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INTRODUCTION.

Polypeptides which stimulate plain muscle

and enzymes which form them may "be extracted from

many different tissues and body fluids. Vaso¬

pressin and oxytocin are found, in the posterior

lobe of the pituitary, substance P in extracts of

brain and intestine, kallikrein in the pancreas,

urine and saliva, and the kinins and angiotensin

(hypertensin^ are derived from precursors in the

blood.

This investigation has been limited to a

study of kallikrein and the kinins. It deals

mainly with the development of assay methods and

their application to the estimation of kinin and

kallikrein excretion in human urine.

Much previous work has been done in this

field, and the literature is suffering from a

superfluity of nomenclature. The short review

below is presented in an attempt to clarify the

whole subject.

KALLIKREIN.

At the beginning of this century the

French v/orkers, A'belous and Bardier, showed that

extracts/
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extracts of urine contain a pressor fraction which

they called urohypertensin, and a depressor fract¬

ion, urohypotensin (Abelcus & Bardier, 1900, 1909)♦

Urohypertensin was later shown to he isoamylamine

(Bain, 1915); hut the depressor substance was not

identified.

Twenty years later urohypotensin was

re-discovered hy German physiologists, who showed

that dialysed human urine had a depressor action
f

on the dog's blood pressure (Prey & Kraut, 1928).
A similar suhst nee was found in large quantities

in the pancreas and also in the salivary glands,

saliva and blood. The active principle was called

kallikrein (X t K $ = pancreas).

Later experiments showed that kallikreins

from d.ifferent sources differ in their stability

to acid and proteolytic enzymes (v.'erle Maier,

1952), observations which require confirmation

using stricter controls. In view of these

differences however, it is important, when

describing experiments with kallikrein, to state

its exact source. Some workers omit this inform¬

ation, a practice which is liable to lead to much

confusion.

Human urinary kallikrein depresses the

blood pressure by vasodilatation and stimulates

certain/



certain types of plain muscle, for example the dog

small intestine (Werle, 1936). When kallikrein

from human urine or hog pancreas is incubated with

human serum, a vasodilator polypeptide is formed

which can be distinguished fr-om kallikrein by its

stimulant action on the guinea~pig ileum (Werle,

1937). This substance, originally called substance

DK, was later given the name kallidin (Werle &

Berek, 1950). There is some evidence that the

release of kallidin in vivo accounts for the

vasodilatation following kallikrein injections

(Werle, 1955).

Extracts of urinary kallikrein are soluble

in water, 50^ ethanol and 50^o acetone, but

insoluble in benzene and petroleum ether.

Kallikrein is inactivated by boiling for 30 min,,

by extremes of pll at room temperature and by

proteolytic enzymes. It does not dialyse through

cellophane and is believed to be a protein with an

isoelectric point of 4.2 (Frey, Kraut c Werle,

1950; Werle, 1955).

Human urinary kallikrein is inactivated by

human serum (Frey <? Kraut, 1920; Werle, 1934),

extr- cts of cattle lymph nodes (Kraut, Frey &

Werle, 1930), potato extracts (werle, "aier;&

Loffler, 1951) and by egg white (werle, Forell &■

Maier/
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Maier, 1954). These inactivators do not "block all

kallikreins.

The distribution of kallikrein in various

organs of different species has "been estimated by

its depressor action on the dog's blood pressure

(Prey et al., 1950). Many results have been

obtained but the significance of much of this work

may be diminished if the kallikreins in different

parts of the body ere really different substances.

Prey, Kraut and Schultz (1930) concluded that most

of the kallikrein in urine is derived from the

pancreas and salivary glands, since removal of

these organs was followed by a greatly reduced

urinary output. These observations could not be

confirmed by ether workers (Beraldo, Feldberg and

Hilton, 1956).

Kallikrein excretion has been estimated in

healthy adult men and women; the 24 hr. urinary

output varied from 53 to 553 units. Lower figures

were found in babies (under 6 months) and in

persons over 75 years of age (Kraut, Prey, Werle &

Schultz, 1934). Excretion of kallikrein is

diminished in certain diseases, notably essential

hypertension (werle & Korsten, 1938).

Tlie physiological role of kallikrein is

not fully understood. Werle (1955) states that it

is/



is important in the control of the arterial "blood

supply, while in the original paper it was

described as a new hormone (Prey & Kraut, 1923).

It has been suggested that circulating kallikrein
>

may be activated by a fall in blood pH and so

produce the local vasodilatation seen in reactive

hyperaemia (Prey et al., 1950). There is little

evidence yet to support this hypothesis.

A kallikrein-like substance i3 released

during functional vasodilatation of the salivary

and sweat glands (Hilton & Lev/is, 1955, 1956;

Pox £ Hilton, 1956, 1957, 1958). When this

substance is incubated with dog pseud.oglobulin, a

plasma kinin is formed. These experiments provide

the first direct evidence for the physiological

importance of kallikrein.

PROTEINS P1IARMAQOLOGIGALLY RELATED TO K'LLIKREIN.

Other non-dialysable peptides have actions

on plain muscle. They may be distinguished from

kallikrein by properties outlined briefly below.

Trypsin stimulates the rat uterus and guinea-pig

ileum, and has little action on the blood pressure.

Substance R was discovered in perfusates from the

isolated rat's intestine (Gaddum, 1953). It has

a/
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a slow contracting action on the v t uterus and

resembles trypsin.

Renin has a pressor action which is due to the

release of angiotensin in vivo. It is more

heat-labile than kallikrein, "being destroyed "by

heating at 60°G for 15 min. (Helmer & Page, 1939).

Ferritin (Vasodepressor material) is an

iron-containing protein distributed in the liver,

spleen and skeletal muscle. It is only active in

the sulphhydryl state, and may therefore easily be

inactivated by oxidising agents (Shorr, 1955).

Vasoexcitor material (V.E.Ih) is a globulin found

in the renal cortex, which can be inactivated by

incubation with kidney slices. It potentiates the

vasoconstrictor action of adrenaline on the

pre-capillary sphincters and metarterioles (Shorr,

1955). V.E.M. does not seem to have been

distinguished very definitely from renin.

Depressan (;.ollheim, 1937) is probably identical

with kallikrein.

URIF/RY IIIhlNS.

Diluted human, urine has a marked, stimulant

effect on the superfused rat uterus (Gaddum,

unpublished/
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unpublished). This observation was followed up by

Gomes (1955) who showed that the active principle

was a polypeptide very similar to and possibly

identical with bradykinin. Werle & Erdos (1954)

made similar observations bqt called the active

principle substance Z, because they believed that

it was slightly different from bradykinin and

kallidin. More recently Walaszek (1957) and

Jensen (1958) using different chromatographic

techniques have separated two oxytocic fractions

from human urine. All these substances are

certainly very similar to each other, but the

findings of Walaszek and Jensen suggest that there

may be more than one active principle.

PLASMA xr'Iin.

The formation of kallidin has been

described above. Many similar substances have

been reported, each formed from plasma in a

different way. Br-dykinin is formed by the action

of trypsin and certain snake venoms (Rocha e Silva,

Beraldo £ Rosenfeld, 1949), substance U by the

action of dog's urine on dog's plasma (Beraldo,

1952), pain-producing substance by the activation

of human plasma or exudates with glass (Armstrong,

Jepson, Keele & Stewart, 1954, 1955, 1957) and

other/



other bradykinin-like substances have been formed

by the action of plasmin (Beraldo, 1950; Lev/is &

Work, 1957; Lewis, 1958 ), by dilution (Schachter,
1956) and by passage tlirough a column of the

Amber13te resin XE64 (Adam, Hardwick & Spencer,

1957).

There is much evidence that the same active

principle is responsible for the activity of all

these substances. Bradykinin could not be disting¬

uished from kallidin by qualitative tests or by

parallel assays (Werle, 1953; Holdstock, Mathias

A Schachter, 1957). Similarly the kinins formed

from plasma by glass-activation dilution or the

action cf plasmin could not be distinguished from

bradykinin (Jepson, Armstrong, Keele & Stewart,

1956; Schachter, 1956; Lewis, 1958 ).

Substance U was the name given by Beraldo

(1952) to the kinin formed when dog's urine is

incubated with dog's plasma. He has not produced

convincing evidence that substance U is different

from bradykinin or kallidin. His argument

(Beraldo, 1955) that soya bean trypsin inhibitor

prevents the formation of bradykinin by trypsin

whereas it has no effect on substance U production,

does not show that the two substances are different

but only that their mode of formation is different.

Similarly/
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Similarly his experiments comparing kallikrein

from hog pancreas with the substance U-forming

factor in dog's urine suggest oni,y that the two

kallikreins are different, but not necessarily the

two kinins so formed.

Statements have been made in the literature

about the possible existence of different kinins,

but there is, as yet, no convincing evidence that

those so far described are not all identical.

While it is important to avoid assuming too

readily that substances are Identical, a complex¬

ity of nomenclature and a variety of modes of

formation must not be confused with evidence for

the identification of different substnces. In an

effort to simplify the nomenclature the term plasms

kinin has been introduced (see Lewis, 1958 ). It
is a generic term and may be defined as a poly¬

peptide which is formed from plasma and which stim¬

ulates plain muscle and causes vasodilatation.

The plasma kinins stimulate many types of

isolated plain muscle and. cause a fall of blood

pressure by vasodilatation. They are inactivated

by chymotrypsin, by plasma, by renal extracts

(Hamberg t Rocha e Silva, 1954), and by boiling in

alkaline solution. They dialyse slowly through

cellophane.

Bradykinin/
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Bradykinin has been extracted with alcohol

and partially purified "by chromatography on

columns of paper pulp, alumina and iRC5C (Rocha e

Silva et al., 1949; Prado, Beraldo & Rocha e

3ilva, 1950; Andrade, Diniz &. Rocha e Silva,

1953; Andrade & Rocha e Silva, 1956).

A plasma kinin is formed "by the action of

a kallikrein-like enzyme during functional vaso¬

dilatation of the salivary and sweat glands

(Hilton & Lev/is, 1955, 1956; Pox & Hilton, 1958).

POLYPEPTIDES PHARMACOLOGICALLY RELATED TO TUB

KININS.

'"any other polypeptides stimulate plain

muscle (Gaddum, 1955). These may he distinguished

from the plasma and urinary kinins by the propert¬

ies described below.

Vasopressin. Physiologically, the antidiuretic

effect is the most important action of this

peptide. By its vasoconstrictor action it exerts

a pressor effect on the intact animal. It is

inactivated by trypsin and by thiogiycollate

treatment (Ames, Moore &■ van Dyke, 1950).

Oxytocin has little or no effect on the mammalian

blood pressure, but causes a fall of avian blood

pressure/
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pressure. It is inactivated "by tMoglyeollate

treatment.

Substance P (Suler & Gaddum, 1931J Pernow, 1953,

1955). The guinea-pig ileum and hen rectal caecum

are particularly sensitive to substance P. It is

inactivated by trypsin, pepsin and by brain

extracts (Gullbring, 1943) but not by serum.

Cholecystokinin (Ivy & Gldberg, 1928), present in

extracts of duodenal mucosa, is closely related to

substance P, but it has no appreciable action on

the rabbit blood pressure. Cholecystokinin has a

powerful stimulant effect on the gall bladder.

/

Angiotensin is the name proposed by Braun-Menendez

& Page (1958) to replace the terms angiotonin

(Page &. Helmer» 1940) and hypertensin (Munoz,

Braun-Menendez, Pasciolo & Leloir, 1939). It is

formed from a precursor, angiotensinogen, in the

plasma globulin fraction by the action of renin.

Angiotensin is a powerful vasoconstrictor and is

inactivated by trypsin and pepsin.

Pepsitensin is formed by the action of pepsin on

serum globulins (Croxatto & Oroxatto, 1942). It

raises the blood pressure by vasoconstriction and

is inactivated by trypsin, and pepsin. In these

respects/
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respects it resembles angiotensin, from which it

has not "been convincingly distinguished (Alonso,

Croxatto & Croxatto, 1943),

Pepsitocin is formed with pepsitensin when pepsin

is incubated with serum globulins. It stimulates

the isolated uterus but unlike pepsitensin it has

little action on the blood pressure and is not

inactivated by pepsin. Pepsitocin is very similar

to oxytocin (Croxatto, 1955).

Y/asp Kinin (Jacques t. Schachter, 1954; Schachter

& Thain, 1954) is inactivated by trypsin and can

be distinguished from the plasma kinins by

chromatography (Holdstock et al., 1957).

ooOoo
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SEGTION I

THE EXTRACTION C-P HUMAN URINARY KININ (SUBSTANCE Z)

AND ITS RELATION TO THE PLASMA KININS.

Substance Z can be extracted from urine

with butanol (Gomes, 1955) or by adsorption on the

cation exchange resin Amberlite IRC50 (Jensen,

1958). By modifications of both methods extracts

have been prepared with high recoveries.

Werle & Erdos (1954) state that substance

Z is different from kallidin, while Gomes (1955)
could not distinguish it from bradykinin. Since

kallidin and bradykinin are very closely related

if not identical (Werle, 1953; Holdstock et al.,

1957), it was of great interest to compare these

substances with substance Z by more extensive

quantitative parallel assays than previously

reported.

It is concluded that the active principle

in extracts of substance Z is either identical

with or very closely related to that responsible

for the activity of kallidin, bradykinin and the

glass-activated kinin.

METHODS/
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METHODS

Rat uterus* - Virgin rats weighing 120-200 g. were

injected with stilhoestrol (10 jjg./lGO g. wt.)
16-13 hr. "before use. Uteri were suspended in

either a 2 ml. bath or superfusion apparatus

(Gaddum, 1953) at 30-31°0j the de Jalon solution

contained atropine sulphate (1 mg./l.). A dose

cycle of 4 or 5 min. with 40 sec. contact was used.

Guinea-pig ileum. - A 2-3 cm. segment of terminal

ileum from animals weighing 120-250 g. was either

suspended in a 2 ml. bath or superfused, using

Tyrode solution containing atropine sulphate

(1 mg./l.), at 3?°0. A dose cycle of 3 min. with

20-30 sec* contact was used.

Rat stomach* - rahe method described by Vane (1957)

for the estimation of 5-hydroxytryptamlne was

followed. Male animals of 300-400 g. wt. were

usedj the stomach was suspended in a 10 ml. bath

containing oxygenated Tyrode solution at 37°C. A

dose cycle of 5 xnin. with 45 sec. contact was

satisfactory. This preparation can also be super-

fused with fairly good results provided that an

adequately brisk flow rate (10 ml./min.) is

maintained, and that the time of flow stoppage

does/
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does not exceed 30 sec.

Rat duodenum. - The proximal 3 cm. of duodenum

from rats weighing 150-250 g. was suspended in a

10 or 15 ml. hath or superfused, using atropinised

(1 mg./l.) de Jalon solution at 30-31°C. The

tissue was stored at 4-6°G for 2-3 hr. before use

as this improved performance; the sensitivity was

increased and the base line less variable.

Since relaxation of the muscle was small,

a high lever magnification (1 in 15) was required.

Approximately 0.5 g. wt. tension was suitable for

most tissues. Increasing the calcium concentration

of the de Jalon solution did not improve perfor¬

mance, nor did the use of Tyrode solution. A dose

cycle of 3 or 4 rnin. with 30 sec. contact was used.

Wash-out was by upward displacement and overflow.

Alternative methods were tried but proved

impracticable. By adding carbachol to the de Jalon

solution instead of atropine it was hoped that a

sufficient and constant basal tone would be

maintained. Different concentrations tried in the

range 10"r( to 10**9 were unsuitable; in higher

concentrations the tone was too rigidly maintained

and. in lower concentrations the carbachol had no

beneficial effect.

Using automatic apparatus to administer a

dose/



dose of carbaehol (15-20 jxg./ml. ) at regular

intervals a series of contractions was obtained.

It was hoped to "be able to estimate plasma kinin

by its inhibitory action in a manner analogous to

that used for adrenaline on the rat uterus and

colon (Gaddum & Leribeck, 1949). When the plasma

kinin was added to the bath at any time before the

onset of the carbachol contraction, the duodenum

relaxed below the base line; when it was added

during the contraction, the amount of inhibition

recorded depended upon the exact time at which the

kinin was added. This method was clearly less

satisfactory than a direct measurement of

inhibition.

Rat ileum. - A 3 cm. segment of terminal ileum

from starved rats (150-350 g. wt.) was either

superfused or suspended in a 2 ml. bath, using

atropinised (1 mg./l.) de Jalon solution at 31°G.
A dose cycle of 5-10 min. was used depending upon

the speed of response of the preparation, the drug

being allowed to act for 40-90 sec.

Rat colon. - A 3 cm. segment of ascending colon,

recognized by its diagonal striations, from rats

weighing 150-250 g. was either superfused or sus¬

pended in a 2 ml. bath. Spontaneous activity was

very/



17'

very troublesome; it was reduced, but by no means

abolished, by lowering the temperature to 25°C and

using de Jalon solution. A dose cycle of 3 or 4

min. with 40 to 60 sec. contact was usually

satisfactory.

Rat blood pressure. - The technique described by

Crawford and Outschoorn (1951) was followed,

except that the anaesthetic was a mixture of

urethane (60 mg./lOO g. body wt.) and sodium barb-

itone (50 mg./lOO g. body wt.), as recommended for

the assay of depressor substances by Amin (1953).

Rabbit blood pressure. - Animals weighing 1.0-2.5

kg. were anaesthetised with sodium barbitone

180 rng./kg. infected intravenously. The trachea

was cannulated and artificial respiration applied

when necessary. Blood pressure was recorded from

a carotid artery with a Hg. manometer and infect¬

ions were made into a femoral vein. Heparin

(30 mg./kg.) was infected intravenously when the

dissection was complete.

Fowl rectal caecum. - Fowls weighing 1-1.5 kg.

were used. 3 cm. segments of rectal caecum were

superfused with Tyrode solution containing half

its usual potassium content (Gaddum, Jang &

Kwiatkowski, 1939). The tissue contracted in the

presence/
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high
presence of carbachol "but did not respond even toA

dose3 of substance 2 (10 units/ml.).

Guinea-pig uterus. - A 3 cm. segment of uterus,

from virgin guinea-pigs weighing 200-400 g., was

superfused with de Jalcn solution. The tissue

contracted in the presence of high doses of

substance 2, hut spontaneous activity and all-or-

none responses were troublesome.

Guinea-nig duodenum. - A 3 cm. segment of proximal

duodenum v/as suspended in a 2 ml. "bath containing

atropinised de Jalon or Tyrode solution. The

tissue was completely insensitive to Substance Z

(20 units).

Adsorption on XHC50. - Amberlite resin IR050

(chromatographic grade and 100-200 mesh) was

pre-treated by the method of Jrlirs, Moore and Stein

(1953) described below. Columns 26.0 x 2.0 cm.

were prepared and equilibrated at pH 6 with a

phosphate buffer. Fresh human urine, filtered

and adjusted to pH 6, was passed through the

column at 10 ml./rain. The column v/as washed with

water (about 4 1.) until the washings were clear.

The active principle v/as eluted with either

N hydrochloric acid as d.escribed by Jensen (1958)

or/
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or N sodium hydroxide followed "by phosphate buffer

at pll 9. The rate of elution varied in different

experiments from 0.5-10 ml./min. A 3 m. head of

pressure was necessary in alkaline elutions to

achieve a rate of 10 ml./min., the only resistance

being that of the column.

Pre-treatment of fresh batches of Amberlite resin

IRC50 (.Hirs et al., 1953;. - The re3'in w s sua-

pended in water and. stirred for 20 min. It v/as

then allowed to settle for 20 rrdn. after which the

supernatant containing very fine particles was

decanted. This process was repeated until the

supernatant w s clear after standing 20 min.

(usually 5-6 times).

The washed material was air-dried on a

Buchner funnel and transfered to a beaker contain¬

ing 500 ml. acetone in which it was stirred for

2 hr. After standing for 15 min. the cloudy

supernatant was decanted. Fresh acetone was added

and the washing repeated. The resin was air-dried

on a Buchner funnel and washed with 5 1. running

water over the course of 2 days.

The resin was then left for 24 hr. in N

sodium hydroxide and washed with 3-4 1. distilled

water. Finally the pfl v/as adjusted to 6 by the

addition of concentrated hydrochloric acid. After

use/
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use tlie resin was re-cycled through acid and alkali.

Adsorption on paper pulp. - Paper pulp columns

were prepared by suspending Whatman No. 1

cellulose powder in the solvent (either 7% phenol

or water) and allowing the paper to settle hy

gravity. The dimensions of the column were

12.0 x 1.7 cm. The extract of substance Z,

dissolved in 2 ml. of solvent, was applied to the

top of the column, which was then washed with

50 ml. solvent. Slutic-n was attempted with 0.4fb

v/v aceti^ ell and ti er with . 1 T, hydrochloric

acid, lashing add elution were maintained at a

constant; rate (0.5 ml./min. ), and 2.5 or 5 ml.

samples were collected on a fraction collector.

Butanol extractlon. - The method, described by Gomes

(1955) for ertr cting substance Z from urine was

followed with minor modifications. Fresh urine

was adjusted to pH 1.5 with hydrochloric acid,

saturated with sodium chloride and extracted with

an equal volume of n-butanol. The mixture was

ccntrifuged at 2000 r.p.m. for 15 min. and the

organic phase transfered to a precipitation jar,

from which the air had been displaced with

nitrogen. Five vol. cooled diethyl ether

(peroxide-free) were added and the precipitate

allowed to settle for 3-4 hr. at 4-6°G. The

supernatant/
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supernatant was then removed by suction and the

precipitate dried in vacuo.

Standard substance Z. - An extract of substance Z

prepared by Dr. E. J. Walaszek by the butanol

method above was used as the master standard, 1 mg

being called 1 unit. Substandards were prepared

by butanol extraction, IRC50 adsorption or by a

combination of these methods and were standardised

against the master standard by 2 ■+ 2 dose assay on

the rat uterus.

Preparation of kallidin. - Freeze-dried human

plasma (eitrated) was re-constituted with water

and incubated for 10 rain. at 37°0 with N hydro¬

chloric acid (1 in 10) to destroy the kininase and

kallikrein inactivator (Horton, 1953). The plasma

v/as then adjusted to pH 7.5 with sodium bicarbon¬

ate, and incubated at 37°C for 2 hr. with human

urinary kallikrein (30 ma./ml. ). The kallidin was

extracted by pouring the plasma into 2 vol. boiling

absolute alcohol and boiling for 5 min. The

mixture was centrifuged and the supernatant

decanted off. The residue was re-extracted with

66/a alcohol and the combined superaatants were

evaporated to dryness in vacuo. 1 ml. plasma

yielded 16 rag. powdered extract.

Preparation/
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Preprration of glass-activated kinin. - Polythene

containers and pipettes were used throughout the

initial stages. Freshly collected heparin!Bed

(10 units/ml.) human blood was centrifuged at

3000 r.p.m. for 1 hr. at 4°C. The plasma was

transferred to another tube and re-centrifuged.

The upper o/4 was pipetted into en unsiliconed

glass tube and stirred with a glass rod. The

development of activity was followed on the rat

uterus. fter 20 min. contact the kinin was

extracted with alcohol as described for kallidin.

The final residue was shaken with either bo remove

lipids, and re-dried in vacuo. 1 ml. plasma

yielded 1 mg. dry powder.

Bradykinin. - This was prepared by the action of
Ond was

trypsin on human plasma,Akindly supplied by

Dr. M. Schachter. It had been standardised and

contained 7.1 units (Rocha e Silva)/mg.

RESULTS

Biological comparison of fractions from a paper

pulp column,

balaczek (1957) separated two oxytocic

fractions from extracts of substance Z and brady¬

kinin. A very limited amount of these fractions,

prepared/
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prepared "by Mm, was available for quantitative

parallel assays. The results are shown in Tables

I and II.

Table I. The relative potency of fraction Z,

to fraction %«.

Rat uterus 0.6 =*= 0. 2

Guinea-pig ileum 1.8 *= 0.4

Rat colon 1.6 ± 0.5

Table II. The relative potency of fraction

^radykinin, to fraction bradykinlru.

tat uterus 1.6 *= 0. 3

Guinea-pig ileum 3.0 1.0

Rat colon >1.0

Each figure represents the relative potency of the

fraction eluted with acetic acid (2., or bradykinin, )
to that eluted with hydrochloric acid (Z3 or

bradykinina), and is based on only one bracketting

assay; the error represents the limits of the

bracket. Lack of extract prevented a more

thorough comparison.

The number of assays was too few to allow

any firm conclusion to be drawn; but, although

there is some discrepancy between the figures, the

results suggest that the active principles in the

acetic/
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■

:

5 ml. samples.

Paper -pulp column (7$ Phenol). 12.5 x 1.7 om.
55 units substance Z extractapplied.
Elution (0.5 ml./min. ) with 7$ phenol (Ph),
0.4$ v/v acetic acid (A.A.) and
O.IK hydrochloric acid (HCl).
Recovery 50$.
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acetic acid and hjalrochloric acid fractions are

fairly closely related. They are certainly not as

different as say bradykinin and substance P, which

would, be distinguished very clearly bry ohese three

tissues.

Paper pulp chromatography.

numerous experiments were performed in an

attempt to repeat the work of Walaszek (1957) and

Jensen (1958) in which two fractions were separated

from substance Z extracts by paper pulp chromato¬

graphy.

A typical result obtained when using 7%

as the solvent is shown in Fig. 1. An active

fraction corresponding to Vvalaszek's Z, could not

be eluted with 0.4"' v/v acetic acid, using up to

250 ml., whereas a single peak of activity appeared

on elution with 0.1 N hydrochloric acid, corres¬

ponding to Aalaszek's Z2 fraction.

When water was used instead of 7% phenol,

results similar to those reported by Jensen were

obtained. A peak of activity could be washed

through the column with water, and a second peak

occured on elution with 0.1 B hydrochloric acid

(Fig. 2). It seemed very probable that the first

peak represented excess substance Z from overload¬

ing the column; this was confirmed in two ways.

The/
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The experiment illustrated in Pig. 2 was

repeated. Columns of the seme dimensions were used

"but the amount of substance Z extract aoolied was

reduced from 131 units to 88 and 33 units respect¬

ively in the two ex >eriments. The results are

shown in Fig. 3 (cf. Pig. 2). Approximately the

same amount of activity (30-35 units) was eluted

with hydrochloric acid from each of the three

columns. On the other hand the size of the first

peak fell from 36 to 42 to C units. Clearly, the

capacity of a paper pulp column of these dimensions

was about 35 units; and if more than this was

applied the excess passed through in the aqueous

washings.

Active material (30 units) which passed

unadsorbed through one column was applied to a

second. All the substance Z was adsorbed and most

of it could be recovered by hydrochloric acid

elution.

Thus the separation of two active fractions

on paper pulp using Tu> phenol could not be

confirmed; and it was shown that the appearance

of two peaks, when phenol was omitted resulted

from overloading of the column.

Butanol extraction of substance Z from human urine.

Substance Z was extracted from urine with

butanol/



Picure 3
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0.1N hydrochloric acid (HCI).
Recoveries (a) 901, (b) 72$.
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"butanol but the 100% recovery reported by Gomes

(1955) was never achieved. Yields varied from

0.5-10% in different experiments. The reasons for

tiiis discrepancy were investigated.

It was possible that substance Z is

unstable at the pH (1.5) of extraction. However,

since urine adjusted to pH 1 could be boiled for

1 hr. without detectable loss of activity, that

possibility was excluded. Extraction with 1 vol.

h-butanol might be incomplete. When the separated

butanol layer (after extraction) was shaken with

water, 30-100% of the original substonee S was

found in the aqueous phase. This suggested that

the loss of activity must occur during the ether

precipitation.

If the other was allowed to stand exposed

to the air either before or during the precipit¬

ation, recoveries were always poor (0.5-2%). When

fresh ether was used and the precipitation carried

out in an atmosphere of nitrogen, recoveries of

10% were invariably obtained. It seemed probable

that ether precipitation was an inefficient method

of obtaining substance Z from the butanol phase.

It was found that recoveries of 30-90%

could be obtained by evaporating the butanol phase

to dryness in vacuo at 50°C using a capillary air

inlet./
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inlet. The final dried powder was only slightly

more active on a weight basis than that obtained

"by ether precipitation, owing to the presence of

impurities which are incompletely precipitated by

ether.

Adsorption of substance Z on IRC50.

Jensen (1958) has shown that the Amberlite

resin IKG50 is suitable for extracting substance Z

from large volumes of urine. He eluted the active

principle with hydrochloric acid and obtained

recoveries up to 60 '.

Several experiments were performed using

this method. Recoveries varied from 10 to 50?$.

These low figures were partly the result of

considerable tailing, which persisted even when

the elution rate was slow (0.5 ml./min.) (Pig. 4).

In this way large volumes of eluate containing a

relatively low concentration of substance Z were

obtained. Since one of the purposes of using the

column was to concentrate the activity into

smaller volumes, it was important to find a way of

overcoming this difficulty.

Slution of substance 2, a polypeptide,

from IRC5G with acid depends upon depressing the

ionisation of the column. If the pH is raised the

capacity of the column for cations is increased

but/
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IRC50 column. 27.5 x 2»Q cm.

2 1. human urine (10 units 2/ml.) applied at pH 6.
Elution (10 ml./min.) with 80 milliequivalents
sodium hydroxide followed by phosphate buffer at
pll 9. Recovery = 82^1.
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but the peptide is converted into an anionic form

and is not retained. This proved to "be a good way

of elating substance 2 from IU050.

Batchwise experiments showed that substance

Z could be eluted from IRC50 at pH 9. Sodium

hydroxide was added in an amount calculated from

previous titrations to raise the pH of the column

from 6 to 9. In a batchwise experiment the resin

would rapidly equilibrate at this pH, but when the

experiment was carried out on a column, a pH

gradient was established the upper parts being

more alkaline* M sodium phosphate buffer (pH 9)

was added after the sodium hydroxide. As the

buffer passed through the pH was re-adjusted to 9,

alkali being displaced to raise the pH lower down*

Ultimately, the whole column reached pll 9 and at

that -oolnt a small number of highly active'

■

fractions were collected with recoveries of 30-100/'

(Fig. 5}*

Since substance 2 is rather unstable in

alkali, elution was. carried out rapidly (10 ml./
min.), some protection from the alkaline solvent

front being provided by the buffering action of

the column.

Elution could also be effected with

phosphate buffer alone, but large volumes of buffer

were/



Figure 6

Tissues in a 2 ml. bath.

a = rat ileum K = kallidin (*ig)
b = guinea-pig ileum z = substance Z (units)
c = rat uterus
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were required, elution was slower and the peak was

not so sharp.

Eluate samples from IRG50 columns were

extracted "by the butanol method described above,

and the butanol phase was evaporated to dryness.

Good recoveries were obtained. The final dried

powder was stable ami contained 10-13 units/mg.

Substmice 2 and kaliidin.

Kaliidin is the plasma kinin formed by the

action of kallikrein on plasma (Werle, 1937).
Since it is said to differ from substance Z (Werle

and Erdos, 1954), quantitative parallel assays were

performed (Pig. C). The results on four tissues

are shown below (Table III).

Table III. Units of substance Z (*= S.5. )

equi-active with 1 rag. kalli&in.

Rat uterus 8.1 ±= 0.6

Rat duodenum 9.2 ± 1.2

Rat ileum 8.7 * 0. 3

Guinea-pig ileum 12.0 * 3.5

Each figure represents the mean of three assays

with the standard error. Prom these parallel

assays it is clear that kallidin and substance Z

must be closely related.

Substance/



Figure 7

a = rabbit "blood pressure; "b = rat colon; e =
rat duodenum; d - rat stomach; S = 3aline (ml.);
Z = substance Z (units); 3 = "bradykinin (units);
G = glass-activated kinin (mg.).
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Substance Z and bradykinin.

Bradykinin is the plasraa kinin formed "by

the action of trypsin on plasma (Rocha e Silva et

al., 1949). It has "been shown to he very similar

to substance Z both qualitatively and by quantit¬

ative parallel assays on the rat uterus, guinea-pig

ileum and fowl rectal caecum (Gomes, 1955). A

more extensive comparison has been made using six

tissues. Both substances stimulated the rat

uterus, guinea-pig ileum, rat ileum and rat stomach

and both caused relaxation of the rat duodenum and

depression of the rabbit blood pressure (Pig. 7).

Tlie figures in Table IV are reasonably

close and confirm that substance Z and bradykinln

are very similar if not identical.

Table IV. Units of substance 2 (± 3.S.)
equi-active with 1 unit bradykinin.

Rat uterus 6.2 * 0.5

Rat duodenum 4.4 ±1.0

Rat ileum 7.0 ± 0.8

Guinea-pig ileum 10.0 * 3.0

Rat stomach 4.5 ± 1.2

Rabbit blood pressure 4.0 ±1.1

Substance 2 and glass-activated kinin.

When human plasma is exposed to a glass

surface/
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surface a kinin is formed which causes pain and

stimulates the rat uterus (Armstrong et al., 1955,

1957). This substance is very similar to bradykinin

(Jepson et al., 1956). In view of the similarity

of substance Z it was interesting to compare it

also with glass-activated kinin. The relative

potencies obtained by quantitative parallel assays

on six tissues are shown in Table V.

Table V. Units of substance Z equt-active

with I mg. glass-activated kinin.

Rat uterus 0.5 * 0.2

Rat duodenum 1.0 * 0.5

Rat ileum 0.8 * 0.3

Guinea-pig ileum 1.2 * 0.6

Rat colon 1.0 = 0.4

Rat blood pressure >0.3

In this series only one assay was performed on

each tissue and the error represents the limits of

a bracketting assay. In general the figures agree

well enough. It would seem that substance Z and

glass-activated kinin are also closely related.

DISCUSSION/
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DISCUSSION

The experiments deserihed in this section

were designed to answer three main questions.

(1) Can extracts of substance Z he fractionated

into two active components? (2) How can substance

Z he extracted simply and most effectively from

urine? and (3) what is the relationship between

substance Z and the plasma kinins prepared by

different means?

Paper pulp chromatogrsphy.

Walaszek (1937) applied substance Z

extracts to paper pulp columns in 7 • phenol and

was able to elute two peaks of activity with 0,4$

acetic acid. Subsequently he found that the

second peak could be eluted more readily with 0.1

N hydrochloric acid, with a total recovery of

60—90$. In the present investigation no activity

could ever be eluted with acetic acid and this

accounted for the failur® to separate two fract¬

ions. The active material could be slated readily

by 0.1 N hydrochloric acid in a single peak with

yields of 50-70$. The difference of these find¬

ings from those of Walaszek may have been due to

slignt differences in technique or materials; it

is interesting, however, that Jensen (1958) was

also unable to recover a Z, fraction by this

method/
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metbod.

The "biological coir^arison of the two

fractions separated "by Walaszek suggests that if

they do represent different substances, they must

be closely allied.

Similar results were obtained when this

type of experiment was performed using v/ater

instead of 7% phenol as the solvent. An apparent

separation of two fractions (cf. Jensen, 1958)

occurred if the column v/as overloaded. It provid¬

ed no evidence for the presence of two different

substances*

Jensen (1958) produced some evidence to

show that two fractions could also be separated
j

"by chromatography on an alumina column. That type

of separation was not attempted in the present

investigation.

Extraction of Substance Z*

Extraction of substance Z from human urine

using the method described by CSomes (1955) gave

poor yields. Precipitation with ether appears to

be an inefficient way of recovering the active

material from the butanol phase} much better

recoveries have been obtained by evaporating the

butonol to dryness in vacuo, and the latter

procedure has been adopted in the final method.

Elution/



"■lution of substance Z from IRC50 with

alkali was found to "bo more satisfactory than the

acid elution used "by Jensen (1958). Recoveries

were good, and the active material was concentrated

in very few fractions.

As pointed out "by Jensen, columns of IR050

have the advantage that substance Z can be

adsorbed very conveniently from large volumes of

urine. If elution is carried out with alkali,

little activity is lost and the dried samples

contain inorganic phosphate as the main impurity.

If the eluate samples are then extracted with

butanol, little inorganic material passes into the

organic phase.

The extracts prepared, by this combined

method are lass active but more stable than those

prepared by Jensen (1958) using IR05O and paper

pulp columns.

Substance Z and plasma, kinlns.

Werle & Brdcs (1954) concluded that

substance Z and kallidin were different substances.

They found that substance Z dialysed more slowly

and that it was rather more 3table to alkali than

kallidin. Both these differences might be account¬

ed for by differences in purity of the two

extracts/
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extracts. In addition, they found that substance

Z had no effect on the rat intestine unlike

kallidin and bradykinin which stimulate that

preparation.

In the present investigation extracts of

substance Z caused relaxation of the rat duodenum

and rat colon and contraction of the rat ileum,

similar effects being observed with kallidin and

bradykinin. It is possible that Werle and iSrdos

used too little substance Z in their experiments

v/ith the intestine.

All the evidence suggests that kallidin

and bradykinin contain the same active principle

(v.erle, 1953; Holdstock et si. , 195?) and since

substance 3 could not be distinguished from

bradykinin (Gomes, 1955), it was of great interest

to compare these substances by quantitative

parallel assays. Substance Z could not be disting¬

uished from kallidin on four different preparations

nor from bradykinin in six preparations. Thus the

findings of Gomes were confirmed. These results

also provide further indirect evidence for the

identity of bradykinin and. kallidin.

The kinin prepared by glass activation of

human plasma was not tested for its pain-producing

activity, and so is referred to here as glass-

activated/
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glass-activated kinin and. not as p in producing

substance (Armstrong et al., 1955, 1957). This

kinin is known to be very similar to bradykinin

(Jepson et al. , 1956; Armstrong; et al. , 1954,

1957) and its similarity to substance Z on

Parallel assays provided more evidence for tne

close relationship of all these peptides.

It is possible that one active principle

is responsible for tiie activity of the four kinins
%

studied in this investigation, but this question

must be settled ultimately by chemical analysis of

the isolated peptides.

In the meantime there seems little

justification for the continued use of the term

'substance Z', and it is suggested that it should

be replaced by 'urinary kinin' analogous to the

terms plasma kinin (Lev/is, 1958 ) and wasp kinin
(Schachter & The in, 1954), thus emphasising their

similarity without lrrplying identity.



SECTION II

THE ESTIMATION OF PLASMA AND URINARY KININiT.

If a tissue extract is assayed on a single

preparation, for example tiie rat uterus, against

standard plasma kinin, there can he no certainty

that the active principle heing estimated is

really plasma kinin; some other test of identific¬

ation is necessary.

One of the "best ways to ensure specificity

is to assay an unknown in parallel on several

different tissues. If similar results are

obtained in this way it is reasonably certain that

the active principles in the extract and the

standard preparation are identical (Chang & Gaddum,

1933).

In many circumstances the amount of kinin

available for assay may be small. It is therefore

essential that the tissues used for the biological

assay should be sufficiently sensitive. Of those

commonly used for kinin assays the rat uterus is

the most sensitive so far described. The rat

stomach (Vane, 1957) is also sensitive, but has

not been used extensively in this field.

It has been shown that the rat duodenum is

more sensitive than the rat uterus. A method of

parallel/
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parallel assays has "been devised using these two

tissues, and. its specificity for kinin has "been

investigated. The method was described in a

communication to the British Pharmacological

Society in July 1958.

METHODS

Simultaneous parallel assays using the rat uterus

and rat duodenum. - The rat uterus (see p. 14) was

suspended in a 2 ml. "bath, and the rat duodenum

(see p. 15) in a 10 or 15 ml. "bath. The two

tissues were used simultaneously. In each case a

dose cycle of 4 min. was used, doses being

administered to each tissue alternately every 2

min.

Alumina columns. - were prepared by suspending

5 g. alumina (Savory & Moore) in water and allowing

it to settle by gravity. Column dimensions were

6.5 x 1.0 cm. 5 ml. urine was added and allowed

to run through at 1 ml./min. When all the urine

had passed into the column, distilled water was

added. Washing was carried out at 1 ml./min. and

5 ml. fractions were collected; the first was

discarded, while the second and third fractions

which contained all the activity were pooled and

used/
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used for biological assays.

Standard urinary kinin. - was prepared from human

urine by IRC50 adsorption and butanol extraction

(see p. 21).

Standard ■olosma kinin. - Human kollidin was used
i in,..-*.——. —win.

(see p. 21).

Substance P. - was prepared and kindly supplied by

Dr. T. B. B. Crawford.

Wasp kinin and bradykinin. - were prepared and

kindly supplied by Dr. M. Schachter.

Vasopressin, oxytocin and angiotensin. - The

following commercial preparations were used -

'Pitressin' (Parke, Davis & Co.), 'Pitocin' (Parke,

Davis &■ Co.) and 'Angiotonin' (Eli Lilly).

RESULTS

The rat duodenum.

The rat duodenum responded to small doses

of plasma kinin, being at least as sensitive as

the rat uterus, and usually more sensitive. Unlike

most plain muscle the rat duodenum relaxes in the

presence of kinin (Pig. 8).

That this inhibitory action and the

stimulation/
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stimulation of other types of plain muscle are

produced "by the same active principle has been

confirmed by parallel assays using kinin prepar¬

ations of different potency and of different

origin (see Section X). The inhibitory action on

the duodenum like the stimulant action on the

uterus is abolished by incubation with chymo-

trypsin (Pig. S).

The action of other oxytocic polypeptides on the

rat duodenum.

Vasopressin and oxytocin had no action on

the rat duodenum in concentrations comparable to

those which stimulate the rat uterus. In very

high concentrations (100 mU/ml.) both these

polypeptides had a qualitatively similar effect

to the standard plasma kinin (Pig. 9).

Parallel assays of vasopressin and oxytocin

with plasma kinin were performed on the rat uterus

and rat duodenumj the results are shown in Table

VI. There is a great discrepancy between the

results on the two tissues, and the index of

discrimination (Gaddum, 1955) is very high.

Parallel assays using these two tissues will

certainly distinguish vasopressin and oxytocin

from plasma kinin in a tissue extract.

Substance/
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Substance P stimulated the rat duodenum,

although some extracts had a very transient initia
0 *

inhibitory effect (Pig. 9). The stimulant action

was not due to contamination with histamine

because the effect was not inhibited by mepyramine

maleate (1 mg./l,). This observation confirmed

the findings of Pernow (1953).

Table VI Units of oxytocic polypeptides

equi-active with 1 mg. standard -plasma kinin.

RAT
UTERUS

RAT
DUODENUM

INDEX OP

DISCRIMINATION

VASOPRESSIN 0,15 15
, • •

100

OXYTOCIN 0.015 22.5 1500

ANGIOTENSIN 12.5 > 200 > 16

SUBSTANCE P 243 contracts

Angiotensin had no action on the duodenum, in the

largest doses used, whereas it was active on the

rat uterus. The index of discrimination (Table VI

is over 16, showing that these two tissues will

easily distinguish between angiotensin and plasma

kinin.

Other/
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Other kinins have "been compared with the

standard plasma kinin on these two preparations

(Pig. 10). Neither bradykinin, nor the urinary

kinin (substance Z) nor wasp kinin could he

distinguished from the standard plasma kinin

(kallidin), the index of discrimination in each

case not differing significantly from 1.0

(Table VII).

Table VII. Amounts of kinins (* S.E.)

equi-activc with 1 mg. standard plasma Icinin.

I

II

— —— " ■—

RAT
UTERUS

RAT
DUODENUM

INDEX OP
DISCRIMINATIONi

— — . —

!BSADYKININ
(units)

1.3 ± 0.3 1.5 ± 0.5

1

1.2

URINARY
KININ

s (units)
8.1 ~ 0.5 9.2 * 1.2

i 1
1.1

WASP
KININ
Cue)

1.2 ± 0.4

■

1.2 ± 0.4 1.0

The action of non-peptide substances on the rat

duodenum.

Acetylcholine and 5-hydroxytryptamine

stimulate the rat uterus and both were found to

stimulate/



Fip;ure II

"Rat Duodenum.
10 ml. "bathJ de Jalon solution
acetyl choline; K = plasma kinin;
Ad = adrenaline; A = adenosine.

30°C; doses in p,g; Ac =
HT = 5-hydroxytryptamine;
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stiraulate the rat duodenum (Fig. 11). Histamine

in large doses also stimulated the rat duodenum.

Adrenaline and noradrenaline inhibited the

duodenum, concentrations of 10**6 "being required.

Adenosine and its monophosphate "both inhibited the

rat duodenum but the maximum relaxation which they

could produce was less than half the maximum which

could be reached with plasma hiran (Fig. 11).

Thus none of these substances behaved like plasma
• ■ • j -

kinin on both the rat uterus and the rat duodenum.

The estimation of urinary kinin.

The kinin in human urine was originally

detected by testing diluted crude human urine on

the superfused rat uterus. Phen parallel assays

were performed on the uterus/duodenum combination

described above using crude urine, the results

were often markedly different; the apparent

potency of the urine being up to 5 times greater

on the duodenum.

The cause of this discrepancy was found

to be a substance in u ine which inhibits the duo¬

denum but does not stimulate the uterus. The

properties of this duodenum-relaxing substance

have been investigated (see Section III). It was

found to be adsorbed on alumina, from aqueous

solution.

A/
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A sample of crude urine was assayed on the

uterus/duodenum combination before and after

passage through an alumina column. The results

are shown in Table VIII.

Table VIII. Concentration (units/ml.) of kinin in

a sa pie of human urine assayed before and

after passage through an alumina column.

1
. /. . .

Rat
uterus

Rat
duodenum !

Before alumina

1 n-';l-J1 '■■"'■"

6 * 2 30 t 6

After alumina

'

15 ± 5 15 ± 5

After the alumina treatment not only was the

duodenum figure lower, but the uterus figure was

appreciably higher, suggesting that the inhibitory

substance may also depress the stimulant action of

kinin on the uterus. This result illustrates very

clearly the unreliability to be placed upon the

use of a single tissue for these estimations.

The recovery of urinary kinin from alumina

columns was investigated by applying standard

substance 'L dissolved in 5 ml. water and washing

the column with water. 2.5 ml. samples were

collected/
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Alumina column. 6.5 x 1.0 cm.

16 units substance Z applied (in 5 ml. water).
Column washed with water. Recovery = 95$.
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collected on the fractionstor. Urinary kinin

passed through the column and appeared in the

filtrate as soon as the hold-up volume had "been

displaced (Pig. 12). Recoveries were always

over 90*1. All urine specimens were pre-treated

"by passage through an alumina column at pH 7

"before assay (see Methods).

Stability of urine samples.

Jensen (1958 ) showed that extracts of

urinary kinin in solution were more stable than

crude urine. This observation has been confirmed.

Since a kinin-inactivating enayrne has been

detected in urine (Prey et al., 1950), it was

thought probable that this might account for the

relative instability of crude urine.

The urinary kinin content of two urine

specimens was estimated by the method described

above. Bach specimen was then divided into three

portions. One portion was adjusted to pil 7, the

sedond to pH 2 and the third was heated in a

boiling water bath for 10 rain, and adjusted to

pH 7. The specimens were left for 24 hr. at room

temperature, and their kinin content was then

estimated (Table IX). The loss of activity in

the/
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the acidified, and pre-heated specimens was far

less than in the untreated specimens.

Table IX. Recovery (. ■) of kinin from urine samples

left at 1G-15°G for 24 hr.

i |
TREATMENT EXPERIMENT I

.III 1.1^

EXPERIMENT 2

! ■ ■ * " 1 f
pH 7

I ' ** Vi ■ ; ' : 1

V

3 18

j 1 1
pH 2

! |
100 77

1
Boiled 10 min. ,

then pli 7.
80 72

These results strongly suggest that in

crude urine kinin is destroyed "by an enzyme, which

can he inactivated by heat and is inactive at a

low pli.

Collection of urine specimens.

Urine specimens which were frozen and

stored in a deep-freeze showed no detectable loss

of activity over a two month period. The urinary

kininase is evidently inactive at this temperature.

All specimens were frozen within 15-30 min- of

collection, unless they were to be assayed immed¬

iately. Alternatively, the specimens were passed

through an alumina column and the filtrates were

frozen/
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frozen until the time of assay.

DISCUSSION

Sensitivity.

Since the rat duodenum and the rat uterus

ere so sensitive, only small quantities of kinin

ere necessary for adequate parallel assays. This

is of particular importance for urinary estimat¬

ions where the kinin concentration is relatively

low.

Specificity.

A second advantage of thi3 method is its

specificity for kinins. Vasopressin and oxytocin

were the only other substances found to be

qualitatively similar on the two tissues, but

their action on the duodenum required very high

doses. In practice these peptides would be

distinguished very easily by their much more power¬

ful oxytocic action, and therefore by the lack of

agreement between assays on the two tissues.

Biologically, the kinins are more closely

related to substance P than to any other known

pejjtide. Both ere vasodilators and both stimulate

plain muscle. However, the two peptides have

opposits actions on the rat duodenum; substance P

causing/
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causing a slow contraction and plasma kinin produc¬

ing relaxation. This tissue may prove to "be a

useful qualitative test object for distinguishing

between the two, but its sensitivity to substance

P is low.

Angiotensin may have an inhibitory action

on the duodenum in higher doses than those used in

this investigation, but the index of discrimination

is sufficiently great for it to be distinguished

easily from kinin.

The results with bradykinin and urinary

kinin are in agreement with more extensive parallel

assays; it has been suggested (Section I) that all

these kinins may contain the same active principle.

If, however, the active principles are different,

this method will hot discriminate between them.

Wasp and plasma kinins are very similar;

but wasp kinin is inactivated by trypsin and can

be separated from the plasma, kinins by paper

chromatography (Holdstock et al., 1957). They

could not be distinguished by the uterus/duodenum

combination described above. If the difference

between wasp kinin and plasma kinin can be

confirmed, this failure to discriminate is most

significant. It suggests that the method

described is unable to discriminate between closely

allied/
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allied "but chemically different kinins. •

Substances which act upon the rat uterus

and the rat duodenum may he divided into four

groups according to their effects: (1) stimulation

of both tissues (e.g. substance P), (2) inhibition

of both tissues (e.g. adrenaline), (3) inhibition
of the uterus and stimulation of duodenum (e.g.

histamine) and (4) stimulation of the uterus and

inhibition of the duodenum (e.g. the kinins).

Of the substances investigated, only

vasopressin and oxytocin fall in the same group as

the kinins, and they are easily distinguished. It

follows therefore thet if an active tissue extract

is assayed in parallel on the rat uterus and. rat

duodenum using plasma kinin as a standard, and the

results agree, it is good evidence that the active

principle is really a kinin.

Since it is conceivable, though improbable,

that such agreement could occur if the unknown

contained a mixture of say 5-hydroxytrypta£mine

and adrenaline, the specificity can be confirmed

by showing that the activity is destroyed by

chyrootrypsin incubation.

Interfering substances.

Biological estimates of the potency of an

extract may be modified by the presence of

impurities/
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impurities. These may have either an additive or

an antagonistic action on the active principle
■x ;•>

"being estimated. The qualitative difference in

the responses of the rat uterus and the rat

duodenum to kinin is particularly valuable in the

detection of such interfering substances.

If the kinin extract contains an inhibitory

substance (e.g. adrenaline), its potency measured

by the rat uterus will be low, because the kinin

in the extract will be partially inhibited. On

the other hand, the potency measured by the rat

duodenum will be high, because both kinin and the

impurity will inhibit that tissue, and their

effects will be additive. Thus, the discrepancy

between results on these two tissues will tend to

be more marked than with a pair of tissues which

responded in a qualitatively similar manner; and

smaller amounts of impurity will be deteeted.

Urinary estimations.

There appears to be no adsorption of urin¬

ary kinin on alumina columns from aqueous solution.

The active principle filters through and can be

completely recovered in the filtrate, thus afford¬

ing complete separation from tlie duodenum-relaxing

substance (see Section III).

The loss of activity of urine specimens at

room temperature is of great significance from a

practical/
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practical point of view. If a true figure for

kinin excretion is to "be obtainedA the urine must

-either "be assayed within a short time of collection*

or steps must "be taken to prevent the inactivation.

The experiments in which urine specimens

were protected from inactivation "by pK adjustment

or "by previous hoi ling, strongly suggest that an

enzyme is responsible for much of the loss of

activity in crude urine, confirming the findings

of previous workers (Prey et al., 1950). The

action of this enzyme can he prevented by freezing

urine samples as soon as possible after their

collection.

There remains the possibility, however

that kinin is destroyed while in the bladder and

some evidence for this has been obtained (see

Section IV). The rapid inactivation of kinin in

crude urine at room temperature precludes the

possibility of estimating it in 24 hr. specimens,

as collected slinically, unless precautions have

been taken to prevent the action of the kininase.

either
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SECTION III

TIC DUpp^nroif-RaiAXIKQ HUBSTANCB (DRS ) »

It has "been shovm th t 'plasma and urinary

kinins produce relaxation of the isolated rat

duodenum. When urine is passed through a column

of the cation exchange resin IRC50 at pll 6, kinin

is adsorbed, "but the filtrate from the column

contains some duodenum-relaxing activity, varying

from 20 to 80^o of that in the original urine. The

active principle (DRS) differs from kinin in

having no stimulant action on the rat uterus. Its

properties have been investigated and are reported

below.

METHODS

Extraction of DRS. - A crude extract of the active

principle was prepared as follows. Urine was

passed through a column of IRC50 buffered to pH

6.0 and the filtr- te was collected. 'This was

evaporated to dryness on a boiling water bath and

the residue was extracted with absolute alcohol.

The alcoholic extract was filtered, and the filtra

was evaporated to dryness.

Ion/

te
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Ion exchange resins. - IRC50 was used as described

above (p. IB). The anion resins IR4B an* IR45

were adjusted to pH 7 with a sodium phosphate

buffer. Adsorption on these anion resins was tested

by shaking batchwise with a solution of DRS at

PH 7.

Guinea-nig auricles. - The auricles from animals

ions were made on this tissue.

Rat ileum. - (see p. 16).

Rat uterus. - (see p. 14).

Rat blood pressure. - (see p. 17).

RESULTS

Solubility. - DRS i3 readily soluble in water and.

absolute alcohol, and slightly soluble in

n-butanol. It is insoluble in ether and

chloroform.

weighing 350-600 g. were suspended in a 40 ml. bath

containing oxygenated Locke solution at 30°0.

Recordings were made with a light isometric lever.

Rat duodenum. - (see p. 15). All routine estimat-

Stability. - Solutions of DRS were heated for 1 hr.

in a boiling water bath, At pH 6, lOQvb of the

original/
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The "biological actions of DRS extracts, a = ret duodenum;
"k - rnt ileum; e = rat "blood pressure; d = guinea-pig
auricles;^ D = duodenum-relaxing substance (mg.); DA = Dafter shaking "batchwise with alumina at pH 7; K = urinary
kinin (units); A = adenosine-5-monophosphate (p.g.).
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original activity remained, at pH 2, 75$ and at

pH 9, 45$.

Ashing. - A dried extract of DRS was ashed. The

ash dissolved completely in water hut the solution

contained no detectable activity.

Dialysis. - A solution of DRS was dialys d in

cellophane tubing against running tap water, 50$

of the original activity dialysed out in 20 min.

Over 90$ dialysed out in 2 hr.

Adsorption. - DRS was not adsorbed by IR050 at

pH 6, nor by the anion exchange resins IR45 and

1R4B at pH 7. When a solution of DRS was shaken

batchwi3e with alumina, all activity was removed

from solution (Fig. 13a), and elution could not

be effected with 0.4$ acetic acid, ethanol or

N hydrochloric acid. DRS was adsorbed on to

Whatman No. 100 filter paper and could not be

eluted with cle Jalon solution. This irreversible

adsorption made electrophoresis impossible.

Enzymes. - When incubated for 1 hr. at 37°0 with

pepsin (pH 2.0), trypsin (pH 7.3) and chymotrypsin

(pH 7.3), no inactivation of DRS occurred.

Biological properties. - Besides its marked

inhibitory/
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inhibitory effect on the rat duodenum, DRS inhibit-

ed the rat uterus and rat ileum. In large doses

extracts of DRS inhibited the guinea-pig auricles

and depressed the rat blood pressure but the

specificity of these effects is doubtful (Pig. 13)*.

Parallel assays. - In view of the qualitative

similarity between DRS and the adenosine compounds

and since adenosine has been isolated from human

urine (Celvery, 1950) parallel assays were carried

out. The results are shown in Table X.

Table X. ?lg. of denosine compounds equi-active

with 1 mg. DRS extract.

Adenosine Adenosine-5-
monophosphate

Rat blood pressure 0.5 0.2

Guinea-pig auricles 0.1

Rat duodenum 60.0 15.0

Adrenaline and noradrenaline. - DRS we3 estimated

on the duodenum in terms of these compounds. The

24 hr. urinary output was equivalent to 20 mg.

adrenaline or 10 mg. noradrenaline.

DISCUSSION/
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DI3CUSSI0N

Many pharmacologically active substances

are known to occur in human urine. By a process

of elimination many of these can he excluded as

the active principle in extracts of DRS.

Adenosine compounds. - Prom parallel assays it

seems certain that neither of the adenosine

compounds can account for all the activity of DRS

extracts. It is possible that they contribute to

its activity and they may account for its weak

action on the guinea-pig auricles and the rat

blood pressure.

Adrenaline and, noradrenaline. - These compounds

have a pressor action on the rat blood pressure,

whereas DRS extracts are depressor; they are

adsorbed on IR050 under conditions in which DRS

is not adsorbed, and thirdly if the duodenum-

relaxing activity is estimated in terms of these

substances the 24 hr. urinary output is approxim¬

ately a thousand times greater than the established

normal output. For these reasons it i3 most

unlikely that the activity of DRS is due to the

presence of adrenaline or noradrenaline.

Vasopressin and oxytocin. - These substances both

stimulate/
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atimulate the rat uterus in a much smaller dose

than that required to produce relaxation of the

rat duodenum, whereas DRS has no stimulant action

on the rat uterus.

Urinary kinin. - produces relaxation of the

duodenum hut it is adsorbed by IRC50. It stimul¬

ates the rat uterus and is destroyed by chyme-

trypsin.

Acetylcholine, 5-hydroxytryptamine and substance P.

- These three substances stimulate both the rat

uterus and the rat duodenum.

Histamine. - The rat duodenum contracts in the

presence of large doses of histamine whereas the

uterus is inhibited.

Kallikrein. - This substance is unstable under the

conditions used to extract DRS. It is not

dlalysable and is destroyed by pepsin.

Acetone and urea. - These substances had no effect

on the ratduodenum in concentrations in excess of

those likely to be found in urine,

Inorganic ions. - Since activity is destroyed by

ashing, the presence of inorganic ions (other than

ammonium ions) cannot acoonnt for the activity of

DR§/
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Nicotine. - Nicotine inhibited the rat duodenum in

relatively high concentrations. The output of

duodenum-relaxing substance in human urine estim¬

ated in terms of nicotine acid tartrate was cf the

order of 100 mg./l, Such an amount is most

unlikely to be present in human urine j an approx¬

imate figure of 40 p.g./l. has been reported

(Lockett, 1944).

The active principle (or principles)

responsible for this duodenum-relaxing affect has

not been identified. It ap 'ears to be a stable

non-peptide organic substance, which dialyses

rapidly. Its insolubility in ether and chloro¬

form suggests that it is not one of the organic

acids.

The inhibitory substances known to be

^resent in human urine, adenosine, adrenaline,

noradrenaline and nicotine have been excluded,

though it is possible that they may make some small

contribution to the activity of the extracts.

Piperidine, isoamylamine and tyramine have not

been tested on the rat duodenum, but it is likely

that they would be adsorbed on IEC50, unlike the

duodenum-relaxing substa.nce.

SECTION IV/
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SECTION IV

TIE EXGRI5TI0N OF KININ IN HUMAN URINE.

.

Plasma kinin is formed during functional

vasodilatation of the salivary and sweat glands

(Hilton & Lewis, 1955, 1956; Fox a Hilton, 1958),
and it is possible that kinin formation may occur

in other parts of the "body. Its excretion in

normal human urine suggested a continual product¬

ion (Gomes, 1955), hut it was not known to what

extent the excretion rate varied under different

physiological conditions and in different people.

This has "been investigated using the method for

kinin estimation described in Section II.

The amount of kinin excreted per unit time

was found to be fairly constant in the urine of

both male and female subjects.

METHODS

Collection of urine specimens. - Urine was

collected over a timed period as follows: the

subject emptied his bladder and noted the time,

the specimen being discarded. At the next

micturition, the whole specimen was collected and

the time again noted. The total volume and

pH/
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pli (3.D.1I. narrow range indicator paper) of the
/

urine were measured immediately. A 10 ml. aliquot

was transfered to a "boiling tube and frozen "by

immersion in a mixture of acetone and solid carbon

dioxide ("Drikold") at -70°0 within 30 min. of

collection. It was then stored in the deep freeze.

Alumina columns. - all urine specimens we-re part¬

ially purified "by passage through an alumina

column (see p. 38).

Simultaneous parallel assays on the rat uterus and

duodenum. - (see p. 33).

RESULTS

Individual variation in urinary kinin excretion.

The urinary excretion of kinin was

estimated in 14 healthy adults, 12 male and 2

female. All except one were within the age range

13-40 yr. The results are shown in Table XI.

The estimates of kinin on the rat duodenum

were fairly consistently lower than on the uterus,

though in one subject the mean was higher. In

three subjects the figures were markedly lower on

the duodenum. The differences suggest that there

is a substance in urine which interferes with one

or both assays, and that it is excreted to a much

greater/
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greater extent in some individuals. The differ¬

ences were small compared to those caused "by the

duodenum-relaxing substance, when untreated urine

was used. In general, variations were in the

same direction on the two tissues.' In the further

Table XI. The urinary excretion of kinln

(units/min. * S.h.) in healthy adults, estimated

on the rat uterus and rat duodenum. The number

of specimens tested is given in parentheses.

Subject Rat uterus Rat duodenum

Mil 12.8 * 5.9 (46) 8.2 * 4.8 (40) I

* TflH
9. C * 5.5 (30) 5.7 # 6.1 (20)

RBB 12.3 ± 3.3 (6) 13.0 ±7.8 (4)

RP3 15.3 * 2.1 (5) 11.2 ± 3.3 (5)

ID G. 5 ± 2.9 (S) 4.9 ± 3.3 (8)

PS 15.1 ± 6.0 (5) 11.0 * 4.5 (5)

I DPS 12* 1 ± 4.3 (6)
"

3.4 ± 5.6 (5)

IK
{

10.9 ± 6.3 (6) 7.4 ± 6.4 (5)

! NSC 13.4 ± 4. 5 (5) 6.3 * 3.3 (5)
j

[ ROD 9.1 ± 4.7 (5) 7.1 ± 3.2 (5)

a*5 17.5 * 12.5 (5) 13.8 ±1.0 (5)

KCII 14.0 * 2.5 (3)
- :

2.5 ± 0.4 (3)
_

ABP 7.9 * 4.7 (5) 3.3 ± 1.4 (5)
* PAJ 13.3 * 4.4 (3)

L
3.3 * 1.0 (3)

]

* Female subject.



Table XII. The urln-r,/ excretion of kinin

(units/min.) -.'t different rotes of urin-'-ry out-put

(14 subjects), estimated on the rat uterus.

r—

! Urinary output
ml./ruin.

1

lean ± S.E. (No. of specimens)

j 0.26 - 0.501
. :

9.3 * 6.4 (56)

1
:
0.51 - 1.00 12.1 * 5.1 (30)

j

1.01 - 2.00

1
12.3 ± 6.6 (47)

1

2.01 - 13*00 10.9 ±5.1 (19) 1
■ . • - — • • • -
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analysis of the results only those on the uterus

will "be discussed, though in most cases specimens

were assayed on "both tissues.

The figures for kinin excretion were
f 4

remarkably constant. There was a less than three¬

fold difference between the means at the extremes

of the range (6.5 and 17.5} in 14 subjects. The

individual figures varied from 2.6 to 38.0

units/min. , but in 2G5 specimens tested only 3

were lower than 3 units/min. and 4 were higher

than 30 units/min. The two female subjects excret¬

ed kinin at similar rates to the males.

The effect of urinary output on kinin excretion.

The early experiments showed that the

concentration of kinin in urine was roughly

proportional to the concentration of the urine

itself. Thus the urinary excretion of kinin has

been expressed as units/min. The justification

for this has been tested by comparing the rate of

kinin excretion at different rates of urinary flow.

The results in Table XII show that the

rate of kinin excretion is independent of the

urinary output over the range 0.26-18.0 ml./min.

In these experiments adjustments to the rate of

urine formation (when required) were made by

varying the fluid intake.
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The effect of urinary pIX on kinin excretion.

It was possible that kinin would be

excreted at different rates depending upon the pli

of the urine. The results obtained with 14

subjects were analysed and are shown in Table XXIX*

The excretion rate of kinin was similar at each pH

"value.

Table XIII. The urinary excretion of kinin

(units/min.) at different urinary pits (14 subjects),
estimated on the rat uterus.

pH =0.3
M

Sean i 3.E. (Wo. of specimens)
'

. v. /. .
...

1

5.5 11.9 ± 0.9 (16)

CO«10 11.4 =6.5 (42)

6.1
I ;

13.9 ±3.7 (13)

i t~"
! 6.4
II

13.3 ±6.5 (3)

6.7
| !

'
> • 1

11. 3 ± 4.4 (8)
^ ^ Mtia.jl |)'1- .1)11 -U.IJ BI.U" -v. U-UT, rL. • -l1"1""""1- "

7.0 12.2 ± 6.0 (6)

7.3 10.9 ± 4.1 (12)
, J

Diurnal/
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Diurnal variation of kinin excretion.

Overnight urine specimens were coopered

with day specimens collected, from the same subject

on the previous or following day. The results

(Table XIV) provide no evidence of any diurnal

variation.

Table XIV. The urinary excretion of kinin

(units/rain. * S.3.) in 13 overnight specimens

and in 13 control specimens collected during

the day from one subject. Estimations on the

rat uterus*

i
l Overnight HO• 3 ± 4.2
! specimens,
|
1
[ Controls 1 O 0 ± 4.6

(day)

It was noted that 3 overnight specimens,

collected while the subject was taking sodium

bicarbonate orally (urine pH 7.3), all contained

small amounts of kinin (4.4, 2.6 & 5.3 units/min.).

Day specimens, which were pH 7.3 but were in the

bladder for shorter periods, did not have these

low values.

Evidence has already been presented

(Section II) to suggest that kinin is destroyed

by/



Table 'CV. Hie ui-inr.ry exercticii of kinin

(unlts/rdLn. =* S.S.) In 10 specimens collected

after merle and In 10 control (£■ stirif-) ":?cclncns

(1 sub.ject). 'i nr. on the t uterus.

Specimens collected
after meals

'

, rlM - •••' ... „ . ,

10. S i 4.2

: Controls (fasting) 13.4 ±8.5
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by an enzyme in urine. If this has an optimum pH

on the alkaline side, it might "be particularly

active in alkaline urine which remained in the

bladder for relatively long periods, thus account¬

ing for the lov/ kinin levels in alkaline urine and

the difference "between night and day specimens in
j

this respect.

The effect of food on kinln excretion.

Since kinin is released during functional

vasodilatation of the salivary glands (Hilton &■

Lewis, 1955, 1956), it was possible that the

salivation occurring at meals might be associated

with an increased kinin excretion in the urine.

In these experiments meals (usually 2 or 3

course) were not designed specially to promote

excessive salivation. The bladder was emptied

before the meal and urine was collected 1 to 2 hr.

later. Urine specimens were collected over

similar (fasting) periods 4-6 hr. after a full

meal.

The results in Table XV show that kinin

was excreted at similar rates during the meal

period and control (fasting) periods.

The effect of sweating on kinln excretion.

Pox &■ Hilton (1958) demonstrated the

formation/
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.**■. ■

formation of plasma kinin during functional

vasodilatation of the sweat glands. In view of

this the effect cf sweating cn urinary kinin

excretion has "been investigated. Sweating has

been induced by pilocarpine and by heat.

Pilocarpine nitrate (9 mg.) was injected

subcutaneously. After 2 min. facial flushing

occurred and was quickly followed by profuse

salivation and considerable sweating. The symptoms

lasted 30-40 rnin.

Urine was collected over the 1-2 hr.

period before the injection and for a similar

period after the injection. The results in Table

XVI from 3 experiments show that pilocarpine did

not produce much change in the kinin excretion

rate, although in each experiment the figure

during the test period was slightly higher.

Table XVI. The urinary excretion of kinin

(units/min. * 3.1.) after the subcutaneous inject¬

ion of pilocarpine nitr te 3 rag. (5 experiments on

1 subject/. Estimations on the rot uterus.

1

Before

I

12.1 ± 6.0 (3) ?
i

1

pilocarpine
| • •

After 16.4 * 7.2 (3) 1
pilocarpine I



Table XVII. The urinary excretion of kinin

(units/min. * S.E.) in 7 mole patients. Estimat¬

ions on the rat uterus. Number of specimens

tested is given in parentheses.

•Subject ; Age
i(yr.)

j i - - j.. f-.-. .

Disease

■

.

!

!; .
.

•

-

...,■ 1 r.1 .1 uuui u 1] 1 1 II . - I P. ,

II 1

M | 64
|

i

Hepatic failure
* ascites

17.3 ± 9.9 (2)
'

.

!' 111! -

Ry ! 65

| |
* Myocardial
infarction

13.4 ± 3.5 (3)
.

11 r *
!

__ !
F ! 5?

!;
1 . J . .

* Myocardial
Infarction

19.2 ± 3.9 (2)
j

! 13 j 68
n i

*Thrombophlebitis
• -

28.1 ± 10.4 (3)

I
Sa 69

$

Congestive
cardiac failure

, J
7.4 "dfc 2.9 3j

II 58 Duodenal ulcer 21.6 t 11.0 (3)

0 43 Duodenal ulcer 16.9 ± 17.5 (2)

* Treated with phenindione during period of

urine collections.
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One experiment was performed in which

sweating was produced "by heat. The lower half of

the subject was immersed in a hot "bath (40-43°C)

for 1 hr. His oral body temperature was 38°G. To

maintain the urinary output 150 ml. warm tea was

drunk during the experiment.

The excretion of kinin curing the experi¬

mental period (21 units/min.) was little greater

than the rate during the preceding control period

(20 units/min.).

The urinary excretion of kinin in patients.

Seven male patients suffering from various

diseases were investigated. Three were being
;■

treated with phenindione and had decreased

prothrombin levels. Another was suffering from

hepatic failure and two had duodenal ulcers. The

results in Table XVII show that the rate of urinary

kinin excretion in these patients was of the some

order as in the 14 healthy persons.

DISCUSSION

The results from these experiments show

that the rate of urinary kinin excretion is

fairly constant. Conditions under which kinin is

known to be formed in increased amounts were not

associated/
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associated with any change in the urinary kinin

output. This suggests that the kinin released

during glandular activity must he destroyed

rapidly, "before the blood levels rise sufficiently

to alter the urinary content. Such inactivetion

by plasma occurs very readily in vitro, and is

thus to be expected in vivo. In addition since

a kininase is present in urine, some kinin

destruction may occur in bladder; and evidence

suggestive of this has been presented.

The question of the origin of urinary

kinin remains unsettled. It may represent the

renal clearance of kinin from the plasma. Human

plasma which has been collected with precautions

to prevent glass activation (pre-active plasma)

does contain small amounts of kinin (Armstrong et

al., 1957), and this may represent the normal

plasma level. Cn the other hand it is possible

that the kinin in urine is formed locally in the

kidneys and that it is a mediator of renal vaso¬

dilatation, similar to its function in the saliv¬

ary and sweat glands.
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SEGTION V

TIES ASSAY OF KALLIKREIh.

Kallilcrein has generally been estimated by

comparing its depressor effect on the dog blood

pressure with that of a standard preparation

(Prey et al., 1950). If a suitably designed assay

is used precise results can be obtained

(Krunm-Heller & Sal-esse* 1956). This method has

several disadvantages; it is relatively insensit¬

ive, slow (a dose interval of 15 min. may be

required) and non-specific. In addition dogs are

expensive and are not always readily available,

and only a few assays can be performed on any one

animal. The rabbit blood pressure has been

recommended as a possible substitute (Frey et al.,

1950) but most of the above disadvantages also

apply, and the preparation is much les3 robust.

Kallikrein stimulates certain types of

isolated plain muscle, and it is possible that

such preparations might be suitable for quantitat¬

ive work.

Several workers have estimated kallikrein

in terms of the plasma kinin which is formed on

incubation with plasma or pseudoglobulin (Beraldo

et/
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et al.,1956; Hilton & Lewis, 1955, 1956).

Untreated plasma or pseudoglo"bulin contains

inactivators of kinin and kallikrein. This raises

theoretical and practical difficulties which will

he discussed later.

Different methods of kallikrein estimation

have "been investigated. A new method has been

developed in which kallikrein is incubated with

acid-treated dog's plasma under standard conditions.

This has been described in a communication to the

Physiological Society (Horton, 1953).

METHODS

Dog blood pressure. - Dogs weighing 10-15 kg. were

anaesthetized with ether, the anaesthesia being

continued with chloralose (80 mg./kg.) infused

intravenously. The trachea was cannulated and

artificial respiration applied if necessary. The

right femoral artery was cannulated for blood

pressure recordings with a Hg. manometer, and

injections were made via a cannula in the adjacent

femoral vein. Sodium thiosulphate {25%) was used

as anticoagulant.

Rabbit blood pressure. - (see p. 17).

Guinea-nig/
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Guinea-pig blood pressure. - Guinea-pigs weighing

400-60G g. were anaesthetized with urethane

(225 mg./lOO g.) administered subcutaneously. The

left carotid artery and right jugular vein were

cannulated for the recording of blood pressure and

the administration of injections respectively. A

capillary-type Hg. manometer (Oondon, 1951) was

used. Heparin (30 mg./kg.) was injected intra¬

venously when the dissection was complete.

Rat blood pressure. - (see p. 17).

Fowl blood pressure. - The procedure described by

Goon (1939) was followed with slight modifications.

Fowls weighing 1-2 kg. were anaesthetized with

sodium i>henobarbitone 200 mg./kg. injected

intramuscularly. The trachea was cannulated. The

ischiadic artery was cannulated for blood pressure

recordings with a mercury manometer and the vein

was cannulated for injections. Heparin (20 mg./

kg.) was used as anticoagulant.

Isolated dog intestine. - Segments of ileum, 3-5

cm. in length, obtained post-operatively from dogs

used for blood collections, were suspended in a

50 ml. bath containing atropinised (1 mg./l.)

Tyrode solution. The gut showed a fair amount of

spontaneous/
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spontaneous activity but the base line remained

level provided that atropine was present.

Kallikrein preparations caused contraction after

a latent period of up to 2 min. The dose was

allowed to act for 2.5 min. and a 15 min. cycle

was used.

Isolated dog uterus. - Segments of uterus 3-4 cm.

long obtained from exsanguinated dogs were

suspended in a 50 ml. bath containing atropinised

(lmg./l.) Tyrode solution.

Rat uterus. - (see p. 14).

Guinea-pig ileum. - (see p. 14).

Preparation of human plasma. - Blood from the

ante-cubital vein of healthy donor3 passed through

an unsiliconed needle and short length of rubber

tubing, and 50 ml. was collected in a polythene

bottle, cooled to 0-4°C with ice and containing

600 units heparin dissolved in 10 ml. saline. The

blood was mixed thoroughly with the heparin solut¬

ion by gentle rotation of the bottle throughout

collection.

The blood was transfered to cooled poly¬

thene centrifuge tubes and centrifuged for 30 min.

at 1000 r.p.m. and 4°0. The upper 3/4 of this

plasma/
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pl'«3ma was used for subsequent experiments.

Preparation of dog's plasma. - Dogs were anaesthet¬

ised with ether and. exsanguinated via a polythene

cannula in the carotid artery. The "blood was

collected in 200 ml. siliconed centrifuge "bottles

containing either heparin (2000 units) or sodium

citrate (1 g.) and was centrifuged at 2000 r.p.m.

for 30 min. (4°0). The plasma was dialysed against

running tap water for 24 hr. and then against

4 vol. Tyrode solution for 24 hr. at 4°G., the

dialysate "being changed twice. The plasma sortition

was then freeze-dried.

Siliconing of the vessels was later omitted,

as it was found to "be unnecessary.

Preparation of heated dog's plasma. - Plasma was

incubated for 3 hr. at 56-5S°G. immediately after

separation. It was then dialysed and freeze-dried

as above.

Preparation of dog's pseudoglobulin. - Heated and

unheated plasma were used for pseudoglobulin

preparation before the dialysis stage. Saturated

ammonium sulphate solution was added in a quantity

sufficient to make the final plasma mixture 33%>

saturated. The precipitate was separated by

centrifugation/
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centrifugation and discarded. The supernatant was

then saturated to 45fS "by the addition of further

ammonium sulphate solution. The precipitated

fraction was separated hy centrifugation and

dissolved in water for 24 hr. and then against

Tyrode solution for 24 hr. and finally freeze-dried.

Acid-treated dog's plasma. - Preeze-dried dialysed

dog's plasma was reconstituted "by the addition of

water. Its pH was adjusted to pli 2 (indicator

paper) "by the addition of N hydrochloric acid

(1 in 10). This acidified plasma ?/as incubated

for 10 min. at 37°C and then neutralised (pH 7.3)

by the addition of N sodium bicarbonate solution.

Incubation method for kallikrein estimation. - The

sample of urine to be assayed was dialysed through

cellophane for 24 hr. against running tap water.

The volume before and after dialysis was measured,

allowance being made in the final calculations for

the dilution which occurred.

The urine was then diluted (1 in 10), and

0.5 ml. was added to 1 ml. acid-treated plasma and

incubated at 37°0 ahd pli 7.3. After 15 min. 1 ml.

of the incubation mixture was pipetted into a

centrifuge tube containing boiling absolute

alcohol. The mixture was boiled for 5 rain, and

then/
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then centrifuged at 1000 r.p.m. for 20 min. The

residue was re-extracted with 66^ ethanol and the

pooled supernatants were evaporated to dryness in

vacuo.

The residue was taken up in water and

assayed on the isolated guinea-pig ileum against

standard plasma kinin. The kallikrein content of

the sample was determined "by interpolation on a

standard curve relating kallikrein concentration

to kinin production under the conditions specified.

• 1
. r- ' ; ' " ' ' : ' '

Standard, kallikrein. - 5 1. pooled male human urine

was concentrated to a fifth its volume in a

climbing film evaporator. The concentrate was

dialysed through cellophane tubing against running

tap water for 43 hr. It was then mixed with 4 vol.

acetone at 4°G. The dark brown precipitate which

formed was separated by centrifugation and dried

in vacuo. The amorphous material was powdered

and standardised against a sample of 'Padutin'

(Bayer Products) obtained from Br. E. Werle, on

the dog blood pressure and by the incubation

method described above* The extract contained

0.5 units (Werle)/mg. The recovery was 50'.

Standard plasma kinin. - 100 ml. acid-treated dog's

plasma was incubated with 5 units human urinary

kallikrein/
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kallikrein at pH 7.3 and 37°0 for 2 hr. The

mixture was then poured Into 2 vol. boiling absol¬

ute alcohol, boiled for 5 min., and centrifuged at

2000 r.p.m, for 10 min. The residue was

re-extracted witli 66/> ethanol, and the pooled

supernatants were evaporated to near dryness in

vacuo at 50-60°0. The final stages of the evapor¬

ation were carried out in freeze-drying apparatus.

The residue was a white powder, readily soluble in

water.

RESULTS

Blood pressure experiments.

The depressor action of human urinary

kallikrein on the dog blood pressure has been

confirmed (Pig. 14), but in spite of a long dose

interval (15 min.), tachyphylaxis developed. The

preparation remained in good condition for up to

6 hr., with little respiratory embarrassment, but

there was a gradual decline in the level of the

blood pressure. The threshold dose was usually

0.5 units, equivalent to about 2.5 ml. human urine.

Kallikrein also depressed the rabbit blood

pressure but the responses were very variable and

the dose response curve was flat (Pig. 15a). The

blood/
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0-05 0075 0-10 10

The action of human urinary kallikrein (units) on
(a) rabbit blood pressure
(b) fowl blood pressure
(c) isolated dog uterus (50 ml. bath).
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"blood pressure of the guinea-pig and the rat fell

in response to a threshold dose of 0.25 units

kallikrein, "but the general condition of both

these animals rapidly deteriorated with repeated

dosage owing to respiratory failure.

The kallikrein extract and dialysed urine

had a pressor effect on the fowl blood pressure

(Pig. 15b). The responses to a given dose were

very variable in size, and high doses (400 railli-

units) often produced biphasic responses, the

initial rise being cut short by a rapid and more

prolonged fall.

Isolated tissue experiments.

Kallikrein stimulated the isolated dog

uterus after a latent period of 2 mln. or longer

(Pig. 15c). The sensitivity of the preparation

was low and the responses were extremely variable.

The isolated dog intestine responded very

well to kallikrein provided that atropine sulphate

was added to the Tyrode solution (Pig. 16). When

atropine was omitted the base line was extremely

variable with much more spontaneous activity. The

gut responded to doses after a latent period of up

to 2 min. and continued to contract for some

minutes after the dose was washed out. Relaxation

was/



Pip-iire 16

DOS SMALL INTESTINE ATR.SULPH.10'6
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10 0-1 0-1 10
K=HUMAN URINARY KALLIKREIN (mg.)
P=HOG PANCREATIC KALLIKREIN (units)

Isolated, dog ileum. 50 ml. bath.



-78-

was also prolonged. When a dose cycle of 15 min.

was used, tachyphylaxis tended to develop. This

suggested that the interval was too short.

Incubation experiments with human plasma.

During the preparation of human plasma

contact with glass was avoided to prevent the

formation of plasma kinin hy glass activation

(Armstrong et al., 1957). These precautions were

not entirely successful, for such plasma invariab¬

ly stimulated the superfused rat uteru3 and also

the uterus in the hath unless small doses

(< 0.01 ml. plasma /ml. hath) were used.

When human plasma was incubated with

kallikrein more plasma kinin was formed hut the

r&te of formation in the control "tubes containing

no kallikrein was equally rapid, unless glass

surfaces were rigidly excluded throughout. In

view of this difficulty with glass activation it

was decided to investigate the plasma of other

species.

Incubation experiments with dog's plasma.

Dog's plasma collected under the conditions

described for human plasma contained little or no

plasma kinin. When incubated with kallikrein,

large amounts of kinin were formed. The stringent

precautions/
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precautions against contact with glass were

unnecessary since kinin is formed very 3lowly from

dog's plasma "by glass activation. In the early

experiments pseudoglobulin was used hut offered no

advantage over dialysed whole plasma, which was

used exclusively throughout the experiments

described helow.

When kallikrein is incubated with plasma

three reactions occur (Werle, 1937); (1) the

formation of plasma kinin by the action of

kallikrein, (2) its inactivaticn by kininase and

(3) the inactivation of kallikrein by its inactiv-

ator in plasma (Pig. 17). If reactions (2) and

(3) were prevented, the rate of kinin formation

should be proportional to the kallikrein added,

and this could form the basis for a method of

assay.

The inactivation of kininase and the kallikrein

inactivator by heat.

The inactivators of kinin and kallikrein

can be destroyed by heating plasma at 56-58°0 for

3 hr. (Werle, 1934, 1937; Holdstock et al., 1957).

This has been confirmed.

Pig. 18a shows an experiment in -which

dialysed human urine was incubated with dialysed

dog's/



Figure 13

(a) (b)

KALLIKREIN'DOG PLASMA
INCUBATED AT 37^

DP DU 1 6 11 16 21 26 min.
0-5 0-1 0-5
RAT UTERUS

6 ml. bp th.
DP = dialysed dog's plasma
DU = dialysed human urine (used as source of kallikrein)
Incubation mixture (ml.) tested at 5 min. intervals.

Mixture = 5*ml. Tip +• 0'5 ml. T>U.
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dog's plasma, samples of the incubation mixture

being tested on the rat uterus at 5 min. intervals.

Before incubation neither urine nor plasma had. any

effect on the uterus. During incubation for 1 min.

plasma kinin was formed, and a peak was reached at

about 6 min. Thereafter the kinin concentration

fell owing to the predominant action of the kinin-

ase in the plasma. After 26 min. little kinin

remained.

The experiment was repeated using plasma

which had been heated at 56-58°C for 3 hr. immed¬

iately after separation (Pig. 18b). Samples were

tested for 70 min. but no evidence of any kinin

destruction was obtained. It was concluded that

the plasma kininase had been inactivated by the

heat treatment.

During the heating process some formation

of plasma kinin occurred. This kinin was removed

by subsequent dialysis. However, considerable

plasma kinin formation also took place during

storage of this heated plasma, v.'ith great deplet¬

ion of the substrate. A better method was sought.

Antagonism of kininase with cysteine hydrochloride.

Cysteine hydrochloride is known to be an

inhibitor of the kinin-inactivating enzymes of

serurV
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iT 21 31 41 51 61 min.

yflroch"!oride (letion of cysteine
He inactlvators:
ml. dog's plasma * 40 milliunits kallikrein +•
mg. cysteine HOI incubated at 37°C.
.1 ml. incubation mixture tested on rat uteru3
6 ml. bath) at 5 min. intervals,
t 35 and 55 min. (40 more kallikrein (20 milli-
mits) was added to the mixture.
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serum (Prey et al., 1950) and the kidney (Rocha e

Silva, 1955), This inhibition has "been confirmed,

hut high concentrations (1 mg./ml.) of cysteine

hydrochloride were necessary for complete antag¬

onism of plasma kininase.

Kallikrein was incubated with dog's plasma

in the presence of cysteine hydrochloride (Pig. 19).

A plateau of kinin concentration was quickly

reached. When more kallikrein was added more kinin

was formed and a second plateau occurred. This was

seen again, when still more kallikrein was added.

It was concluded that the first two doses of

kallikrein were inactivated before all the kinln-

ogen had been exhausted. Clearly cysteine hydro¬

chloride does not, block the kallikrein inactivator

of plasma.

A further disadvantage of the use of

cysteine was the blockage of kallikrein itself in

concentrations only slightly higher than those

necessary to block kininese.

The inactivation of kininase and the kallikrein

inactivator by acid.

Many enzymes are inactivated by incubation

at a pH far removed from their optima.. This was

found to be a convenient way to inactivate both

kininase/
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kallikrein ♦ dog plasma incubated at 37

min ,47 10 13 1b iy 22 25 28
ml. 0-1

14 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 min.0-1 0-05002 0-01 ml
q f=untreated plasma
£p=acid treated plasma

llnea-pig ileum 6 ml. "bath Atropinised Tyrode
icubation mixture <= 5 ml. dog's plasma (a =
itreated; "b = acid-treated) + 125 milliunits
Tllikrein. More kallikrein (125 milliunits) was
ided to the mixture at the times indicated.
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kininase and the kallikrein inactlvator.

In the experiment illustrated in Fig. 20a,

kallikrein was incubated with dialysed dog's plasma.

Plasma kinin formation was follov/ed by testing the

incubation mixture at 3 min. intervals on the

guinea-pig ileum. A peak occurred somewhere

between the first and fourth minute and then the

concentration of plasma kinin steadily declined

owing to the action of kininase. At the 24th.

minute when plasma kinin could no longer be

detected, more kallikrein was added to the incub¬

ation mixture. This was followed by the formation

of more plasma kinin showing that the substrate

had not been exhausted by the kallikrein originally

added. Since this process could be repeated

several times before the substrate was exhausted,

it suggested that the kallikrein was being inact¬

ivated fairly rapidly after its addition. This

experiment provided good evidence for the three

reactions shown in Fig. 17.

When the experiment was repeated using

acid-treated dog's plasma (see Methods) the

results were very different (Fig. 20b). Plasma

kinin continued to be formed up to the 40th.

minute, but there was no evidence of any destruct¬

ion throughout the experiment (64 minutes). When

more/
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more kallikrein was added to the mixture no more

kinin was formed, showing that all the substrate

had been used up by the original kallikrein. Thus

no kallikrein inactivetion took place and it may

be concluded that the acid treatment of dog's

plasma destroyed both kininase and the kallikrein

inactivator.

The standard curve.

When kallikrein is incubated with acid-

treated plasma a single reaction occurs (Pig. 21).
If the incubation time is kept short (e.g. 15 rain. ,

the amount of substrate used up will be a small

proportion of the total. Under those conditions

the rate of kinin formation should be proportional

to the concentration of kallikrein in the mixture.

Acid-treated plasma was incubated with

different concentrations of kallikrein for 15 rnin.,
>

the reaction being stopped by pipetting the

mixture into boiling alcohol. After extraction

the samples were assayed on the isolated

guinea-pig ileum against a standard preparation
of plasma kinin. The mount of kinin formed was

plotted against kallikrein concentration (Pig. 22).
Some kinin formation occurred in the controls

containing no kallikrein. In each batch of test

samples/

. ui.



Figure 22

kallikrein (milliunits)

Human urinary kallikrein incubated with
acid-treated dog's plasma at pH 7.3 for
15 min., plasma kinin estimated on
guinea-pig ileum.
Abscissa: concentration of kallikrein.
Ordinate: concentration of plasma kinin
in incubation mixture.
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samples, a "blank was also run.

Incubation nil.

The optimum pH of kallikrein v/as not

determined precisely. Plasma kinin formation was

estimated in incubation experiments carried out

at widely different pHs. The greatest formation

of plasma kinin occurred within the pH range 7-9.

Very little formation occurred below pH 6 and none

below pH 5. Throughout the experiments described

below a pH of 7. 3 has been used.

Recovery experiments.

Solutions of standard kallikrein were

assayed, after dialysis for 24 hr. against running

tap water. No detectable loss of activity

occurred (< 10£b). Appreciable dilution occurred

during dialysis and this was allowed for when

calculating the results.

A mixture of kallikrein and acid-treated

dog's plasma was incubated until no further

plasma kinin formation occurred. The concentrat¬

ion of plasma kinin in the mixture was estimated.

The mixture was then extracted with alcohol by the

method described above. Recovery of the activity

in the final extract was 95 ± 10?S.

Parallel/



Thle .I •..» The urinary excretion of kallikrein

estimated by the Inculpation method.

(one subject)
j
Specimen

i

Kallikrein output

No.

I
miHi
units/ml.

mi lli
units/min. units/24 hr. :

1 366 304 438

2 236 203 292

3 426 277 398

*4 303 236 340

5 302 305 440

overnight specimen.
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Parallel assays* •

A 3aniple of 'Padutin', the kallikrein

prepared from hog pancreas, was assayed against

the standard kallikrein "by three different methods.

The results are shown in Table XVIII. The

incubation procedure gave very similar results to

the blood pressure, but the figure for the intest¬

ine was rather low.

Table XVIII. Units padutin equi-active with

1 mg. kallikrein.

Dog B.P. 0.5 ±=0.2

Incubation Method 0.47 ± 0.14

Dog Intestine 0.15 * 0.05

The excretion of kallikrein in human urine.

Urine specimens were collected over a

timed period (up to 12 hr.) and aliquots were

dialysed through cellophane against running tap

water for 24 hr. The kallikrein content of the

dialysed urine was estimated by the incubation

method. The results are shown in Table XIX.

The concentrations of kallikrein are expressed in

terms of the original (undialysed) urine. The

output per min., over the period the urine was

formed, has been calculated, and finally the 24 hr.

output/
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output has "been estimated "based upon the same rate

of excretion.

DISCUSSION

Blood pressure experiments.

Of the five species investigated, the dog

blood pressure preparation was the most satisfact¬

ory, confirming the opinion of previous workers

(Prey et al., 1950). The dose response curve was

fairly steep and the response to a given dose was

reasonably constant.

If assays are performed with dialysed urine

large volumes must be injected. The dog with¬

stands such injections over several hours much

better than the smaller animals, which develop

pulmonary oedema rather quickly. 'Although the

rabbit, guinea-nig and rat respond to smaller

threshold doses than the dog, their sensitivity

on a basis of body weight is loss. Thus they have

to cope with relatively larger injection volumes
y

and this may account for the more rapid onset of

oedema.

Tachyphylaxis tended, to develop in the dog

even when a 15 min. dose interval was used. This

was partly explained by the gradual fall in basal

blood/
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"blood pressure. Xrumm-Heller and Salesse (1956)

used much shorter intervals v/ithout any evidence

of tachyphlaxis, but they were using more highly

purified kaliikrein preparations, and injecting

much smaller volumes.

The pressor response of the fowl was

surprising and contrary to the results of previous

workers (Frey et al., 1950). They found that

mammalian kallikrein had no effect on avian blood

pressure and conversely that ornithokallikrein had

no action on mammalian blood pressure. In this

investigation it was not confirmed that the

pressor response was definitely produced by

kallikrein but it also occurred with different

specimens of dialysed human urine. The variabil¬

ity of the responses made this preparation unsuit¬

able for routine use.

All the blood pressure procedures suffer

from the common defect of lack of specificity.

Dialysed urine may contain pressor or depressor

substances other than kallikrein, and. these may

modify its depressor action.

Isolated tissue experiments.

The slow response of the isolated dog

intestine to kallikrein necessitated a long dose

interval/
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interval (15-20 rnin.). As a method of assay it is

therefore very slow. On the other hand it is more

sensitive than the dog "blood pressure preparation

and a good dose response curve can "be obtained.

Prey and his co-workers assert that isolated gut

is suitable only for qualitative work (Frey et al.

1950), but these experiments have shown that-

quantitative experiments are possible. In contrast,

the isolated dog uterus was unsatisfactory for a

assays owing to its unpredictable response.

Incubation experiments.

It has been shown that kallikrein can be

estimated in terms of plasma kinin formation on

incubation with acid-treated dog's plasma. In

selecting a suitable substrate these were two main

requirements. It should not form kinin spontan¬

eously^ and it should not contain the inactivators

of either kallikrein or kinin.

Human plasma has been recommended as a

substrate because it contains less kininase than

the plasma of other species (Frey et al-, 1950).

However, kinin is formed from human plasma very

rapidly on contact with glass (Armstrong et al.,

1955, 1957). In contrast dog's plasma formed very

little kinin by glass activation, an observation

which/
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which confirms that of previous workers

(Armstrong et al., 1955).

Rallikrein-like substances have "been

estimated "by incubation with dog's pseudoglobulin,

in which kininase and the kallikrein inactivator

were still present (Hilton & Lewis 1955, 1956}

Beraldo et al., 1956). The amount of plasma kinin

in such a system at any given is determined by-

three simultaneous processes (see Fig. 17). Its

formation will be proportional to the concentration

of kallikrein} but its destruction will depend

upon the rate of formation, for the kininase will

only act at its maximum (constant) rate if there

is excess kinin. Finally, the effective concentr¬

ation of kallikrein will decrease throughout the

incubation period, at a rate which will depend,

inter alia, upon its initial concentration. It

seems fairly certain that the three reactions will

proceed at different rates depending upon the

amount of kallikrein added, and it is possible
i ■

that the amount of plasms, kinin formed will not

be directly proportional to the dose of kallikrein.

If the inactivators were removed, this method

would be less open to criticism.

Various ways have been described for

either destroying or blocking the plasma inactivat¬

ors. Werle/
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YVerle (1934, 1937) ahowed that they were inactiv¬

ated "by heating plasma for 3 hr. at 56-58°C.

These findings have "been confirmed. However,
. <

large amounts of kinin were formed during the

process, and the remaining precursor was unstable

on storage.

cysteine hydrochloride will "block certain

kinin-destroying enzymes (v.erle & Grunz, 1939;

van Annan, 1955; Rocha e Silva, 1955). High

concentrations (1 rig./ml. ) are required and these

lower the pll of the incubation mixture so that

neutralisation is necessary. Complete block of

kinlnase is difficult to achieve without inhibit¬

ing the kallikrein to some extent. This method

also has the disadvantage that the action of the

kallikrein inactivator of plasma is not antagonis¬

ed.

Acid denaturation of plasma proteins has

been used previously by workers in this field to

obtain purer substrates, but the <£©straction of

kininase does not seem to have been observed. It

has been shown that dog's serum incubated at pll 3.9

and 37°C for 30 rain, and then neutralised, is still

capable of forming bradykinin on incubation with

trypsin (van Arman, 1955). Prom the tracings in

van Arman's paper it would appear that the kininase

was/
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wes not inactivated, since the kinin concentration

foil.off with continued incubation, even in the

presence of cysteine.

When such acid-treated dog's serum was
••

incubated with kallikrein, kallidin was not formed

(van Annan, 1955), and it was concluded that

kallidinogen differed from bradykininogen in its

stability to acid. Inactivation of kallidinogen

was never observed in the present investigation

even plasma was incubated at pll 2 for 30 min.

-umberg c Rocha e Silva (1957) denatured

bovine plasma by heating it at 30-90°0 v/ith an

equal volume of 0.2% acetic acid. The bradykinin¬

ogen survived this treatment and kinin was not

formed during it. On incubation with trypsin,

bradykinin was formed but its destruction was

slower than v/ith untreated plasma. The kininase

inactivation was attributed to the heat treatment.

Werle (1934) showed that the inactivation

of kallikrein by plasma could be reversed by brief

acidification of the kallikrein inactivatorj this

observation was not followed up.

Acid treatment of dog's plasma is an

effective and simple way of inactivating both

kininase and the kallikrein inactivator, without

the formation of kinin or the denaturetion of the

precursor/
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precursor. It has advantages over heat treatment

and cysteine antagonism as a means of producing a

substrate free of the inactivators. Using thi3

substrate in incubation experiments, the plasma

kinin formation in 15 min. was found to be direct¬

ly proportional to the kallikrein concentration

over a do3e range of 2.5-40 miHiunits/ml. plasma.

Under these conditions 3ma11 amounts of

kinin were formed in the controls containing no

kallikrein. This spontaneous formation is very

small compared to the kinin formed from

glass-activated human plasma. It is probably due

to activation of an ensyme in the acid-treated

plasma. Plasminogen and plaamin are fairly

acid-stable and would probably survive the treat¬

ment. If plasmin were present or were released by

glass activation, it might form plasma kinin by

its proteolytic action, but it would probably be

antagonised by the antiplasrain (Lewis, 1958).

Untreated dog's plasma incubated under

similar conditions did not form kinin in detect¬

able amounts. This difference may be accounted

for by kininase, which would inactivate the slowly

formed kinin before sufficient had accumulated to

be detected. When the kininase is inactive, as in

the acid-treated dog's plasma, the kinin concentr¬

ation steadily increases and can then be detected.

Xnl 1Ik^ein/
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Ka11Herein is present in the "blood in an

inactive form. Under the acid conditions used in

the preparation of the substrate, it is likely to

"be at first activated and then destroyed, since it

is acid-labile (Werle, 1934). It is possible,

however, the plasma kinin formation in the blanks

is due to residual endogenous kallikrein which has

not ibeen inactivated bjr the acid. Prom extrapol¬

ation on the standard curve it can be calculated

to be equivalent to approximately 1 milliunit/ml.

dog's plasma. The kallikrein concentration of

dog's blood has been estimated to be 100 mllliunit/

ml. (Frey et al., 1950).

This spontaneous kinin formation limits

the sensitivity of the incubation method. If doses

of kallikrein less than 1 milliunit are used, the

kinin formation is not appreciably greater than

that in the blank controls. Nevertheless, it is a

very sensitive method.

It has several advantages over similar

methods in which untreated pseudoglobulin was used

as the substrate (Hilton & Lewis, 1955, 1956;

Beraldo et al., 1956). Because the inactivators

are destroyed, the incubation period need not be

restricted to 1 nin. when the peak of plasma kinin

concentration occurs with pseudoglobulin, but can

be/
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be prolonged to 15 min. This can "be measured with

greater accuracy than 1 min., when the timing

errors introduced "by slight variations in tech¬

nique (pipetting etc.) must "be relatively large.

Since the rea;fcion is stopped abruptly in the new

metnod, several doses of the same incubated mixture

arc available for assay, and a more elaborate

comparison can be made. Finally, in the method

described here, the unknowns are assayed in terms

of a standard extract of kallikrein. The results

can thus be compared with figures obtained by

other workers using different methods. This is

not possible if the estimations are reported in

terms of plasma kinin formation, since this will

vary with each batch of plasma.

Comparison of different methods.

The incubation procedure is the most

sensitive of the methods described. It is at least

a 100 times more sensitive than the dog blood

pressure preparation and 20 times more sensitive

than the best rabbit blood pressure preparation.

The isolated dog intestine is 50 times less

sensitive.

As mentioned above all the blood pressure

preparations except that of the dog are too

unreliable for routine use. The isolated dog ileum

is/
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is satisfactory, "but tachypiiylaxis develops with

"both preparations. The incubation method does not

have tliis disadvantage and also it is much quicker.

The incubation method is at least as

specific as any other preparation described} and

if kaliikrein is the only plasma kinin-forming

substance in urine, then its specificity is

Probably much greater. Some doubt has been raised

about specificity, because urine also contains

urokinase, an activator of plasminogen (Astrup &

Sterndorff, 1952} Ploug & Kjelgaard, 1957). The

plasmin liberated by this activation process forms

kinin on incubation with dog's pseudoglobulin but

not on incubation with whole plasma which contains

excess antlplasmin (Lewis, 1958). Since whole

plasma and not pseudoglobulin has been used in the

method described here, there is probably no

interference from urokinase.

From the results of the parallel assays it

was concluded that the active principles in human

urine and hog pancreas which depress the blood

pressure are the same as those which form plasma

kinin on incubation. The results on the dog

intestine were not in complete agreement. It is

possible that the pancreatic kallikrein contained

some impurity which stimulates the d.og's ileum but

lacks the other properties of kallikrein.

The iirlng'^y excretion/
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The urinary excretion of kallikrein.

The results are few end refer to only one

subject, hut they suggest that the 24 hr. excret¬

ion te (300-450 units) is fairly constant. The

figures fell within the normal range (53-553)

found oy previous workers using the dog "blood

pressure (Kraut et al.» 1934).
. ¥

¥
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SUMMARY.

1. Urinary kinin (substance Z) was extracted

from human urine "by adsorption on IRG50 and

elution with alkali. The pooled eluate samples

were purified further "by a modification of the

butsnol extraction method described "by Gomes

(1955), the active principle "being recovered from

the organic phase "by evaporation instead of ether

precipitation. This combined procedure yielded

stable extracts containing over 30^ of the

original oxytocic activity.

2. The results from chromatography of urinary

kinin extracts on paper pulp columns did not

support the contention that there is more than one

oxytocic substance in human urine (Walaszek, 1957;

Jensen, 1358). On the other hand these negative

results do not exclude such a possibility.

5. There have been conflicting viev/s about

the relationship of human urinary kinin to the

plasma kinins, kallidin end bradykinin (V.erle &

Erdos, 1354; Gomes, 1955),. All three peptides

and glass-activated kinin were qualitatively

similar when tested on different biological

preparations and they could not be distinguished

by parallel assays. It is concluded that the same

active/
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active principle is probably responsible for the

activity of these four kinins.

4. It has been observed that the isolated rat

duodenum relaxes in the presence of small doses of

kinin. -his tissue and the rat uterus have been

used for the estimation of klnin in human urine.

Such parallel assays showed that crude urine

contains an inhibitory substance which antagonises

the action of kinin on the uterus but potentiates

it on the duodenum. This duodenum-relaxing

substance has not been identified but it is not

adrenaline, noradrenaline, adenosine, adenosine¬

s-monophosphate or nicotine.

Parallel assays on urine, from which the

duodenum-relaxing substance had been removed by

alumina adsorption, showed reasonable agreement

between the two tissues. This method is believed

to be specific for the estimation of kinin because

only oxytocin and vasopressin behave in a qualitat¬

ively similar way on both tissues, and these

substances inhibit the duodenum in high concentrat¬

ions only.

5. Kinin is excreted at a fairly constant

rate in the urine of healthy adults of both sexes.

Conditions in which kinin formation in the body is

known to be increased, such as salivation and

sweating/
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sweating, did not influence the excretion rate.

This may he due to the rapid inactivation of kinin

in the "blood.

6. Several methods for the estimation of

kallikrein have "been investigated. The most

satisfactory was a new method in which kallikrein

is incubated with acid-treated dog's plasma under

standard conditions. The rate of kinin formation

in such a system is directly proportional to the

kallikrein concentration. This method is quicker

and more sensitive than blood pressure preparat¬

ions, and has advantages over similar incubation

procedures in which untreated pseu&oglobulin is

used.

The dog blood pressure has been used

widely for kallikrein estimations (Frey et al.,

1950), and its superiority to blood pressure

preparations of other species has been confirmed.

The use of the isolated dog ileum for quantitative

work lias not been described previously. Provided

that atropinised Tyrode solution i3 used this

preparation is reliable. The method is slow owing

tc the slow contraction and relaxation, but this

difficulty could possibly be overcome by using

several pieces of gut, each in a different bath,

and performing a separate assay on each simultan¬

eously/
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eously.

The urinary excretion rate of kallikrein

in one subject, estimated by the incubation method,

was in agreement with the figures reported by
*

other workers U3ing the dog blood pressure (Kraut

et al., 1934).

00O00
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