | 20| 20 2 ®) i (32 40 32 | 40
17 |17 | 18| 20 7% Ry i1 |35 39 34 | 40
15 |21 | 19| 22 77 Ry 111 |34 43 36 | 41
20 (19 | 19| 21 79 (R iv |39 40 39 | 40
64 |77 | 718 | 85 | 302 T. Tots 140 [162 [141 |161
IOE&;&

&%

Similar analysis has been applied to uterus results.
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= 30,25

Totati Sums of Sqguares = sz - fx 2
= 5804 - 5700.25 |= 103,75
orr., )
Corr., = Correction Factor
Sources vapriation, (S88)
i. Standard v Unknown. (S)
5 2 2
L28 ) ¢ (Zu ¥ - corr
8
= aa)  + (362 - corr
8
= 5725.25 = §700,25
= 25
2, Dosage (D)
2 2
(7T Totl ) + (T, Tot2 ) = Corr
r 8
=_19600 + 26244 = Corr
8
= 5730, < 5§700,2S
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3. Replicates (R)

(IR, )* + (ZR, )% + (Zry)
4

2

+ (2R, >

= Corr

= 5184 + 5476 + 5929 + 6241 <« Copr
B

= §707.% - 5700.25

= 7.25

Interactions

4, 8 x D

(ZS; ? s (28, 72 . (>u, 2 . (zu, )2 = corr -8 - D

4
= 642 ke ??2 - 762 - 852 ~Coryr = 8 -« B
4
= 5756.5 = 57000,25 - 2% - 30.2%
=1
$. & x R
2 2 2 2 2 ) 2 . 2 2
Toﬁii_+ Tot:sii 4 Tota;gi + To?g;y + 'l‘otui +* Totuii - Tbtu;}i + Tot i
2

«Corr ~ 8 « R
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2 2 2 2 2 2 2

= 32°+ 34+ 36°+ 39%+ 40°+ 40%+ 41%+ 402 - Corr - S - R
2
= 11478 - Corr -§ =R
==
= §.50
6.
D x R
2. 2 2, . 2, . 2. 2 2 2
TJtli +TOLLii + TOtl.i.ii + TOt,lj‘v + "l'oc2i +T‘)t2ii + TOtZiii +T°t21v
2 Corr - D - R
=322 + 352 + 342 + 362 + 4% 4 392 4432 L 402 ~copr - D - R
2

= 5748,0 - S700,25 - 30,25 - /,25
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88 Mean square DF Var iance Ratio
(Variance estimate)

S 25, 6o 25 1 5.6¥ (,01< p< 0,08

D 36,25 306,25 1 6.8% 0,01<p< 0,05

R 7.25 2,4 3 1.9 ((N.S.)p > .2

S x 1.00 1.6 1 4.4 (N.5S.)p > .2
S xR 6.,50) 2.2) kS|
); ) )

D x R 10,75) 40.25 3.8) 4.47 3)3

) ) )
Res, 23.90) 7.7) 3)
Total 113,75 15

The interaction S x D represerits the contribution toc the total

88 of the divergencs from paral.elism,

The 55 of

interactions

& x R and D x R are combined with the residual SS, resulting in

an error variance of 4.47 and increasing the DF of error variance

to 3.
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The divergence from parallelism of the dose response lines of stan-
dard and extract is not significant ( p>.2 ) and 1t 1s valid to
use the method of Gaddum (1959) for estimation of relative poten~
cy of the unknown., 8uch a statistical test waé applied to all
assay results where doubt existed about parallelism. All data

in Table 2, showing endogenous BXK estimations by the two tissues,
has been validated in this respect,
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B, Table App. i shows recovery estimations by uterus and duo-~
denun assays. Twenty consecutive estimations of recovery of
10 /ml of BK from blood have been examined,

Table App, i

Per Cent Recovery

Uterus Duodenum (Ut ; Ducd, )
1. 102 9n + 12
2, 89 30 = ¥
3. 65 115 ~- 50
4, 119 91 + 28
5; 20 100 - 10
6. 78 97 - 22
7. 105 112 -7
8. 100 23 + 2
9. 98 85 + 13
10, M 115 - 21
1. 110 104 + 6
12, 101 82 + 19
13, 79 104 - 25
14, 107 91 + 16
15, 71 123 - 52
16, 78 105 - 27
17, g1 100 - 19
18, 91 91 0
19, 80 112 - 32
20, 83 112 - 29
Sx = =192

X = -%_?a «9.6
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S -x)? = s635.3

Variance of mean (VX)=F(x =

n(n=-1)

tyg = Errmor of mean

8.E. of mean

= 4+ 9.6
- 2
Z( X - x )
n{n - 1)
= + 9.6
= 4+ 1°9
5+03
N.§S. at 5%

When the differences between uterus and duodenum assay
results for endogencus BK ( from Table 2 ) are examined in
a similar manner, the values are found to be significantly
different at the 5% level.
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C. Test of significance of differences in paralielism of the
siopes of log-dose response curves for standard and unknown

from uterus and duodenum for: a, Recovery estimstions
b, Endogenous BK estimations
On the null hypcthesis, the slope calculated for resSponses
to standard

log 2

should equal the slope calculated for the unknown:

(u, - uy )

log 2

( log 2, since the ratio of high dose to low dose is 2:1 )

then s, - 8y - Uy - u!
0+3010 0-3010

and s, - 8 —uy +tuy = 0 ( from nuil hypothesis)

The actual values for the differences are presented in the table
below ( Table App i1) and the significante of their deviation
from zero calculated,
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Table App, ii

Valueofuz-ul-32+sl = x

.

MMNNMN:HHH!—'I—'HO-'!—":H

Recovery Endogenous
Uterus (A) Dusdenum (B) Uterus (C) | Duodenum (D)
+ 17 - 25 + 40 - 20
- 54 + 2 - 40 - 33
+ 76 + 7 - S - 4
- 39 + 3 - 60 - 10

+ 256 + 6 + 46 -1
+ 70 - 3 - 64 - 10

+ 263 + 21 - 156 + 7
+ 6 + 17 + 49 + 1
+ 26 3 - 28 - 7
+ 73 - 12 - 36 -

+ 130 - 2 - 26 - 24
+ 29 + 18 + 144 + 12
+ 22 + 8 - 6 + 12
- 48 - 4 - 208 +
- 21 - 19 - 211 - 8
- 3¢ - 15 - 36 -1
- 6 + 18 - 20 - 7
- 61 - 21 - 182 ~ 32

+ 112 + 12 - 1 - 5

+ 112 - 17 + 1 - 27

+ 34 1
+ 37 + 17
- 79 4]
- 44 -1
+ 33 = 18
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Set of values A B C D
Zx + 671 - 9 - 758 - 173
Number of values(n) 20 20 25 25
Mean x 33,5 - 0.45 | - 30.32 - 6.92
ICHEEE 200,467 3,755 | 182,277 5221
Degrees of freedom 13 19 24 24
S.E. of mean
22+ 36 3-14 17+48 2.94
t = Error in mean .
Y + 146 +6.14 | +1.74 + 2,67*%
t (tables) (5%) 2,1 2,1 2,06 2,06
P 10%(p<20% | BOX<P<I0% | S¥HQA0% [ 1%cpc2% *
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These results show that the nature of the extract of end-

ogencus blood BK is such that it gives falsely high results

on fh' duodenum®, and it does sc by changing the log dose-
response line away from parallelism to the standard log dose-
response line, In the recovery experiment, where the initial
level of BX is 10 ng/ml and greater dilution of the ertrast can
be made for assay, the impurity through greater dilution does

,not significantly effect the duodenum,

D, ON IS & ANALYSIS OF V. CE

11 h sis: No significant trend in duodenum assay
blas from uterus results over the range

of normal BX levels.

Data from 25 parallel assays of endogenous BK levels from
18 subjects (Table 2),
In table below,

= uterus assay Qalue

rt
[EN

X, = % difference in corresponding

duodenum assay,

3
see table previous page.
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¢ 0,02 0,07 0.07 0,09 6,10 0,09 0,11 0,11 0,14 0,13
x; 150 100 157 122 120 122 127 136 100 131
x; 114 88 150 129 125 106 138 143 158 97
t; 0.52 0,50 0.60 0,70 0,70

125 154 150 128 172
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Total sum of squares Bz-xiz - EL f"i
5

= 431,520 - 418,350

= 13,170
Regression S8 !{Zx t -1 2
1% s Zx& Lt,
<, 2 2
< - 1t
2.ty - > “i
= 1021

Deviation from regression = 13170 - 1021
= 12149

lvgi £ varianc

Source of variance | Sum of squares| D of F| Variance Ratio

-

i021 F1l, 23=1,93%
528 'l< P <¢2

gression 1021
ev', from rcgrauicui 12149
al 13170 24

o)
“
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F1,23 = 1,93 which is not significant at 5% level,

i.e. in endogenous BX estimations over a range encountered in
normal subjects, the blas from the duodenum does not vary sign-
ificantly over this range,

The blas of the duocdenum is

L.Sx, = 129.68%
n

C ce limits of bias (a

Varisnce (a) _%g_. Variance of deviation from regression

= §§% = 21,12

.. S.E, of (a) = 4,595

+*« Bias of duodenum = + 29,68% t 4.595 x ty9

$,895 x 2,07

"+

= 4 29,68%

1+

= + 29,68% 9.47% (with 95% confidence),
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