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Digtanine Notobolism in Bronchis) Asibua
SUMDIARY

Thias thesis is a study of the metabolism of endogenous
and exogenous histamine in pabients with bronchial asthma
and control subjects. ‘The effect of exogenous histamine
on pulmonarxy ventilotion in these subjects is also

investigated.

A preliminary experiment in Part I confizms observeiions
already published by Dz. R. We Schayer in which the urlinary
metabolites of ¢*4 histemine injected into guinea pigs

are identlified by papex ;:hroma-togmphy and autoradiography.
The principal metabolites aze Cl4 l-methyl, 4~imidazole
acetic acid, €14 l-ribosyl imidazole acetic acid and (4
L-mothyl histamine. The methods wvaed in this prelimiunaxny
experiment wore developed and used to examine the urine
egxbracts of patients admibtted to hospital in gtatue
asthmaticus for the naburally occurring metabolites of
higtamine. The effect of treatment with corticotrophin
gol on the urinaxy mebabolites of histamine is slso weported.

Urine extracts from non allerglc subjects were oxemined

as conbrols.




Potients admitted in stotus asthmatiouns were i‘cund to

x’

have the imidazmole, urccanic acid in i,heir urine extracks
and no ovidenge of histamine or of the primipé,;. mc;t:abol.n.be
of histamine in memn, l-methyl, 4-imidazole a@g‘{;it} &a%rl,

or of the altermative mebobolite l-rvibosyl Miéa?oleki\\ .
acetic aeid. Tn contrast the urine oxtracts oi\cor;;i;mlts
contained no urocanic acid and the histamine metabol \be
L-mothyl, 4~imidazole scebic acid was idez‘lt:iifiga‘\ in ;
gignificant quantity. Within 24 hours of staxbing
corticotrophin treatment in the asthmetic subjecks, the
urocanic scld had diseppeared and l-methyl, 4-imidazole
acetic acid could be idenbified in the urine extracts.
Betamine iteelf was alsvo ldentified in the urine exbracts
of half of the asthmabic subjects studied whilet on

corticotrophin,

The significance of the observations in Part I is
discussed and it iz being suggested that in on atback of
agthma histamine is being retained in the body and not made
aveilable for metabolism. This leads to a feed back vie
l-higtidine and overloading the mebabolic pasthwey f£rom

L-histi ﬁim via urocanic acid to glutamic acid. The



effect of coxbicobrophin gel is to release endogencus
histanine and its metabolibe l-nethyl, 4-imidazole acetic
acid eppeaxws in the urine. Al the same time urocanic

acid disappeaxs from the urine (see atbached figure).

Part IL is a compaxison of the metabollsm of infused

¢l4 nistemive dibydrochloride in ssthmatic subjects

with that in conbrols. ' The levels of nadicactivity

in the upine snd sewum of the two groups are compared

in the 24 hours affer the infusion and thewre is shown

to be no significant difference in the two groups. The
neinary snd sexum mebebolites of ¢4 histamine ave
identified as CM l-methyl, 4-inldnzole acetic acid and
Cl4 d-pibosyl, 4d-imidazole acetic acid and again there is
shown to be no sigmiflicant dilference in the w»ate of
metabolisn or in the metabolic pathway of C14 histamine

in the two groups. During the infusion of 014 histamine
there was diminished pulmonary ventilation in the astbmatic
subjects a8 compared to the conbtrols and this is showm to
be statistically eignificant, This well knovn hyper~
genaitivity of ventilation in asthmatic subjeots to histanine

1ls disecussed in relationship to +this ahudy and te the




necontly proposed hypothesis that histamine supexw
gsensitivity is due to a disturbed function of the alpha
and bets rmeceptors on bronchial smooth muscle. Finally,
proliminery results ave reported to show that alpha
adrenorgic recoptor blocking drugs can alter histamine
supersensibivity end inhibit the f2ll in ventilation in

asthmatic subjects which follows an infusion of histamine.

HISTAMINE METABOLISM
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"If a mom will begin with certainties, he shall end
in doubte; but il he be conbent to hegin with doubis
he shall end in certeinties.

Feancis Bacon (1561 - 1626)
in Advancement of Learning T, 8.
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THITRONUCTLOR

The Histovy of Asthwme and the development

of Alleroy and Anaphylosxig

The ancient literaduwe containg seversl references
to dyspnoea and although at thet time thers was no cleaw
Alstinetion between the varions fLoxme of mesplrobory
dlstress, Arebaeus in the second cenbury A.D. goave a
graphic descripbion of astlmo.

The £iret Renaissonce physiclan to weite sboub gsthae
was Cewolome Goxdano (A.D. 1501-1576). A mathemabician
as well as o physicilan he was called from Itely bto Hdinburgh
to breat Jobn Hamilton, Avchbishop of St. Andrews. For
slx weoks Gordano studied the Archbishop before diapgnosing
Agbhiae  His {xeatment duncluded diet; emervcise and pmrging
t0 decrense the cough producing seorvebion of mweus in the
throat and the substibution of a bed of uwaspun silk fow ong
of feathers. IHappily for Goxdano, John Hamilton recovered,
but only lived long enoush bo be hangoed by the Scobbish
Reformers (Major 19%4).

Duning the seventeenth centuxmy "spasmodic nsthuma” vas
fimlly differentisted fzom other forms of breathlessnoss,

lazgely as a result of the writings of Bapbistl van Helmont



(1607} and #i1lis (L681).  In 1698 Sir John Floyer
published his tresbise on asthmo, he dlsbinguished astlms
from emphysens and oleanly assigned the cause of spasmoedic
astime to "o conbracture of the musgle fibwes of the
brenehi.

Bree (1811) in his book "Disordered Respirstion”
suepestod that hypersensitivity to hair powder could be

n aebiologleal fockow in precipltating an atback of asbhmn.

fiv;

The aoncept of hypevsensliivity as a Loctor in asthun was
put on fimmer elinical ground by the detalled obsevvalblons
of Salter (1859). He recopnised that animel emswntions
might cause eathme and ceve o full descripbion of his own
ealt asbbhuze In addition he was the fireb fo sbress the
hereditary foactor in asthoe witieh he was able to fmace in
more than 40 per conk of his cosbes.

The mogt prominent physiclans of the 19th centuey
realised That broachial muscle spsam did not explain all the
clinfeal and experimental observailons. A favourite view

L

was of some internal bronchial obsbruction which wos probably

cansed by ocdema of the bwonichial mucosa and responsible for
the clinical ploture. Turbhexr progress had o swelt hhe

conoapt of allevgy and anaphyloxig.



Alderey snd Anaphylocis

In 1894 Flexnexn peported that mabbibs would with-
shtend one injection of dog serum bub would suecwab to
a second dose administered at a later date. HEricourt
and Hichet (1898) performed many experiments on induced
hypersensitiveness in animals and showad thabt second
imooulations of small doses of eel serum oy hoxins
exbracted from actinme caused violenh aymptons and deathe
This phenomenon was bemmed auaphylaxis by Porliier and
Richet (1902). This work wss expanded by others including
Smith (1904) end Von Pimguet and Schick (1905).  Tn 1905
the latber group described sexum sickness, the combivation
off gymptoms which frequently occurved in childven five to
ten days after an injection of therapeutic anblserum,.
The sympboms veappearved almost immedisbely and with greatl
repularity afber o gsecond often mirmute injection of sorume

The tewm Allergle was intwzoduced by Von Pirquet in

and ot fizet &6 simply implied an altered capacity Lo

[N

190
cencts  The Bnglish word Allersy was adapted fzom the

Germane  Today, however, allevgy is uwsuwally delined as a



Do
spocifically induced slbeved veachivity in vhioh theve ig
evidence of an waderlying immwological mechanism. The
voxd hypersensiliivity is Irequently used synommously
with allervgy often when ue immunclogical basls has been
identified,

Angphylexis is a speclflc evomple of the hypevsengitive
ghtate and occuws in certaln saimel species First exposure
to bhe antigen has Little apparent effect, bvub on ree
exposure to the anbigen the animal has sn immedinte reachtion
which is chavacteristic for the parbticular species. The
animal which is moest exquisitely sensitive to anaphylaxis
is the guines plg. Almost a mivmbe afbew an latravenous
injection of the annligen in o previously sensitised gnines
v there &g o marked wrestlessness and bristling of hair on
the neck and heads This da folloved by wubbing of the nose
and often loud sneewing, the animal may Jump and there ig
2 slowing of the wrespinabory rate assoclated with violent
respiratory efforbs. In a fow nimiten regspiration ceases
but the heart contimves to beat for several minutes longer.
The pathology of the shocked guineo plg wos described by
Aner and Dewis (1910) the most lmporvtaont finding being

acube hypexinflation of lungs ox "enmphysema” due to intense
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conatriction of the bronchi and bronchioles causing
death fxom asphyxis.

In anaphylaxis four distinet pharmacologically
active subsbances have been ldentified in the tlssues
ag a result of the antigen - subibody weaction. These
are histamine, slow mencbing substances (8 B & - A),
Behydvoxytyypbamine and the polypentide bradykinin.

The mechanism by which these agents ave veleased has
yet to be fully worled out even in the nuch studied guines
plg but Lt is lkoowsn thalt antibody must firet becone
abgorbed on to the tiseues. This absorption is a property
of the T 8 globulins which include the gpecific antibody.
The sequence of evenls assoclabed with the intexaction of
anbigen and anbibody appears to be in two sbages and
ragquires both celeium and an engyme not unlike chywnobrypsine

The fundomeutsl mechanlum of anaphylaxis would appear
to be the mame in diffevent species although the symploms
and theiy severity very markedly from one kind of animel
to another. The main veason fox this is that the phamme
scologically active substances liberated differ in nature
and quantity in differvent animpls and the species susceph-

ibility to each of these substonces shows considerable



e

variation. Bats, for ezemple, csn toleralte vast quantities
of histemine and ave highly resigtant Yo snaphylaxis. In
the rabbit, on the obhewr hand, deabh from snephylexis is
conged by inbense congtmiction of the pulmonary arbtery and
embayrasonent of the pulmonaxy ciroulation due o aggreg-
whion of platelets in their lungs and the libexgiion of
Sehydronyvirypbanine Lrom these platelebs. Jongiderable
amountts of histanine are liberxoted but the wabbit is

£

aulte vesisbant o thig,



Anaphylaxis in Man and 1is velationshin to Askhmg

Acute systemle anaphylexis ln man la ferbonately
vara but 1t does occaslomnlly follow parvenberal admine
istration of even small amounts of anbigen in sensitised
subjects, fow example penicillin. The symptoms and signs
comuonly begin with itching of the scalp and tongue,
flushing of the skin and urbicaris appesns. In addition
there is difficulty in breathing due bo bronghial spasm.

The firvet defivite suggestion that humsyn hypervsensitive-
ness (hay fover) was relabed to ansphylaxis as seen iun
animals wos made by Wolff-kisver (1906). Melbzer (1910,
a & b), influenced by the work of Auer and Lewis in his
Iaboratory, independently suggested that asthms was s
phenomenon of logal anaphylaxig Iin mane

The moet familiar form of local ansphylaxis is hay
fevar. Sympbtoms are produced vhen the antigen (ususz,lly
prass pollen) comes inbo conbact with the mmeous membrone
of the nose or with the conjunctiva. Another example is
agthma especlally the type in which some causablve faclor,
such as pollen, feathers, animel donder oy bouse dust can

be identified as the precipitating sgent of the bronchial
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obgbtruetion, From the eaxliest writings 1% has been

a mabbter of common observabion that a tendency bo ssthma,

infentile eczems and hay fover muns in familles. Theve

is gsubstential svidence for a heredibaxy basls although

it exnct nathve has not been defined. Tor example

Crawford (1936) meported on allemgle manifestations

in a famlly ot Lesmingbon Spa in five pgovewations and

by 19598 Iw. Barbaze Oxawford bad obzexved uvrbtlcaxds in

the sixbh generablon. Others have reporield on the

heveditazy basis of this type of hypemsensibivity (Cooke

and Vanderveew, 1916, and Cooa, 1927) which does nolb

strictly confomn to Hendallen laws and the best explanation

to date iz thabt pul Lorward by Weiner, Zieve and Fries

(1936) suggesting two allelomorphic penes are vosponsible,

ong being allerglce and givivng rise to three genotypes.
Clinicol hypersensitivity of this type with s hewediloxy

predisposition was texmed Atopy by Coca and Cooke (1923) and

puch hypersensitivity ig nov mown to be associated with the

presense in the blood of apecific antibodies to the inciting

agent. These antibodles hawve special qualities and ave

kuown as stopic ov reaginic antibodies.
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Dafinition of Asthma

Ovex the yesrs, the word "asthma! has soquired a
variety of measndings. Some employ the woid to denche
the physical signs of bronchial obstruction and thus
1t is used synonyeously with byonvhosposm. This leads
to agbhma belig &esmﬁ.hﬁd a8 a fesbure of nany diseases
in vhich ghonehl ave andible including hronchiolibis and
giaphysemas;  indeed some physicilans sbill call acubeo pule
nonary oedemn cavdiac asthos. I am suve 44 ds impontand
$o Limit the uge ol the word gsbhus o o condition which
pay be defined as intemnmiltent or combinuous eplsodes of
dyapnoes du which the obsheaotion to aiy flow s pelncipally
gEpizatory ewl due bo bronghisl and dbronchiolax obsimetion
and ia roversible. ‘Thewe iz frequently = history or a
foanily history of allerglc conditicns such as hay fover ov
atople eczama. The symoboms often date from ohildhosd end
the subjectts bBlood may coutain peaginic sntibodles.
Where the bronchospaan ocours with the development of
chranic bronchitis, the condibion showld be resorded ss
n varient of chwonic byonehitls yather than a tyve of

asthme and 1t is worth quobing Backemann, who, writing in



12w

1947 sbated "When asthma beging aller the age of 40,
1t should be considoved as due Lo factors obther thon

Alevgy watil proved othemviso.”
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Higtomlve and &mmyhmm

Histamine was gyntbesised by Windaus and Vogh in
1907 and ite natuvael ccourvenes in ergol was reported
by Bavgen and Dole (1910) and also by Kuwbecher (1910).
In the same yeay the phoammcologleal actions of histamine
were descwibed by Dale and leddlow (1910). Its fommation
from the amino acld Ll<histidine by decarboxylation ¢
the mesult of the achtion of pubzefoctive bacteris in the
uen inbestine wos repovbed by Ackermaon (1910) and
Mellanby and Twort (1912). Histamine is 4(P anino ethyl)
imidamole (Figuwe 1 A & B).  Its principal pharmscologleal
effects ave on the vasculav syshem, the smooth muscle and
the endoorine glands. Histamine causes dilation of the
copillaries with albteved permeability which leads Lo flnid
logs and oedems. The direct stimulent action on snmooth
magcle is well seen in buonchiolar constriction. This is
independent of inneyvation and not inhibited by atxopine.
In nddition histenine stimulates salivaxy and mucous
secyabion and precipitates & shoarp zime in the gasbwnic
seeretbion of free acid.

In 1910 Dale and loddlsw call Led abbention to the

caneral similarity bebween the sym}_:vi;onm of anaphyloxis and
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the gymptoms produced by histamine injection bub at that
time there was Little furthew evidence to support this.
However the part played by histamive could not be ovexn-
looked when 1t waes realized that animal tissues contained
sufiiclent histomine to provoke gympboms 1f it could be
weleased.  Further, those ovgans which contsined the

lazgost amounts of histamine wewre the ones most indimsbely
involved in the anpphyloxis. o

3ie Henry Dale made his historic indictment of hisbamine

in anaphylazis in 1929 ond since then much evidence has
slowly accummulated to eupport his conclusion. The most
important recont evidence has been based on the obser-
vetions of Riley and West (1953) that the granules in most
cells are the site of most of ‘the higtonine in the hody.

The rolease of histamine frem mast cell gramules following
the antigen=antibody reaction in amphylaxis has been
describaed by several aubhons (Iﬁot.z;, 1957, Austin snd Humphrey,
1961 . Pameus and Chakriasvarty, 1960).

It is now genexelly accepted that the zoelease of

bistomine from moet cell provnles is the source of one of

the more important phamacologleally active sabstances

peleased Ln anaphylaxds.  Acule nrbtlcazis is uswally present
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in anaphylaxis and Adem, Hunber and Kinuneaz (1930)
have demonstyated an incveased onbtpat of fiee hisbanine
in the urine of men during acube urtlcaria.

The intzoduction of the enbihistemine drugs (Halpoin,
1942) and theiw bonefit in hoy fever and urbicania in
man seened to confiym, at leosgd for the clinicion, the
part played by higtomine yelease in thesoe conditions,
In sbeilding contepast was the ineffectivencss of anti-

histemine dzugs in bronchial asthme.  Although this lack

i)

.

of wesponse to antihistanine drugs is unexplained it should
be zenmembered bthat antihistomine dvogs do nob iabhibit the
very poverful effect of ‘his?;amine on gasteic acld secretion.
In these two situstions the woceptor gliesz fox histomine

do not seenm Lo be accesslble to the cnmvently svailable

antibistamine druags.
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Histomine and Asthng,

\s alrveady observed Melibzer (1910) sugsested that
bronehial asthos can be conslderved a form of hypor-
senaitivity in mon snd a monifestotion of loeallsed
anaphylaxia. In angphylazis histomine is vapidly
veleaged and produces phaymacological effects. This
sugeested thot the possibility of histanine velense o
abnormal histamine mebabolism should be looked for in
patients with asthma.

The evidence for disturbed histamine metabollism in
bronehisal asthins is smuch less clear than in ansphylaxis
and often indirect in naisurve, In 1935 Barsoum and Gaddum
published & method to estimate histamine in the blood and
using this method or modification of i, several suthors
have reporbed on bleood hisbamine levels duving an abbtack
of asthma. Cexqua (1936) xeporbed on eight patienbs with
bheonchinl asthng who had a definibe increase (18430 mg.
hisbamine per 100 ml. blood) duzing an abtiack of asbhug
but who had nowmal levels (7-10 mg. hiebamine pex 100 ml.)
in guiescent perlods. Similar findings have bheen reporied

by Jacquelin (1937) and Parrot (1938). Rose (1941)
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sbudied the altexations in the blood histamine levels

in patients with bronchial asthma. In 30 cases of

asthme be veporbed wide fluctuations in blood histanine
concenbration. In 9 cases the levels were consistently
above and in 3 consistently below the nowmal vange of

2¢5H to 7.5 mg. histamine per 100 ml. This was in stviking
contrast to the wemaxkably constant levels found in 50
novmal persons observed ovex a peviod of months. These
obsarvations conflimmed the findings previously repovted by
Code and MacDonald {1937). The concentmabion of hisbtamine
in the blood could not be related to the degree of clinleal
sympboms in the asthmatic subjeclts or to the progress of
the disease but it should be vemembered that wespirabony
funetlon tests of ventilation were not being used at thab
time to assess airways obsbyuction., In o further commun-
icotion Rose, Musted and Fownes (1950) measuwed the
concenbration of free higtamine in sysbemic arbewxinl and
pulmonaxy mi;mé. venous blood (pulmonsxy evbexy) during an
induced attack of asthma. They xepoxted thalbt systenic
arterial levels of histanine wewe higher than pulmonazy

mixed venous levels and that both wexe higher thon in



non-asthmetic contuold.

Hehild, Mawkius, Mongar and Herdhelmer (19%1) showed
that human bronchisl mings fzom & oase of grass pollen
asthne constricted when challenged with pollen anbigen
and that histamine was liberated into the orgsn bath.

On %he other bnnd Relsser (1937) aund Hoverth and
Maclonald {1937) were wpnble to debect any slgnificant
change in the concentration of hisbtamine in the blood of
pationts duving on asthostic sbtack. PFavthewr, Nitchell,
Logan, Peters and Hendewson (1954) veing a much improved
bio-agsay method to measmve free hislenine carmwied oul a
careful study of asthmatic children and ghowed that in
the intervels bebween alincks the fnee histamine outpub in
the urive was within the normgl yange, whersas in an aocute
attack of astbhma the concentzabion af‘ free histamine in
the uwwrine tended 0 decrnease.

¥hilet lovenbigating the effecht of inbyavenous histemine
in man, Weins, Robb sxd #11is (1932) vepombod tha.t this
pirocedure frequently precipltabed an asbhmatic-like alteck
In patients wilh ssthma. This obsepvation was further
Lavestigated by Cuxzy (1946) who confirmed that histamioe

divhosphate (0.2 megm. histowmine base L. ow 0,02 nmgme.
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given I.V.) coused a vapid fall in vital capecity within
2-5 mimtes with fall mm%mr by 30 mimwbes. Those
doses of higtamine had little effect on the wital
capacity of 10 nommal subjects or on 10 pationts with
o higbory of severe allewvgle tendencies bul no asthma.
Curzy went on to demongtrate that anbihdatonine
prapovations given I.V. had almost o complete probective
effoot agndnst Doth the systenic and bronchoconstriction
effects of parentexsl histemine although an orally admnine
ioboved anbihistanine vas loss effective in vrotecting
against bronchoconstrictions IEssentislly similar reosultsz
have been veported by Boubuys, Jonsson, Lichitneckert,
Lindell, Immdgren, Lundin end Ringauist (1960) who invest-
ieated the effect of I.V. histamine and ivhalation of
histanine on ;pﬁlmmxy venbilation in man. Inbrovenous
histenine dininished venbilation in ssthmalbic subjeols bub
had no eifect on the ventilation of non asthmatic subjeots.
In contwast inholation of histomlne alfocted ventilation
in ell subjects Hested although o much higher concentration
of histenine inhelation ( = 50) vas veguized with non
asthmatice mubjects to dininish pulmonaxy venbilotion.

e congensus of reported work on histamine in bronchial,
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asthna 1s suggestive that alb least in some cases thene

in a dlsturbance of hisbamine metabellem as companed

o nopmal, bub whet this disturbsuce in remalns obgcure.
The observatlions of Hose and Mitchell are nol necessorily
contradictony if duxing an scnbte atback of asthma histamine
ig rebtodined in the body with o compesponding full in the
wpinaey ovtput of fres histanine, Farther, all workers
are agreed on the hypersensitivibty of the asthuwmtic
subjeet to ilnjecled histemine as compazed to the non
sethnatic subject.

Hlstamine is a hishly actlve phermscological sube
storoe and At 1s probable the body has an efficient
engymatic system bto inmsctivabe and wmebobolime i, the
fres histamine bhelng messtred rvepresenting only a small
feaotion of the total metabolic bumover. In vecentk
yesma Schayer and his sssocistes (1959) have shomn this

to be the case.



Becent develomments in histamine motoboliom

The in vivo pathway of hisbemine cabtabolism has been
distinetly clarifiecd in the past fow yenws and we now how
7 bebbter undersbtanding of the falbe of histamine in mon
and animals.

Schayer and Karjala (1956) have shown that when mimmte
amounts of ¢4 »ing lobelled histomine ave injected luto
gwines plgs, paper chyvonsbograms prepared from the uwine
oxbrocts collacted in the first fow houws after injeclion
of the isobope give three yadiocactive apois. The fival
is 8 conjugate of imidnzmole acetic acid with miboses
leribosyl, 4-imidazole acetic acid (Karjale, Turnquest
and Schayew, 1956), The second is lemethyl, d-imidazole
acetic acid (Karjala and Turnguest, 1955) and the thixd
1g l-mebhyl histamine (l-methyl, 4(B-amino ebthyl)~inidazole)
together with a smoll gquantity of the origlusl gdd histaming
(Rothschild and Schayer, 1958) (Faurc 2).

Schayer and Coopexn (LS),;(S) have reported on the meb-

abolism of minnte amounts of ring labelled G"“ histamine
injeeted intyadermally in mane  Almost 100 pex cent of

the adiminlstered radiocactivity could be recovered in the
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HC; C-CH,;-CH,-NH,
HNI\/ N
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H
Histamine
HC C-CH;CH,~ NH, HC CH - CH,COOH
N @
HC-N HN N
|-Methyl - 4 -imidazole ethylamine Imidazole acetic acid

| |

HC C-CH,COOH HC; C ~CH, COOH
HBC-NON Riboside N\)N

C C
H H
I-Methyl-4-imidazole acetic acid I-Ribosyl -4-imidazole acetic acid
FIGURE 2,

e 2. The mebabolites of exogencus ¢4 wing

labelled histaming. Thove are two pathunys:

1. Ozidation to fomm imidasole acetic acid and its
riboside.

2+ Flng methylation ot the 1 position to foimm

l-methyl hilstemine and l-methyl, d-imidazole

acaetic acid.



vrine In 24 Yo 48 hours. Quantitative asnalysis fowx

¢4 histamine and ibvs metabolitos in the wvine collected
in the six hours afber the injeobion acoounbed fox 81 per
cent of the tobal :}:‘:_m:i.ozzm‘bz‘wﬁ:ﬁy. Only 2-3 per cenlk was
vecoverad as the owiginal M pistamine. The prineipal
metabolite vecovered was lemetbhyl, d-inidazole acetbic acid
which accounted for 4246 per cent of the recovered madio-
activity. Imldasole acetlc acid and the riboside of
imidazmole acetic acld accounbed fox 27«33 per cent aud
Lemethyl histamine for 4.5 per cent of the recovered
radlosctivity. Schayer was unnble Yo account for more
than 84 per cent of his recovered xadiecncltlvity and 1t may
be that Hemethyl and Nedimothyl higtamine recently identified
in lwmon urine (Keapeller-Adler and Tggo, 1957,) accounte
for some of the unidentified metabolites (Flsuve 3).

These observetions have shown thet bthe prinelpel
matabolite of histomine in man is lemethyl, 4-lmnidagole acetic
acide The enzyme vegquived fox methylabtion in the l-position
of the imidasole wing, imidazole Hemethyl transforase has
beon studied by Brown, Tomchick end Axelvod (19%9). This

engyme is wldely distribubed In brain, stomach and lung and
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Flgure 3. The W-methyl and Hedimethyl metabolites of
histemine identified in huwmon nrine by Kapeller~-Adler

and Tggo (1957).
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appears to be speeiflic fox histamine as no obher
imidezole sewved as substmate. From the isotope
studies with oM hisbtamivie, l-methyl, d~inidazole
acetic acld sppears to Le a speclific mebtabolite of
higtemine in man and ¥ it could bhe identified would
provide o useful measurve of histamine catobolism,

In addition observations on it in asthma might lead
to a clearver undevabtanding of the part ployed by

higtamine in an attoak of asthmo.



Y PRESEID  THVRSTTCATION

Tis work is a2 study of the imidazoles present in
the weine of healthy sobjects and of paticuts admibbed
to hospdial in ptatus agthmsticus. In additlon the
affect of corticotrophin on these imidazoles is obgenved
during the tveotment of status asbhmaticus. Thim is
followed by a sbudy of the metabolism of infused old
labelled histanine in potients with bronchial asthmy and
conbtrolg. AL the same time the effect of the Infused
A4 nigtamine on pulmensxry ventilation is noteds DTased
on the results of these experiments and other published
work a hypothesis vegarding the relationghip of histamine
matabolism to bronchial asbhme is suggested.

sonsidervable mambers of 3;&1;:1@1@;&;5 are adnitted Lo
hogpital in this couwbyy with dyspunoes and vheozing. The
need to study o relatlvely homogenous gxoupn of subjects if
consigtent wesults ave %o be oblained is apporent. ALl
the agtbmatic subjects ineluded in the preseut iavestigotlon
fulfilled the eriterion slveady lald down in the definition
of bronchial asthma., In adddtion the patient vsuwally

(1) gave a fonily hisbory of bronchinl asthme (2) had had
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infantile ocsena {which in some casen had pemsisted to
aduld 1ife) and (3) had an eosinophilia of at least
700 oolls/coame. before treatment. Brief clinieal
details of sach patient axe given in the text.

The lavestizations outlined ahove ave presented in

‘o panbo.

1s A prelininazy owperiment to confim the work of
Schayer and his associsles by Injechbion of ring
labelled oL histanine inbo guines pigs and the
preparation of anbormadiograms for the identificetion

of the padicactive motubolitos.

2. The iuvestisation of the imidazole compounds presgent
in the urine oxtracts of pabients admitted in siatus
asthmsbicus and of healthy non asthmatic subjects.

5) The identification of urccanie acid in
the urine of non asthmatle paticnts by
paper chromobography and ultra violet
abgorption speckre. |

b) The effect of corticobrophin on the
urocanic acid exewrebion snd the iden-

tification of other inddopole aclds
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present in the ssthuwbio subject when

on corbicotropnine

The identiflcation of l-nmethyl, 4~
imidazole acebic acid by paper chyois ‘*\
tography and wlbra violel absoupbion. Y

Confimation of the identification of
L-nothyly 4-inidazsole acotic acid by
infre red spechrophobomebyry of its
crystallissd fom snd gas chyomalography
of its mothyl ester. This was peceassaxy
ag nok isotopic l-methyl, 4«~inddazole
acetlic aeid had not proviously been
identified in huuan urive.

Araninntion of the urine exbracts of
pabients odnitted in mislus ssthns-
ticue for evidence of overloading of the
altesnabive paliwey of histanine metb-
abolism o the wiboside of Imidazole
acabio nolds

The idenbdification of histamine in the
urine of some mabionds in etalue agthmaw

ticns whilst on corbicetzophin.
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a) The mebabolism of ¢4 labellea histamine
dihydrochlonide in‘i‘ﬁﬂimx in pabients with
bronchial asthme and control -mxhjecfbs}\

b) he effect of infused 03‘4 labelled hﬁstamim ‘
dihydrochloride on pulmonsry ven’tilm\\on in
petients with biromehial asthus end m;&’ml

subjechs.
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The injecbion of wing labelled oM nistemine into
guinea plgs and the preparation of antompdiograms from
paper chrvomatogrens of the urine exiracts Lxom the

guines pias.

hierials and Hethods

The 0 histemine was obtailned from the Radiochemical
Centre; Amersham, Inglend.  Thoe labelled carbon ig in
the 2 position of the imidazole ving and the specific
activity of tho M nistamine was 3944 pe/mz. (Sec Piguve 1
page 14)

Vioights of guinea plgs.

1-0 360 Ele

Bose of M histamine 50 mms por kilogeam.

The animals were injected suboubonecusly at 10.30 a.m.
and the urine collected for 24 hovrs., The upines fronm
the puines pige weve scidified with 28 HCL and Fhe total

24 hour oubtput ovaporated to dvyness in 250 ml. zowund
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bottomed £lasks. lMethanol (25 ml.) was added to each
£lask and the urine oxtracbed in boiling methanol ;E‘m:

2 houng.  Afber cooling the methanol exbpacht was
filtered and ageln evaporabed So deyness and the residue
dissolved in 1 ml. walier. A one dlmensional papen
chromabogran was man on Vhatman No. 4 paper spobllag

5 ule of the exbtract. The chromabogram was doveloped
with Propacol-ammonin, Bropanol: ﬁ.am/IBI4QII, 3:1 (Produm.)
and afber dvying expoaed to Xeray film for 3 woecks. ‘The
X~y £1ln was then procassed.

Control papers weye run in Propanole-amsonia (3:1)
spotting 5 age imidagole acetlce aeid, 200 ug. l-nethyl,
J-imldomole acetic acid, 10 mz. histamine and 20 ng.
1-methyl histamine.

The Inidezole acetic acid and hisbaminzs were located
with the Pauly reagont (page 52). Yhe l-methyl, 4-imidazole
acebic weld was located with dlsuobtised p-nitroaniline
(page 52) and the l-methyl histamine located with ninhydrin

reagent.

Regulty
The X~way negative prepared from the paper chronpiogram

of each guinea pig veine extyact showed throe distinet peaks
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Pigure 4 and Table I,

ILADLE I

Radi.cactive Rf of Radio Poaks
Faalk Mo« o 1 ® 2
Pealkk I 0.21 0.21
Peale II 0442 044
Peak IIT 0.69 0,69

The Rf of imidszoles run on comnbtrol papers arve shown

in Figure 5 and Table II.

TABLE IT
Rf_uf dontxul Imiaazoles Re
Imidazole acetic acid 0.37
1-methyl, 4e~imidazole acetic acid 0.43
Histanine 0.59
lenethyl histemine 0.69
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#
Origin i
GPg
Fifaue 4. The autoredlogre”ph of guinea pig urine extmot

xun in ApfAm and exposed to X»xsy film for 3 seeks. Three
xadioQotivo peaks oeui be identified. Fron the origin the
first peak is the riboside of imidsaole aoetio aoid, the
second 1-«thyl# 4-i%3idasole aoetio aoid, and the third
1-methyl histamine. The principal metabolite in the

guinea pig is the riboside of imidasole aoetio aoid. The

Rf'a are ahosn in Table I.
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1-Methyl hlst imlne

>jistaminé

1-methylI 4-i:iidaaole
aoetio acid

Origin
GPi

Figiiio 5 A one dimension.l clironatogram of each G?
urine extract with added non isotonic 1-methyl histamine,
liistamine, and 1-methyl, 4-iiaida:5o0le acetic acid and run

in Pr.\m. The Rf*s are as shown in Table II.
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sonclusions

The presence of thrvee radioactive substances in
paper chvomabograms preparved from the unine exbzacts of
guines plgs after the injection of ¢4 histamine have
been described. This obserevation confirms bthe findings
of Kaxjaln, Turnquest and Schayer (1956). The R of
the second peak corresponds to that obbained for non
isotopic L-methyl, d4=imidazole acetlic acid and the RE of
the thind peak corrvesponds to the R obtaluved for L-methyl
higtamive (lemethyl, 4-{(B-amine ebhyl) :i.miﬁaxzole);

Schayer ldentified the fizst peal as lezibosyled-
imldagsole meebic acld and this con be seen to be the
principal metabolite in the guioneca pig (Figuwe 4), and runs
alower than inidazole acebic acid on {the paper chromatogrom.
In man the principal metabolite is the second peak which
hog been identified as l-methyl, 4~imidazole scetic ncid
(Schayer and Kavjale, 1956; Xerw, 1964).

Ag the aim of this work was to identify the metabolites
of histaemine in man and make obsexvabions on its metabollites
in asthmatice subjeclhs and during status asthmaticus no
further work on the wadiocactive metabolites of (4 histomiue

in the guines pig vies carvicd outb.
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Thiz preliminazy experimenl has also shown that the
method of methanol exbracblion of the radioactive inldazoles
followed by ideutificalbion by paper chrombography wos
succaesgiul. It was thevefore anbicipated that develop-
ment of this method with the addibion of colunn chironse
tography using an lon exchangs resin would enable non
isotopiec imidazole mebabolites of histamine to be ident-
Lified in lwman uzine.  Yuavbhey in Part I the metabolism
of ¢ labelled histamine in man s raported using a

method developed Txom the procedure uged in this experiment.



The lwwvestisation of imideawvols compounds in the unine

of potients din status asthmablcus and coutrol. subjects
J X j ) )

Materiols ond Methods

Lfu 1952 Ames and Hitchell described the papew chromo-
tography of some imldazoles using diazotised p-sulphanilic
acid (i.e. Pouly reagenbt, Hunter, 1928) as o locotion
reagent. They pointed oub thal imidazoles substitubed
at the l-position in the wing did not give any ;:*eac%;icm
with digzotised p-sulphanilic acid and that this reagent
vas more sendaibive thon ninhydrin for locating histamine
and l-histidine on paper chromatograms.  Although it was
realised that the principal mebabolites of histuwmine weve
aubstituted in the L-posiltion in the ring all the paper
chromutogroms of vwine extuacts prepaved from asthmatic and
conbzol subjects were stained with the Pauly wengent,

Beviewings the catabolism of physiological quantities
of histamine in vivo, Schayer (19%9) réported that thewe
was xo known isotopic procedure fow the detemmination
of the principal metabolite of histamine in man, l-methyl,
d~inddazole acetic acld. On the other hand, Xarjalsa and

Turnquest (1955) had syothesised l-methyl, 4-imidazole



acetic acid and Cowglll (1955) had used iodine to lovate
imidazoles substibuted in the l-posibion. lore recently

KoeCGreer, lRoberbson and HeGreer (1961) had rneporbed thy
L-pathyl, 4-imldazole ccatic acid could be locabed in
maper chromatbograns with p-nitvoaniline sbain.

A gift of synthetic l-mebhyl-Ad-imidazole acetic acid
hydrochlovide was rvecelved from Dr. Re Wo Schayer of the
Merek Instibute, U.S.A. 204 was veed to run ons dimensional

papery chromatograms in various solvents and test several
locating reagents. AL o later dete l-methyl, 4-~imidazole
acetic acid became availlable comuereislly, but on chyomo-
tography this material was nol puve, there being st least
two contaminants (Fisure 64 ). For the critical experiments
to identify l-methyl, 4-imidazole acebic acid mecovered
from wman ueine the pure matexial supplied by Dv. Schayoew
vag used as a peference compound.  Although not in any
way o specific sbain, p-nltroaniline resgent proved most
sotisfactory to locate l-methyl, 4-inidazmole acetic aclid,
giving o ved spob. At least 20 pge of anrh;rl, d-imldnzole
acobtlc acld was required o give a patisfaocbory apot (Figure

6B ).
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Floam X Go

Ao lemethyl, 4~imidazole acetlc acld from

B.

vazious commercial sources mun inBuP and
located with p-nitroaniline stain. The
l-methyl, 4-imidazole acetic acid is the
fagtest moving mtexial. R = 0.93. -

The moterial supplicd by the lerck Institute

iz the purest.

Vorious concenbyalbions of lemebhyl, 4=
inidozole acetic acld spotied and mn in o
one dimensional chromabogram in i-Pr.Am. -
The chromatogran ig stained with p-ultrow
aniline and 25mg. of l-methyl, 4-imid-
azole acetlc acld gives o sabisfactory

SPO'&. Rf = 0,22,
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Todine in ethyl aleohol {Cowgill, 1955) and iodine
in carbon tetrachloride (Smith, 1960) proved poor locatio
neagenbs and both wewve later found quibte unsatisfactony
when staining chromatograms prepered from urive extracts.
Bromerasol green 0.05: 1n alcohol had also been used ag
a loention reagent for l-mebhyl, d-imidezole acelic acld
(Kaxjnle and Toarnguest, 1955) bubt this too proved quite
uasatisfactory in test chromatogenms.

Tn o seavch for metobolites of ¢4 labelled L-hinbidine
Brown, Silva, MeDonald, Synder and Kels (1960} described
a method for the elution of wrinary imidazoles from a
Lowex T = 8 ilon exchange resin columb. Under the con-
ditlons desceibed lemothyl, 4-imidagole acetic acid should
be eluted early from the colunn followed by imidazcle
acebic aclid, the ziboside of imidazcle acebic acid and
Ioter gtill vrocanic acld. The bosic inldazmolegy -
1-histidine, histamine and methyl histamine -« weve in
the wash from this column. This formed the basis of the
method used hexe bto prepare the urine exbracts Lrom

asthmatic subjects Lor paper chyomatography. ¥ox the



identification of histamine, location by the FPauly stein
on papen chromabogrems mun in several dlffevent solvent

systems was considewed sulficient. Vhere new compounds
wore lLocabted by paper chyxomabogrophy additional chomical

piocedures for ildenbilication have been employed.
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Clinicsl Motexial

The patients with asthma ased in this study w‘e;"e.
aduitted to hosplbtal acutely 1ll in status ssthmatbicus.
These pationts fulfilled the definition of agthma given
in the intzoduction. Hach had a history of breathlesg-
ness doting from childhood and most had had atopic eczema
and a fanily histoxy of allergic disenve. ALL had
positive skin besbs bto ivhalanbs euch ag house dust, gross
pollens ox nmoulds indicating the presence of reaginic
antibodies and an eosinophilla of at least 700 cells/c.mm.
Sl 1);3,tie11"i;s and an equal number of conbtyol subjects were
uged for each phase of the investigations.

Douring the Fivst 24 hours in hospital duug therapy wos
kept to o misfoun bub veually lunciunded o sedative such as
soluble sodiuvm phencbarbitons (ew. 3 1.0 ) and simple anbi~
sposnodics such as ephedrine and adrewsline. A 24 houn
collection of uriva wos made and followlng this ench notient
reeeived corblcobrophin 80 unlbte I.H. in the nexd 24 hours
and & scecond 24 heuy vvine collection was made.  The bvo
urioe aollectiona from ench sublect one befowe and one
after corticotrophin therapy wexe prepared for cheoma-

tography. (Bmief clinlcal debalils of each patient ave
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included in the vﬁppemim, ALe 173;)

The contwol subjects wone healthy young adulis on
a free ciicaﬁ and withoud o history of asthmy or allorgle
diseage. A 24 hour eolleckion of urine wag made from
each and they wove not given corticolzophin. In addition
a 24 hour nxine collection was mode from ftwo patients

with eoslinophilia but ne history of hronchial asthma.
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Proporobion of Coliwmm

Approzimately %0 g. of Dowex 1"}1‘. g jon exchange
resin (100-200 nesh) wes washed with distilled water and
then mixed in o heaker with glacial acetle acid to fomm o
slurny which was left overnighi.  Enough of the slure
was poured into a burelbte to give o 40 x 1 om. colum.

The column was washed with 105 acetic veid followed by

20 ml. of a 507 polubion of satumated sodiuvm acebabe and
followed by further washings with 107 acetic acid $ill the
wash from the column was free fvom chlorvide. Flually the
column was cluted with disbilled waber $ill the wesh from

the colunn had o pH of 5 (Figure 7).
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Fi*uiro 7. In the loft hand column the ion exchange resin
is bein;; prepared. The column on the rig”t contains the
Dowex 1 x 8 resin in the acetate form and is prepared for

the radient elution.
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Preparation of Unine

The urine collection from ench subject was stored
at ~20°C unbil requived. Aftex £iltwation 1/3 total
volune wag evaporated to dryness in vacuo ab 4500¢ The
regidue was extracted in 100 ml, bolling methanol Lor 3
hours uaing a sovhlelt apperatus asgain evaporated to dny-
ness and the residue dlssolved in 10 ml. wabter (Pilguve 8).
This 10 nl. extroct at pH 5 was added to the 40 = 1 on.
Dowex I 2 0 acebote column, The column was washed with
40 ml, dlatilled water and o grodient elvbtion of the
goluml vag then carried oub. The firsh elubion wog with
075 W acetic acid drlpping into o 100 ml. water resexvoir
aud was collected in 5 aliguobts; 1-% ml.s 06-10 mlag
11=15 mlez  L6«B0 ml. and 51100 nl. (FPigure 7). iach
sligquot was evapovaled to dvyness. The flrst three aliquots
ware btaken up iun 1L ml. waben and the last fwo in 2 ml. waber.
The secoend elubion wan with 2N acebic acid drlpping into
a 100 ml. voservoir of watbor and was collecked as one sliguot.
Affter a preliminary ether extyachion ench aligquot was

evaporated to dvyness and taken up in 2 ml. watexr. The
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final slution was with 25 ml. of 6 N acetic acid the eluant
heing evaporated to dryness and finally dissolved in 2 r}_!..
water, The initial water wosh from the column was
evaporated to dryness and taken up in 4 ml. water. The
eluvants and wash weve uged 40 spot paper chromatograms

and wore sbored at -20°C until vequived. In some coxly
investigations the aliguots wewe pooled for paper chromo-

tography.

Pavon Chromatbography

Ascendling chromntograms wexe zun on Yhatwan No. 4 paper in

four solventsi=

1. Butenol/scetic acid glacial/vater in the wmatlo 12:3:5

(Buh)

2. Butanol/Pyridine/weter in the vabio L:l:l (Bul)

3. iso-propanol/ammonia 880/ water in the xotio 20:1:2
(i=Pr,Am.)

4o Propanol -~0.2/MH 0N in the watio 3:1 (Pr.Am.)

5. dso~propanol/Pyridine/water in the zetio 3:2:1 (Pr.py.)

Paper Chromobosrams of Wluanbs from Column

Poper chromabograms weve prepared spobting 40 ml. of
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FiiWre 8. The rot?ir*/ evaporator and soxhlet apparatus
used in tho preparation of the urine extracts for tho

ion exdian“o column¥*
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ench 1 or 2 nl, £fiml i):ecap&rm;iﬁion from the eluant of the
colvmn and the solvent flow was cayaled out overnight

with solvents 1, 3, 4 and 5, a six hcmr aolvent run being
sufficient with solvent 2. Coubyvol papers were Tun
apotbiog eilther 5 uge uvocanic acld in 20 nl. ox 200 g,

in 20 pl. of l-methyl, 4-imidazolo acetle acid. In addition
papers were piepared gpotting 20.ml. of the uvnkaown urine
extract togethexr with either 5ul. uvocanic acid ox 10ml.

le-nmethyl, 4-imidazole acolic acid applied as one spob.

Poper Chromabozrvams of Wash from Column

Using the 4 ml. £final preparotion from the wash of
each column paper chromabogrems werve prepared spotting 40 ml.
The solvent flow was coryied out overnight wilth solvents
L and 33 agedn a six hour solvent flow being sulficlent
with solvent 2. Conbrol papers were prepared spobiing
5 L. (5 ng.) of l-histidine or histamine as required.
Conbrol papers were also xun gpolling H.ul. histomine and

20 ml. wash applied as one spotb.

Locatlon Reasenls

The paper chromabograng were dried and staixned eithew
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by dipping in dlasobised sulphanilic acid siain (Smith,
19607 ox for the locakion of lemethyl, 4-imidazmole acolic
acid dipped in p-nitmooniline stain (Modifiontion of Smith,

1960},

Sulphonilic Acid (Pauly) Heacend

A Sulphanilic acid, 9 . in 90 ml, concenbroted HOL made

up to 200 ml,s with waber
B Sedium nltrate, 5 por cend w/v in weter
¢ Sodium carbonate anhylrous, 10% in water

hen regquired equal volumes {}fl gtack solutions of

roagents A and B are mixed and cooled 4 or % mimtes on ice.
Two volumes of solution C is added cami!’ully as the mixbuve
effervesces vigovously. The dried chromstogvom is then
dipped papidly throuvgh the solublon and laid £lal on o clean

white papene

Hitwogniline Heosend

A pendtroaniline 0.3 in 8F w/v HOL 50 ml.
B Sodium nitmate 5% in watem 3 ml.
¢ Sodium carbomate anbydwous 104 w/v ia water 50 1l

vhen requived solubtions A and B ave freshly prepared

each Yime, cooled on ice and mized. Solution ¢ is added
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slowly. The duied paper cheomatogran is then dipped
rapidiy through the soluitlon and laid fiah on a clean

white paper.
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Tdentification by Ullra Violeb Absorphion Specire

1. Uroganic Acid

Caleulstion of the amount of urccanic acld vegquired
to give o satisfachony optical density.

This is bosed on the Beew-lombext low of light absonp=-
tion vhich can be expressed as

Optical density = { cle
theve E is the absoxption coefficient; c¢ is the concentration
and 1 is the path length. VWhen ¢ is expressed in gran moles
per litre and 1 in cm. then E becomes the molan extinction
coefficient. OD = opbical density and ¥ = molecular welght.
W 0D
Therafore { - csmesm i
¢ in mg/ml x cell path.

The molecular welght of uxocanic acid is 174 and ab pH 4
the absorption maximum is 277 wug an&i = 18,800 (Organic
Flectronic Spectral Dota Vol T and IT) therefore for a 1 om.
light path and sasumed 0D = 0,6 at 277 mu.

174 x 0.6
£ = 18,800 5 e

ool
104
o S i m\(j/ﬂﬂ"
18,800

= ca 6 pg./ul,



To allow for loss in chromabography and dilution
after vecovery 60 mg. urvocanic acid wag applied to the
control paper chromabograms,

Two dimensional paper chromslbograns were run in
duplicate spobting 80 ul. of urine exbrach and two similaw
papers were spobbted with 60 ng. ﬁroeamic acid. One uwvine
extract and one urocanic acid paper was stalned (Panly
reagent) and used to locoke the unknown and urvocanic acid
vespectively in the unstained papers. These avenn were
maxlked, cut out and eluled overnighl with 90% Bbhanol.

The Ethanol wos eveaporabed Yo duyness and the residue made
up to 5 ml. with water., The ulira violet absorption spectra
of the dissolwved wmaterial from both popers was measured in

& Unicam 8P 500 spectrophobtomeben.
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Tdentification by Ultra Violet Lpectis

2. lemobhyl, d~imidazole acebic acid

Galenlation of the smount of l-methyl, 4-imidazole
acetic acld requived to give a satlsfoctory opbical
density. The molecular cosfficlent for l-methyl, 4~
imidazole acetic acld was nobt known but was assuned to
be log E = o 3467« Uhe moleculor coefficient for
N methy)l imidazole is meported ag log { = 3,10 din
gthonol absompbtion maxima = 270 pp and for 4-mothyl
imidawole log E = 3.67 in cethonol abgorpbion maximg =
211 mp. (Omganic Electyonle Spectxzal Data Vol. IIX and IV).
The molecular weight of lemethyl, 4-imidazole acetle acid
hydzochloride = 176.5

E = log 3467 = 4677: assuning 0D = 0.60
176.5 = 0.6

£ o a6 o e

cx 1

176o5 x 0.6
4677

ea 22 ug./mlke .

it

c
To allow foxr loss in paper chromabography and dilution

afler recovery 200 ug. of l-methyl, 4-imidezole acetic acild
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vias applied to the conbrol chromatogpeans,

Two aocending chrematograms were run each with three
gpots side by side. Fach gpol in the flvst paper wosg
200 page of lewethyl, 4d-imidezole aceble acid and in the
second papexr each spot waes 40 ul. of the fivel aliquot
of the elvant from the Dowex I x 8 acetate column. This
eluant was from the urine of a control subject containing
the uwnkneown subslance ag showm by paper chromatogranphy.
The papers were wun in BoP overvight and each paper cub
Into 3 stxips with one spob on each. The side stwips
wore steined with p-nltroaniline staln and unsged 40 locote
the unknown and le-mebhyl; 4-imidazole acebic seld wespect-
ively on the nostained strips. These areas were nmavked,
out out and eluted with 909 ethanol tozether with o blank
paper. The volumes wore made up to 29 ml. the pI adjusted
to 5 and the ultze violet absovpbion spectra of the maberial
from both papers recoxziiliad. againgt the blank eluant in a

Uniean 5P 500 specbrophobometer.



Tdentbification of lemelhyl, 4~-inidozole acelbic acid

oxbracted fyom urine by Infra-red spectrophobonebyy

After an overnight fasb, s healthy control subject was
given 60 mgm. histomine diphosphate by intragastric fube
and a vwine collection was made fox 24 houns. Ong half of
thiep 24 hour specimen wag evaporated to dvyness and prepared
ag befoxe for addition to a Dowex I 5 8§ acebate colimm.,
Paper chromalography showed that langs quantities of the
suspected l-methyl, 4-imidazole aceble acid was present in
the firvst two aliguots of the gradient elution wilth 0,75 H
acebio seid. This froction was put in o Orailg tube and on
the addition of acetone, cvystals were formed. The supor-
nabant was vemoved by cenbvifugation and the cyystals re-
crysbanlised from acetons-water. These cryobals were dissolved
in a few dwops of water and a saburated ethanol solution of
ploric acld was added. Yellow fealber like needles were
obtainad, The plevate was veecrysiallised from boiling
wvater and on cooling long needle like crystals were obboined.

Since the urine exbract thus prepazed would not be in
the hydrochloride forxm the synthelic lmm@thyig.4uimidazole

acetic acid hydrochloride wig desalted before prepering the
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picrabe. ADowex LT x 8 aceﬁ&;a column 30 # 0.75 cnme. was
prepaved (see vage 46) and 20 mgn. L-methyl, 4-imidazole acetlc
acid hydrochloride in 2 ml. wabex wos added to the column.
The ccluma was washed with 9 ml. distilled water. A grodient
elution was seb up, 100 ml. 0.7% N acebic acid deipplog
thoough a 200 ml. rescrvoly of distilled watlexr. The fraclions
were collected in 1 ml. aliquots fox 15 nls. and thereaftoer
15+60 and 6l-100 mls. The column was monitorved by papewp
chromgtograns and the bulk of the lemebhyl, 4«imidazole acelic
acld came oub in‘the Lizst 15 ml. This fraobion wos evap-
orated to diyness and dissolved in o small quantity of
ethanol; diethyl ether was added $ill a bturbldity appeaved.
The turbidity was cleared by adding ethancl and cuystalllisation
allowed to take place, This was followed by recryatallisstion
from acebone - wabter and the plorate was fomaed as ahove.

The infra-zed spectra of the unknovmn picyate and the
picmte of lemebthyl, 4-inidazmole acetic acld were oblained
in KCL dises (aboub 0.5 mgm. of picrate cuystals to 25 mgn.
KGL). The spechzs were determined using a PerkineSlmezr

Tufra-red spectrophotometer (Hodel 237).
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Tdentification of imldezole veetlic acld ond l-nibosyl

imidazole aceble acid

Both these compounds ave elubted in the 0.75 N eluvate
fxom the Dowex I x & acebube column. Imidsszole acebtic acid
is enslly located in paper chromatogroms by the Pauly stain
but acid hydvolysis of the eluant is requived Ho split off
the riboside from leribosyl imidasole acebic acld before it
can be located on poper chromabograms with the Pauly stain.

A small quantity of the 0.75 N acebic acid eluant (up
40 0.5 ml.) was sealed in o 2 ml. ampoule with an equal
volume of 2 N HCGL. ‘he ampoules were placed in a sand
bath and autoclaved at 145«-15000 for 5 hours. Papen
chromatbograms were prepaved with 200 xl. gpobs of the
avtoclaved eluvante and contwol papews were xun spobbing
20 4k, of imidazole acetic aclid and also of the eluantg
before hydvolysis. The paper chromatogrsms were run in
I-Pr.fm. sod Bud and shained with the Panly stain. The
wibose was Llocated with ansline phosphate stain (Hough,

Jones and Wodman, 1950).
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Results

ARSIV ey EX R

Inidnzoles in the Wluent from the Dowex I x 8§ Columm

Tdentificetion of Urocanic Acid

Paper chromatograms were prepared from the urine extracts

of six patlents aduibbed in stabus asthwaticus, and weve
sbained by dipping in the Penly stain. The chromptogroms

nrepared from the 0.75 N acebic acld eluant showed a spot
which stained brick »ed with this ‘1009;525,021 roagent (Figuze 9)e
The mascinam recovery vwas In the chromatograms prepared fvom
the fivst half of the elution with 0.75 W acetic acid.

The RE of this spob for pabient J.H. in Dud = 0.60 in
BuP = 0,53 and in i-Pre.dm. = 0,13 and identical Bf's were
obtained fzom vrocasndce acid run on conbiwol papers in the samne
solvents (Pigare 10). 'Table 3 shows the Rf of this spot for
each patlent in the three scolvents together with values fox
urocanic acid rwn in control papers ab the same dime. In
adddtion, whern two dlnmensional chromatogmans were ran with
the voknown subgtance in the vwrivany exbtract and the uvrocsanic
acid 2pplied to the same origin on the papex enly one Pauly

positive spot appeared (Figure 1L).



The ultravicled absoxption of the unknown compound
was ddentlesl with thel of uxocanioc noid, the absovpbion
maxdmun being 263 G{Fig,um 12}

In the iz nopml conbrol subjects ne urocnnlc acid
could be identified in gimilaxly prepared chromabograns
(Figure 13). During the second 24 hours in hospital the
six patienbs in status asthmabtions received 80 unils of
corbicotrophin ard a Iurther 24 houw nrine collection was
made. Paper chromalograms weve prepared from the extracts
of these uxine collections and no urocanle neid was
fdentified (Figure 14), (Keme, 1963).

Paper chrommbogranse showing the presence of uvocanic
acid In the six asthmatic subjeots are in the appendix
yag@ 149 to 156, (Figuves 32-37).

Baged on the Deew-lambort cquabtion the 24 hour output
of urocanic acld in the uvzine of subjeet 1 (J.1.) wae
calonlated to be 1.0L mgm. urocanio acid in 24 houws (see

appondix poge 170).
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Fi*jure”. A two dlzaenaiozial paper ohromatogram run
in Bu.\ and Bu.P to aliow the brick red spot located
by the Pauly stain in the urine extract of subject 1,
(J.H.) admitted in status asthmatious, Tho Hf for

this spot in patient J*N. in Bu.P * 0,53 in Bu.A = 0.60
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Figure 10. A two dimenoional paper ohromatogran run
in Ai,A and Bu.P to show the brick red spot given by
urocanio acid. The Hf of this spot in Bu.A « 0.60, in

Bu.P « 0.53.
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O 1
M U *
VipMX(Q 11. A two dimensional paper ohromatograia run

in Bu.A and Bu«P with the urine extract of subject 1
containing; the unknown substance and urocanic acid ai“plied
to the some origin. The dhromato&ram is stained with the
INuily stain and only one brick red spot appears, i.e.

the unknown substance and urocanic acid run as one spot.
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TAHH 111

The Kf*a of the unknown I“auly positive spot in paper
cliromtograms of the eluants (0#75 acetic acid) prepared
from the urine of six patients in status asthzzkiticus and
compared to the Kf's of urocanic acid run at the same time

in control papers#

Solvent

Subject BuA BuP i-Pr.Am
J.N# 0.60 0.53 0.13
Urocanic acid 0.60 0.53 0.13
I#P. 0.55 0.63 0.13
Urocanic acid 0.55 0.64 0.11
MHGH 0.57 0.54 0.13
Urocanic acid 0.57 0.54 0.13
D#T# 0.65 0.56 0.12
Urocanic acid 0.65 0.56 0.11
E# McP 0.69 0.62 0.13
Urocanic acid 0.69 0.62 0.12
H.T. 0.58 0.55 0.13

Urocanic acid 0.58 0.55 0.12
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Comparison of UV. Spectra* of
Urocanic acid spot and Unknown spot
eluted from paper chromaiograms

08

07
>
>
9 06
w
O o5
< 04 Uro can'ic Acid
U
o 03 - = Unknown
0

02

Ol

200 220 240 260 280 300 320

WAVELENGTH
Wavelength (nja)
Flrnire 12. Conparisou of the ultra violet speotra of

urocjuiic acid and the unknown spot eluted from paper
chrooiitogxams* The absorption maxima of the urocanic

acid and unknown were identical at 263
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Fifaire 13. A two dlui&imLoxix] paper diromatograa run
in IXi.A and Du.P. The urino extract fron a control
subject was applied at the origin and after dovelopnent
the ohrowatojram was stained with the i“auly stain.

There is no evidence of urocanic acid.
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Figure 14. A two dimensional paper ohronatograa run
in BOA and BuP to show the abeenoa of urooanio add in
the urino extraot prepared after the patient (subject 3)
had received 80 units of oorticotreqphin»

The paper chromatogram showing the presence of
urocanic add in this asthmatic patient before oortico-

trophin therapy is shown in Figure 34# psdP 152#



Jdentification of l-mebhyl, 4-inidazole

acatic seld

The paper chromatogroms prepared from the fivset 5 ml.
aliquot of eluant (0.7% U acetic acid elubion) of the six
control subjeots and the two patients with eosinophilia but
no histony of asthms, showed o ved gpot when stained with
pendlivoaniline locotion reagent (Figuve 15 and 16). ‘The
#f of this spob for comtwol subject S.V. in Bod = 0,33, in
ol = 0,53 and in l-Pr.dn. = 0.25. ITdentical siaining
and ALts were obbained with l-methyl, 4-inmidazole acetico
acid won in conbrol papors in the some solvents (Piguwe 17).

Table 4 shows the Wft's of bthis spol for eanch control
subject and in the two patients with cosinophilie, bogother
with the Rf's for l-methyl, 4-imidazole acebic nedld ran in
control papers.

In addition when papey chromatograms weve yun with the
wirnory extvact and l-methyl; 4-imidozole acetic acid applied
as one apob on the poapow, the unknown and l-methyl, 4~imidazole
seetic aold ron os one p-nibrooniline sbaining spot (Figare

40 {3) )»  Only one conbxol subject dld not appear bo have
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TABLE IV
The Rf's of the unknpwn spob locatbted with p~niltro~
aniline stain on the paper chromatograms of the eluants
(075 ¥ acetic acid) prepared from the urine of six control
subjects and compared to the RL's of l-methyl, 4-imidazole

acetio acld ran in conbtrol papens..

-Solvenﬁ
subject BuA Bul d~Pp,Am
MW 31 500 | .4
Standaxd «33 50 25
TeBe «33 o54 27
Sfandafd w32 .53 | «27
SeVe 33 53 "25
Shandard «30 53 25
R, 38 | .53 .27
Standaxd «38 «53 ;27
Delle «35 «50 25 -
Stendard «35 - «50 25
BuKs e oL Try
Standard «33 DT w29
Pabients with Hosinophilin
84T, .33 53 | s
TeLs +34 «50 25

Stendard = l-methyl, 4-imidazole acobic acid.
Tr. = trace
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any of the waknown substance in bhe 24 houw nvine collecbion.
The two Q&tients with eosinophilia (bub ne asthma) appeared
o have at least twice the anfx:yu“!:- of lemethyl, 4e-inidazole
acebio acid as compared to tHe conbrol subjects (Figuze 106).

The ultra violet abgorpbion of the unknown compound
wos identical with that of lemethyl, 4+imidnzole acetic
acld, the phsorption meximum being 211 mm. (Piguze 18),

The infra red spectrophobtomebtry of the picuate of the
unlnown substance in the urine of a control, _auhj@c‘h\ and the
picz:a:;l;e' dexivative of s;yﬂﬁm‘hjib 1&:1@‘!;1@1,; 4dwimidazole aceblc
aclid were sinllsr and ave ghown in Flgure 19,

Gas chromatbography of the authentlc methyl ester of
l-methyl, 4~imidazcle acotute and the methyl esber of the
unknown urinery matevial wes carried oub by Dr. Charles Brooks
of the Chemistyy Dopartment. The xeboution bime of the
authentic F-methyl, imidauole acetate was 7.6 min. and the
rebention time of the urlmown methyl oster von 7.5 nine (Flguve
20).

in the gix patients admibted in slobus asthmabious no
lemethyl, 4d-inidazole acebic acid could be idenbifled in the

flpal 24 hovr uwine collection.  Paper chromzboguams wene



73

iHsethyl, 4-
laldasole
acetio add

1 2 3 4 5 6
Fifcare 15. Two one dimensional paper ohromatograms developed
in i-Pr.Am. and stained with p-nitzoaniline reagent*

1 and 2 are eluante fZora the urine extraota of a control
eubjeot and 1-methyl, 4-iddasole acetio acid is present in
both fractions. Rf)» .24.

3 is a oontrol ohroaatogxam of oynthetio 1-methyl,
4-imid"sole aoetio acid. Rf « .24#

4, 5 and 6 are eluants from the urine extracts of aathmatio
subject 3 before treatment. No 1-methyl, 4-imidaaole acetic

acid oan be identified in these fractions.



74.

<--f [ ]
# o #
. L.f, OM"™ tA"%
V.f.c i %
k@k Witj.
Flfiure 16, A one dimensional ohromatogxan spotted with

the eluants from the urine extracts of control subject
Urquhart (with eosinophilia) run in BuP and located with
p-nitroaniline reagent. Considerable quantities of
1-methyly 4-imidazole acetic aoid are present in the 4

fractions shown. Rf » .53%
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K:T -A

WeAH«As

Flgiiro 17* A two dimensional paper chromatogram run in
Pr.Am# and BuP. 1-methyl, 4-imidazole acetic acid was
spotted at the origin and after development the chromatogram
was stained with p-nitroaniline reagent to locate tlie
1-methyl, 4-imidazole acetic acid. The Rf in BuwV = 0,35

and in Pr.Am. = 0.25.
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OPTICAL DENSITY

—= I-METHYL IMIDAZOLE-4-HAc SPOT
A -~ UNKNOWN SPOT

1 1 1 ]

200 210 220 230 240

WAVELENGTH

Figpmee 16.  Comparison of the ulbtra violet spectya of
Lemethyl, 4~imidazole zcebic seld and the unkunown spob
eluted from paper chromatogram of o non-ssthmatic contwzel
subjects The absorpiion maximum of “E;hé unknown cc—;m_pofin&
ig identical with thet of L-methyl,; 4-imidazole scebic

acld being 211 mpu.
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prepared in an idenbical way from the second 24 hour urine
collection whilat the patient was baving corticobtrophin
theranye In thesge chromatograms l-methyl, 4-imidazole
scelic acld could be idenbified (Meures 21 snd 22). The
paper chromabograma of the 6 asthmatic patlenta before and
aften corbicotrophin are in the Appendix, page 158 to 169,

(FMgure 38 to 43).
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F1**ure 19. The infra-red spectrophotcanetry of the picrate

of the unknown substance in the urine of a control subject

(A) and the picrate derivative of synthetic 1-methyl,

4-imidazole acetic acid (B). Both have identical peaks.
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I'fJL ry W-gV-:

FljiOire 20. Tho g&s chromatograph of authentic N-methyl
imidazole acetate and the K-"aethyl estor of the unknown
urinary material®

The retention time of the authentic If-methyl imidazole
acetate is 7%6 minutes and of the unknown methyl ester

7*S minutes. (Carried out by Dr. Brooks)
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Figuve 21. Asthmatic subject 9. L 5
, ‘\
Twio one dimensional paper chromotogroms off \\\
3 Y

| Y 0oy

this vatient before and after corticobrophin %
therapy. The chromabograms were yun in i~Pr.Am «;‘ )

and. stained with p-nitreaniline reagent. \\\

ond 3 ave cluant frackions of the urine extract /
before treatment and show no evidence of lc-methyll,
4~-imidazole acetic acid. 5, 6 and 7 are eluzmt‘
froctions of the urine exiract aftez.' corticatmpmn\
treatment. In 6 and 7 l-me‘bh;yl ) 4~«1m1da,zole

acatic acid is present. 4 and 8 aip ic‘cmtrol*- spots

with l-methyl, 4-imidazole acetic a.ci,ti, :
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Figure 21.
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\8thm atio subject 9.
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Fit.we 22. Asthmatic subject 1.

A two dimensional paper chrom”togram run in BxA
and BuP spotting the eluant prepared from the second
urine collection after corticotro% jhin. A fter development
the chroméatcgran is stained with p-nitzoaniline reagent to
locate 1-methyl, 4-imidazole acetic aoid which is marked
with a circle. Pre-treatment paper chromatograms of

eluant from urine extract is shown in Figure 30 A.



Tdentitication of inidagole acetic acid

L-ribogyl inmldesole acetlc oeid

The paper chromatogram prepared from the 0.75 T acetic
acid elvants of the Dowex I = 0 before and afber acid hydvow
lygis and stalned with the Pauly stein dld not show the
pregsence of lmidezole acetic acld in any of the asthmatic
vatients. The coubwol subjects were the same with one
exception. This was patient Lyon who was adnitbted to
hogpital with a megnloblastic avsoemis of pregrancy due to
folic acid deflciency. The eluant of tho uwvine somple from
this pvatient afber scid hydwolysis wvevealed o med gpolt with
the Pauly stain. The Rf's of this unknown materdal and the
Bf's of imidazole acetic acid were idewntiecal; in Bud = 0,35
and i-Proim. = 0.20 (Figure 23 end 24 A). Forthew, the
eluanbs of the hydwolysed sample when wrun in Buld and located
with aniline phosphate stain showed evidence of a carbohydrate
gpot with the same BE as avthentic mibose, l.0. BT = 0,37

(Figare 24 B).



Figpue 23 Two one dimensional paper chyomze

tograns mn in BuA and stoined with the sulpha-
nilic acid stain. Chromatograms 2 and 3 show

cluants of subject Iyon before hydrolysis.

There isg no evidence of imidazole acetic acids
Chromatogrems 6 and 7 show eluants of same

subject after hydrolysis. A Pauly poaitive

gpot cormesponding to imidazole acetic acid

ig present. BE = 0.35; 4 and 8 ars conbrol A

spots with authentic imidezole acetic acid. x y-
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Fi/(ure 23.
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Figors 24, Two one dimensional paper chromae

tograms to show the eluants of vwrine exiract from

4
subject Lyon after hydrolysis.  Paper chroma-
bogrom A is ren in i-Pr.in and located with Pauly )

stain, A Pauly posibive gpot due o imidazole

acetlic acid con be identified; REf = 0,20,

Chromatogranm B is mm in Bul and lecated with

aniline phosphate reagent. A spot with the
same staining and Rf as xibose ls identified;
Rf = 00379
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Hibose

Figure 24.
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Imidozolen in the Wash from the

Dowex I x 8 Column

Identification of Histamine

Paper chromatogrems prepared from the wash fnom the
Dowex I % 8 acetate colvmn in the six patlents admitted
in status asthmaticus (firet 24 hour upine collection)
viere elro stained with the Pauly siain and compared to
the coxresponding chreomatograms in the six control subjects.
No differences could be identified. The only Pauly positive
spot being due to l-histidine (B‘igﬁe 25, chromatogram 1 and
3)e

In the asthmatlic subjeots paper chromatograms were
prepared from the wash from the Dowex I x 8 acetate column
of the second 24 houn urine collection made during cortico-
trophin therapy and stained with the Pauly stain. In
three of these patlents a second Pauly spot could be iden-
tified in addition to the one due to l-histidine (Migure 25
and 26).

The Rf of +this apol corresponded to that of histamine
(Table 5)e Furthor when two dimensional chromatograms were

mn with the unknown substance in the column wash and
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higtanine spplied to the seme apot on the paper only one
Pauly positive spob appeared in addition to the spot due
to l-histidine (Figure 27).

TABLE 5
Tho Rf's of the second Panly positive spot in the

wash from the Dowex I x 8 column of three asthmatbic patients

aftor 80 unita of A.CTH. Gel compared to a2 histamine

atandard,
Solvent
Subjeat i-Pr.An BuP
JaN. .38 AT
MeGe +38 48 (+50)
HoT' 37 50
Histamine .38 e50 (+50)

() from a two dimensional paper chromabogrem
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Pirure 25. A one dimensional paper chromatogram
run in BuP and stained with the sulphanilic acid
ptoin. 1 and 3 are the water washes of an
asthmatic (subject 3) and control subject respect-
jively. The one Pauly positive spot in each is
l-histidine. After 80 units of corticotxzophin
the walter washes 2 end 4 of asthmatic subjects

(3 2ud 1) hewe an additional Pauly positive spotb
due to histamine. Hpot 5§ is a contzol with

higbamine and l-methyl histonine.
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lilstanino

1-hiBtidlne
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hlotnnino

I-histidtne

Ptffye 26m \ two diBBnsioaal ohronatoeian run in BuP
oxid fiUA oni Btaixidd with p mulphanilio aoid reugent#
The (diromELtogran ahova the water waah of aubjeot 3
prepared froo the urine oolleotion in the 24 hoars after
60 units of oortiootrophin* Two positive spots axe
proeent to 1-hiatidino and histamine. The Bf*a of

hiatanino axe i-Pr#Am » #38; BuP » #$0#
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histamine
+ unknown

I-bistidine

Origin

Figure 27. A two dimensional ohromatogram run in BuA and
BuP and stained with the sulphanilic acid reagent. The
origin is spotted with the water wash of the seoond 24
hour urine oolleotion £fram subject 3 together with 5>ug« of
histamine. A fter development two Pauly positive spots

are present due to 1-histidine and histamine. The second
Pauly positive spot (see Figure 23) ooinoides with the

added histamine. The Rf's in i-Pr.Am - .37 and BuP = .50.



Mo

Sumnaxy of Besults in Part T

In each of the six patients admitbed in status asthnmse
ticus the fivst 24 hour unine colleckbion har been shovm to
contain the imidazmole, urocanic acid. Histanine and the
higtenine metabolite l-methyl, 4-imidazole acetlc acld
were not ldentified. Duwing the second 24 hours whilst
the pabtlenbs were receiving coxticotrophin the urocecanic
aeid disgppeared fzom the urlne and the histamine metobolite
l-mathyl, 4-inidazole acetic acid wes idenbificd. In
addition histanine was ldenbified by paper chromatography
’:i.:n. 3 of these paticonts.

The urive gpocimens fxom control subjects did nob
contain urocanic acid, and histamine was not identified by
the methods used., The histemine metobolite l-wmethyl,
A-imidazole ascebic acld was identified in all but one of
the contzol subjects. The l-melthyl, 4-imidamcole acetic
acid was recovered from one subject and the identificotion
confimmed by UV speclza, infza xed specbrophotometzy and

gos chromabography.
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Digenssion

In the preliminexy investigation the thuee isotopic
metobolites of G histomine were oleawly identified in
the subopadiopvams preparzed Lyom the urine of the muines
ple after an injection of isobtopic hisbtemine. This
sonfivmed the work of R. W. Schayer and his associabos
(1959).  Injected histemine im caltabolised by two pathe
ways. The £ivst is by nieg mebhylation to fomn l-nethyl
higtomine and l-methyl, J«inidazole ascelic ncid and in
the second the anine group ig oxidised to forn imidazole
acebie acid which s laxgely excreled as a conjugatbe wii;h
ribope (Fipuve 28). Cleavly bhe fivst objochive was to
poe iIf eithen of these two metabolites, l-nsthyl, 4-imid-
naole aceblco acid or the niboside of imidazola acebic scld
could be idenbified in the urine of patients aduibbed in
gbatus asthnabicus.

The findiag of o Pauly posibive subsionce which vas
not exbvacted by ether from the scldified cluanks prepared
feom the weine of patiends admibted in severe stoius
asbthmabicns exoluded a phenolic componnd and sugeested an

imidazole such as imidazole acebic aclde Paper chromaboguaphy
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in vavious solvents using synthetic inidazole -z-weﬁm aeid
ond urocouic acid as control substances soon mled oub the
fomer. Furthexr, the wnknown compound was wecovered from
paper chromsbograns and the UV spechna of the wrecovered
matexial gave the vexy characteristic absorplbion gpachza of
wrocanic avid. Uroeanic acid wes identified in the uwine
of pll six patients adnitted in stsbus asthmations and
wepidly disappeoved fyom the urine when these patients wexre
brepbed with corticobrophin gel (Rerm, 18963).

Although urocanic acid hasg nob previously been reported
in the vrine of patients in glatus asthwatious it hos been
shown %o be aun impovtent catabolile of I-hdstidine in
various spocies (Mehlem and Tabors 19%3) and haos boon
identified as o consbituent of humon svweat (Zenisek and
Keal, 1953). Mowe meceuntly uvocenic seid has been idenbified
in the uwine of paticnls with livew disease (lcIssac and
Page, 196L; Mewrltlt eb al., 1962) and Kwashiorkox (Whitchead
and Arnsbelns 1961). Uvoconie acid is not normally found
in the uvive In any measurable guentiby and none was Ffound
in the control subjects by the mebhod used here. Donnott

and Chenexin (1961) xzeperbed the appearance of urocanic
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ageld in the veine after o 15 ge oval load of L-hisbidine
in nozmal subjects and ia pabients with megaloblagtic
anaemio.

There ave seversl known pathways for man o mebabolise
I-higbidine; 41t may be incorporated ilunto the hody protein
gynthesis, decavhoxylabted and bound as histanine, mebabollsed

vin urocanic aclid bo glutanic acld or exereted in the unive

as l-histidine (FMlguxe 28). ihon 5 vhysiological quantity
of oM ving labelled Il-histidine is given to man, only a
gmall parb of the »adiosctividy is mecovered in the urine,
suggesting thot the bulk is incorporated la the body (Brown
ob al., 1960). When nassive doses of l-histidine (15 g.)
arve given hy moubh o nommel people (Bennett and Chanamning
1961) ox to recovered Kvashiozkor pablonts (Whitehead, 1962)
quantities of uroconio meid (8+10 ngm. /12 hn.) appear in
the uweine.  The amount of uwroesnlc acid identifled in the
urine of subjects iu stabtus esbhmatbicus is small. In
pablent Jo Noy subject 1, not allowing for urocenic acid
Jloet in the Dowex celwmn the 12 houx oub~pul war 1.0L ngn.
(poge 170)s  Rebrospechive dietazy surveys indicate that these

asthmabic subjeots were not consuming o dleb wloh in I-hiatidine
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HISTAMINE METABOLISM

T=OT

H K
PROTEIN SYNTHESIS —— HC == C-C-C-C OOH——H ST DAS E ——HC =— GGGCOOH
183METHY L HISTIDINES / HA\ | HRH i ]
CARNOSINE s ANSERINE

N HNS N
b A
Histidine
N METHYL HISTAMINES \

Urocanic Acid

| | RHF HISTIDINE HHH
/ H'N\C/\' TRANSAMINASE HOOGEG(-COOH
H
ACETYL HISTAMINE HISTAMINE " ﬁn
/ \ HC_—_G(;'%COOH FIGLU
| { H
1 4 METHYL IMIDAZOLE HN. . 2N
HISTAMINE ACETALDEHYDE E'
\ Imidazolepyruvic Acid
A R e TERECOOY e
: H
HE-N\Q N HN, HN\C/N H HCNHH
1 b H OOH
1,4 M Imdazole Imdazole Acetic Acid Imidazolelactic Acid Glutamic  Acic
Acetaldehyde \
H H
HC==CGCOOH HC=—=CCCOOH
H} IH | H
HIEN\Q/N Rlbomde-N\(;/)\l
H H
1,4 Methyl Imidazole Imidazole Acetic Acid
Acetic Acid Riboside
Tipore 20,  The metabolic pathwuay foxn l-histidine axve
chown. Histamine is formed by the decarboxylabion of
I-histidine.

Hote the metabolic pathuay from l-higbidine
to imidazole scebic aeld (viboside) dooe not necossazily

requize the Tormghicn of hishonlne,
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hefore pdmission. One explanation could be that these
asthiatic patients weve subject o o physiologlesl k-hisbidine
overload which could be brought about by o hlock in one of the
vathvays of l-histidine metabolism. This has alrvoady been
observed in patievds with a folic acld deficiency whexe
Formaminoe glutamic aeid and wrocanic acid apopear in tho

urine (Pomnett and Chavering 1961).  One of oux conbpols,

a pabieont with n mogaloblastic anaemin of pregmney, wos
shown o have the piboside of imidazole acelic acid in hewn
urlae (Figore 23).  This is & demonstration of an altemative
pathway fox l«-higtidline metabolism belne overloaded when the
retabolic noute via uvocanic zoid to glutenic acid is blocked
dve to folic acid deficiency (Pigure 28), Similoxly, a
block in the pathway from l-higbidine via histamine bo
T-mathyl, dwimidaaole-ﬁceﬁia acid and the riboside of inid-
azole acetic acld (Floure 28) cowld lead to overlosding of
the albernative metabolic wovnbte via wrocanic acid to glutamic
acld. Iu support of this view is the observalion thab
within 48 hours of corbicotrophin ltherapy in the six asthmatic
patienty, uroesnic acid had disappeaved from the urina.

The higbomins metobolibe l-methyl, 4-inidazole acobic

1
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acid was identified in the urine oxbrect of conbyol subjects.
The identificabtion was confizmed by histamine loading of a
healthy subject so thol large quantities of the metabolite
were present in the vepine. The uvnknown substance was
extracted from the uving in cryetalline form and compaved
t0 synthetic lenethyl, 4-lmidotole ncetie acid using papew
chroenrbography, UV absovptlon spectrs, lnfwn red spechro~
photomebry and gos chromabography to confizm the ldenbification.
With one exception the lL-methyl, x}.minﬁ“clazéle acetic acld was
identified in the urine of all the contyel subjects and vas
also present in considerable quantibles in the uvive of the
two pobients adwitted with eosinephilis but no history of
agthna.  This sugpests that bhese bwo patients weve having
o looreased mabe of histomine metabolism and conbzashs with
the failure bto identify significant gquantities of lL-methyl,
f-~inmidazole acetbic aedld in the uvrine of patlents adwitted
in status ashbhmaticus. |

ng methylabion is reoported to be specific for histamine,
no other imidozole sexving as o subsbrate (Brown, Tomchick
and Axelrod, 1959) and suggosts thal failure bo identify

Lemebhyl, 4d-imidezole acebic acid in the urine of vaticnbs
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in stobus astheetions is Ducther evidence of a disturbance
of histamine mebtabolism lu thiz condlbtion. A deficiency
in the ensyme gystem vequlred for m@th};is.xi;ion should load
to overloadivg of the altermative pathway to inddszole
acehio acld and the xiboside of Imidazole accolic acld.
Or in stobus asthusticus bigbomine may not be mode available
for methylatlon o oxidation., The feilure to identliy
Inidancle acetle acidd In the hydeolysed weines of these
agthmatic subjechs Tovouns the latter pessibility. 'The
Ldeabificabion of bhoth imldazole acetice acid and yibose
1a she hyduolysed urine fvom the pablent admitted with a
pegaloblastic ansonla of pregaancy already descuibod
condluma that the method was satbisfoctory; bub it chould
e be remembezed there aze albernative pathways for the formabtion
of imidazole acebic acid awnd its conjugnbe with vibose which
do not involve histamine. Novewbheless, i1 histowivne is
not being wade svailable fog calabolism In stebus asthma-
tlens both mebabolic pathways should be affected. This
would gopear to be the cose feom the resulits xeported hero,
| as in asthumebic subjechs theve wes no evidence of ovexlosding
the alternative wetabolic pallhway to the xiboside of imidazole

acoblc acld.
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The observation of ilucreased gquantities of histanine
in the upine of pationts in on attack of apthme vhén glven
corticotrophin o corilcosterone therapy has alrveady been
wepoxtod by sovemal suthong weging o sensitive blo-nseay
method to messwre histamine in the ueine (Grob, 1952).

In 1951 Rose et al., reported that some cases of asthmn
treated with corticobyophin showed considerable incvesse
in the uweinexy cabpub of histomine in the 24 honys aften
the onvet of treatment. In two cases the oubput of
histomine was 200 mgm. in 24 houwve. Whils high oubput of
histamine woas not obsexved in eases of rheumatold avtheitis
given the some treshmend with corticotrophin.  Mibohells
Logon and Petews (1954) have also shown that conbisons
cauges a wise in the histanine conceunbration in the urine
of asthmatblie subjecks vhich is greater than that found in
contxol asubjects on coxbisone. These anthors observed
that the amount of histamine weleased wms proporbionsl to
the severiby of the asthmetic abtack. Fore mpecenbly,
Telford and West (1963) have roported thet the nmewer syabhebic
corticosterolds act as powerinl histamine liberadors in
HONEG BHACLOB.

In three of the six asthmatic subjechs studied herve
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hisbomine wos identified in the wrine vwhilet these patients
ware on gorbilcotrophin and l-methyl, 4-inidazole aceble

acid sppeaned in the nrine of all six. I appoavs that

not. only is histemine not being made available :ﬁ-‘&m metabolien
In an atback of astlma buk dlso that it is mmumla,ting' an
the tissues and can be peleosed by corbicobtyrophin,.

4% this point It is welevant bto consider sozﬁa rocont
wozle on the metebolism of amine acids.  Although Garxod
(1923) suggested that inbomm ompors of webabolism would be
sasociated with a specific enwyme deficiency this has nob
always boen proven. | For exemple, in cewvbailit inboxn suwors
of amine aoid metabelism the baslo defeoh oppears to be
in the anino acid ﬁ::mmpcmt gysten. There ip now good
evidence thet the anino apid treansport systems in the
kidnoys and intestine asre similar. In Cysbiouvis there
ig defective tubuler resorption of cystine, arginine,
orvithine and lysive and in the intestine defective absovp-
$lon of lysine and orudthine (Dent and Rowe, 1991 ang
Izrilne; Asptoor and Loughbridge. 1961). A sinilar situation
exiats for the neubral cmino acids in Hartnup dizecase

(Boxon, Dent, Harvis, Hark and Jepson, 1956 nnd Milno,
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Crawford, Iewia and Loughbwidges 1959). If the defect
In agthms was in the brassport of amines, wo would expect
to find a poor obsorpbion of histamine together with an
increasad nrinony exovetion of histewine or its mebebolites
due to o failure of tubulor vesorpbion.

In 1939, Myhiman and Tomenius reported that the |
histemine conbont of the steol of some astlhmatic subjects
(5 out of 9 cxamined) wes many times thet found in normsl
or pabients with uvebicaria or vlceyative colitise On
culbtuve the bacterial flons in the sbools was similar to
that Lrom normal subjects (Myhuoman, 1943). On the other
hond the low oubput of histaomine in the urine during an asthmatic
aktack, (Mitchell, Logan and Petors, 1954) and the failure to
find higtanine metabolites in the weine duxing sn asthoatic
abback does not svpgest o defeel of tubuler resomphion.
One asthmatic subject given 60 mg. oral histanine certainly
did not ghow the messive incrense in l-methyl, 4-imidszole
ecelile acid vhich ocourred with the contvol (Figure 29).
Hevewbtheless it is uwnlikely that there ls an abnormal
histamine Hreusport of this patiern in patients with bronchisl

asbihmg,e
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Fipure 29. Two one dimensional paper chromo-
Sogroms wan in i-Prim and located with p-uitro-
aniline peagent. Both subjects wore glven

60 mg. orelly of histamine diphosphate. The
eluanta of the urine extract prepared from g

12 hour urivng collection ame shown. 'There 1s

a hiph output of l~methyl, 4-~imidazcle agetlc
acid 1, 2 aud 3 in the non ssthmabic control.

Tn asthnatic subject 1 the eluants 5, 6 and 7
contain l-mothyl, 4~imidszole acetie acid bub in
mach lesser gquanbiby than in the coabrol subjeet.
4 and 8 ave coubrol spolbs wilh 20 ag. l-methyl,

4-imidazole acetic acid.
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The £indings reporbed here together with much of
the publicvhed work reviewed supports the hypobthesis that
in mevere asthme inereased quantities of histamine ave
being votained in the hody and nob zﬁ.f.r.de: available fon
motaboliom.  The high blood levels of histamine cccasionally
found in asthmatic subjects have been shown by Rose (1941)
to be errobic and do nob necessnrily conbradicet the above
hypothesis. Furthery, hoth Rose et al. (199%0) end Schild
{Personal Commnication) have been able to cmbimate the
amount of histamine in the lung ¥tissue of s subject with
bronchial asthna and they wveport levels fowr times thet
found in controls.

ioat of the hilsbtamine in the body ig found In the
moast cells and in recent yeswys the biogynthetic pathwaye
for histaning in tissve culbures of tunouw mest cells
has been exbonsively studied by Green and Day (1963).
Doy and Green (1962 » & b) have shown that tissue culbures
of tumour nast cells will concenbrote l-histidine sgainst
o geadient and fouom hicboming. These cells will also
take up exogenous pre-formed histanine. The eandogenous

04 nistomine hos o half 1ife of 27 hours but {the half life
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L4 nistemine was nob meapamable, as aften

of emopenocus ©
an inltial losg of isobtope no furtner loss cccurred
(Green axd Day, 1961; Doy mnd Green, 1962 (c¢) ).

One explanstion of these fiundings is that endogenous
and exogenous histamiue are held in aseparste pools in
those mast cells, the exogenous histanine not being
agsocigbed with an effective mechanienm fox elimiuntion.
then endogenous histoaming levels ave Llow exopenous
histanine is transferved to the endogenons pool awnd can
be eliminated for catabolism (Grecn and Favenc, 1962).

These observatlons suggested thot Lurther informabion
about the metabolism of histamine in the asbhmatle subject
wonld be obtalaed by studying the metabolism of M4 histonine
in agthmatic and uvormal subjects.

Observations on the semm mebabolites of O histaming
vould provide evidence ahout the exogenous pool of bhistamine
and pogsibly indirect evidence ag bo the slate of bhe
endogenous hisbanine pool.

These studies are reporbed in Paxt LT,
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PART  TT

SN o re s

The metabolism of (114' hisbamine in pationts

with asthon and comtnol subjecls

In 1960 Beall snd Van Awsdel reported on the plsosma
and veimry radicactbivity after an inbravenocus injection of
oM nistanine in nowmal individuals and patients with various
digeases including 3 potients with asthim. The astlhmabic
pabients developod mild vheezing bubt were othexwise sympbon
frec. These authors reporied no diifference between the
asthnatic subjeclts and contzols either as vegards the rabe
of decline of plasma radioactivity or in the mate of urinayy
exerebion of radiocectivity. The patievn of urinary mob-
abolites was the same in both gwoups and they cousidened
the major histomine metabolite in man to be imidazmole acelbic
acid and 1tg conjugate with xibose. ‘I.‘hése two substances
accounted fox 77 per cent of the wadioachivity elubed fron
paper chromatograns and lemethyl, 4-~iunildazole acetic acid
only accounted for 20 per cent of the elubable mdioactivity.

Hoze mecantly Heolauder, Lindelldl, #ilgson and Wesbling
(1962) have veporbed on the catebolism of (Y ping labelled

histomine in patlents with asthma and other sllewrgle diseases.
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These workers idenbified the hisbamine metobolites by

o rigowrous puzificetion of the uweinmyy motabolites using

an isotope dilvtion technigie. They reporbed L-mebhyl,
d=imidazole acelbic acid am the priacipal metwholite vhich
accounted for 40~70 pex cent of the recovered radionctivity.
Imidazole acelic acld and its conjugate with zibose accounted
foxr 20-38 por cent of the vecovered radiocactiviby. The
tobal madicactivity recovered in the uvwine in 12 houws
(50-6455) was lower in the ssthmaitic subject as compared

to conbnols (82 per cent xecovexry) both when the asthmotic

patient was acubely 11l with sasthma and when free f2om /
) . ;';(a
symptoms,.  The differvences in the tobal wadiocactivity ;

recovered weve not considexed signiflicant as the Ligures
for the contmol subjects wewe quoted fxom an esylier pube
lication by the some awbhors.

In these two papoxe on the metobolism of ¢+ histamine
there is dissgrecment both ag to the total necovexny of
madioactivity in asthmatic subjechs as compaged fo conbrols
and also in the identification of the pelacipal mdioactive
metabolite int the uvrine afber an injection of L4 nistemine.

Further, no anglysis of the serum mebabolites of ¢4 nistamine
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was carried oub in the Lirst few misutesm just albewr the
.CM histemine was adwdnisbered. Thie would appear to
be the ecritical period as Guryy (1946) veported the
maximun £all in vitel capaciby in asthmatic subjects afbew
intravenous histemine was between five and twenty mimutes.

The present iuvestigation was carried out in view of
the Qiffering resvlbs already weponted following the
injeetion of C ¢4 histemine. In addition by obszerving
the metabolism of ¢4 histamine in the sexum in the few
nimites ofber completion of the infusion it was hoped
vesults would be oblainsd which mighi; help to elucidute
the metabolic basis for the well kuown hypemsensitivilby
of the asthmatic subject Lo histemine. On account of
the possibility of severe rvesplrabory distvess with
higtemine in ssthmatic subjects ¢t nistamine was admine
istered to these patlenta in a period when they were
relotively fxee fnom wheedliigg.

Pormission was obbained fyom the M.R.C. Isotope

Advisory Panel for the use of up o 3 mc. of (“1

* higtonine
in a suitable growp of six adult asthmatic patients and

six non astlmatic subjects.
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Mekordnl ond Methods

Bach asthnabtic pabient was adnitted bto hosplial on
the day puior to the teety and esch patient fulfilled
the definition of asthma glven in the inbzoduction.
Brief clinical details of each patlent asve glven in the
Appendix (page 173). Eaoh pabilont remained on o normal
diet and on the morning of the test 2 uwine samplce was
collected and the bladder empbied. A 10 ml, sample of
venous blood wasg collected and an inbravenous iunfusion
get up with 200 ml. saline containing 3 ac. ring labelled
gid histamine di-hydrochlonide (equivalent o 25 mg, histamive
base) the infusion beinz given over a period of 15«20
mninmbes, Tined from the end of the ilufusion 10 ml. blood
samples were baken from the other arm at 0, 5, 10, 20, 40,
ond 60 ninuten and ab 2, 6, 12, :mé, 24 hours. A1l blood
samples were collected using disposable syringes and mwedles.
The blood wos allowed to clob, contyifuged and the sorum
collected and stozed at =20°C £ill reguived. The dotal
upine voided in the 24 hours after the IV infusion was

collected in aliguots reoresenting O-l hre, 1l=f hve, 6-12 hi,
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and 12-24 hy», and, ofber measuring the volunes, each
collection was shored st -20°C until required.

The vital capacity (VC) and fovced expiratory volume
:i,:a. one senomd (FEVy) were meconded for each subject before
the infusion of CM histomine and again following the

collection of each blood sanple.

Naberial

Histanine (2-zing ¢14) di~hydzochloride

Specific activity J16 mc./mg. MW, = 184

Redicchemical purity 98/ was obhained from

the Radiochemical Cenire, Amerghema.

0.1 me (44 nistemine dishydrochloride was made ap in

100 ml. salive and divided into 20 ampoules each coubtaining
5 nc. 0L histemine. The anpoules wore sterilised by heat
in an autoclave. For use 3 ml. from eunch ampoule ( = 3mc.

oM histanine A1~H0L) was added to 200 ml. sterile nommal
saling and adninisbered by IV infusion.

leasurement of Becovered Redioactiviby in Urine

In prelininsyy exporiments bo establish the metheod it
was eppavent that owe ivbewnal standard M histomine die-
hydrochloxide was being gquenched by saline. o convect

for this and calculate the tobal possible zecovery of
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radionctivity in the ueins 0.1 ml. o foluene was added
1o o duplicete sample in every cpse. In addition, lubermanl
gtandard solubions containing oM Loluene in Brayta liguid
seintillation solubion and (M4 toluene together with 4
histomine in Brayles liguid scintilletion solutions were
prepaved and counted.

The wecovered madicactivity was measured by Liguid
sceinbillation counbing caxpied out in special 15 ni.,
vinlg obbainsd from the Packawd Inshbrument Company. Using
a blavk urine and (14 toluene stondard counting was carried
out at diffevent gain sebbings in all three windows of the
Hodel 3003 Packard TeiCarb Speclrvometer. There was litile
difference in the thiee windows ond the opbimum gain setting
was Lot

The liquid scinbillabion counting was corwied out

using Bray's liquid scintillabion solution (Broy, 1960).

Taphthalons 60 gns.
PPO 4 gms.
POPOP 0.2 gase
Methanol, 100 mls.,.
Bthylens glycol 20 mls,

ade up Ho 1 litre with dioxan

RO = 2y S5-dlphenyloxoezole
POPOP 1, 4-di-2 (B-phenylozazole)

il
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Preparation of uxine msamples for liquid

gseintillation countinge

To count the vadioncbivity in a 24 hour urine colleclion

the following samples were prvepared in 15 ml. vials togebthem

with the necegsary blanks and sbandards and refrigersted

before counting,

Le

4o

Be

Gw

e
9
10.
1l.

12.

Blanl vial

0e5 1wl
0.5 mla
045 mlo
0.5 nle
0.5 ml.
Oeh ml.
0,5 il
0.5 nl.
0.5 ml.
O« ml.
0.1 nle
Ol mla
0ol als
Q.1 ul.

'i)lmzk uvine + 1 drop 4¥ HEL (in duplicabe)

blanic upine + 1 dwop 4N HCYL + 0.4 pl. G Goluene
0-L hv. weine -+ 1 dwop 48 HCL (in duplicate)

0wl hye trdne + 1 drop 43 HGL + 0.1 pl. ¢ toluens
1~6 hu. unine + L drop 4N HCL (iu duplicate)

1-6 he. vpine + 1 dvop AW HGL + 0.0 al. ¢4 toluene
6~12 hae umine + 1 Quop 4N HeL (in duplicaie)

6~12 hp. undne + L dvop 4N HOL + 0.1 ul. (M4 toluone
12-24 he. veine + 1 drop 4N HCL (ia duplicate)

12-24 hes usine + 1 drop 44 HOL + 0.1 pl. 014 foluens
¢l toluene (in dQuplicate)

¢4 polueno + 0.1 pl. CH histomine

¢34 histemine

014 toluene + 0.3 pl. ¢34 histemine
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Bach vial was made wp o 15 nl. with Brayts ligquid
selntillation solubion and placed in g refwigerated
Paclard TeiCarb liquid seintillation apectrometer (Todel
3003) aod pemitbed to adapt to derkuess and cold for
30 mimtes before cownting for 1 mimbe with the anin

setting at 10

Hessnyement of Nadjosetivity in Soxum Sanples

The problewm in couating radicacbive sevuan is to
solubilize the proteins so that a solution in scintillation
£fluid can be oblbalned with the mioimum amount of quenching
of the madioschbivity. The mebthod used heve hasm heen
described by Chen (1956). Seyum is dissolved in hydzozide
of hysiine,’ acidifiod bo overcome phobo luminescence and
onee the serum is completely in solution scintiila*‘sion

£nid is added.

Propavabion of gerim samples fow liqudd

geintillatlion counting

To count the radionctlvilty in the sexrum samples
collected during cach expoviment, the followlng somples wewe

prepared in 1% ml. vials together with the necessaxy blaoxke
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and stondards, and refrigemied before counbing.
b

1. Blank vial

2, 041 ml. (0.1 mo) G4 goluene (in duplicato)

3¢ 0.1 ml. 034 foluene + .1 mi. ¢4 nistanine (in
duplicatbe)

4v 0u4 ml. serom befoxe infusion of (44 histamine (ln
duplicate) |

5e  Oud wmle sevam before dnfusion + 0.1 ml. ¢4 Holuene

Ge Oud ml. sexum afier ivfusion of M nistanine (in

duglicate)

Te O] ml. serum afler lufusion of ¢l4 nistomine 4+ Ol ml. woo o

A4 toluens

Similay vielse were prepauned with 0.4 nl. sexun pamplos
boaken ab 5y 10, 20, 40, 60y 120, 360, 720 mimmbes and 24
hours afber complation of the infusion of (}14 higbaminn.

To oach vial conbsaining Ou4d ml. semum was added 1 mle
hydrozide of hyaming~l0X (obbained from Packerd Tustrumend
Gompany) aad 1 dvop of' AW HCL.  The mizbture was sghaken $411
cleanr when Brayts ;mirrl;ill@:bj;@n solubion was added to give a

Potal volung of 15 ml. in the vinl., The vial wes shoken
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Tor 1 niote and zelfrigerabed in davkness for 30 mimmtes
before counting each sample for 10 nlmtes with the gain
getting ab 10. The stondards and blanke were handled

in the sawe way except hydroxide of hyamine-10X was nol

addad .
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Paper Chywomabogranhy of Semm Samples

The sorum sanples collected at 0, 5, 10 and 20 miwmtes
after the infusion were praepared for chromatography as
follows, A 2 ml, sample of serun in 4 x 0.9 nl. aliquots
was precipitated with 2.5 ml. methanol. After centrifugation
the supematont vas decanbed into a test tube. The
precipitate vas washed with methanol and the supernsbant
added to the test btubes conbaining the first extracts. The
extracts were evaporated to deyness under vacuo aund the
residue dlesolved in 0.5 ml. water. Five 0.05 ml. spols
of the extract were applied Lo Vhatman No. 4 chromabogmaphy
paper vogobher with 0.01 ml. of o non~isotopic standard.

The standands used were histamine dihydrochloride; l-methyl
histomines Jle-methyl, 4~imidazole acebic acid and imidazole
asetble acide The chromabogren was run overnight by

pscending chromabtogrpphy in iso-propancl: ammonis (3:1)

and then bhovoughly dried. The chiomstogran fxom one spot

was cul off and stained with either sulphanilic acid reagent

or diszotised p-nltrosniline weagent to locabe the non lsotopic
standaxds. The remaining fouw chromslogrons wene ysguined

to glve adequate counls. The paper wan divided into 1 om.



howvizonsal stxips exbending fwom the ovigin of the four
spobs o the solvent frowmbt (Misure 304). lach sbmlp

A\
was folded and placed in o counting vial containing Bray's
liguld scintillation mivbure so thatb the orlentation of
all the sbrips was uniforn. The vials were then .
refrigerated untll countod for ten minmwtes. The Lolal
radloactivity on the panew chromabogram was ca,lv}'s'ii}?ated.
The muber of counts on cach 1 ote gtwip was expressed as
a percentage of the tolal radioactivity on the  chromsitogrem
and was plobbed against its RL value (Figure 301). The
percentage radiocactivity on all 1 om. abrips botween the
hase points of each peak were swmmed to glve the madio-

activity due to that peak.

Paper Chromatogzvaohy of Urine Bomnleg

Poper chromabograms wowve prepared fvom the urine
collected in the first hour. A geecond aliquot was refluxed
with 8 ml. methenol and filtered, The filtzote was evaporated
to dryness and re-dissolved in 1 nl. water. Two 0,04 ml. spobs
of this extract were spobted on thabmon Fo. 4 chromatography
paper; Lo one spot were added non isobopic shtondands of

histamine dihydrochlomide and imidazole acetic acid. The



chromabogran was mn as doseribed sbove and after duwying
divided in two. The powxbion conbaining the non isctopic
gtandards was stained with sulphanilic scid weagent.

The remaining poxtion vas divided inbo 1 om. strips and
prepared fov counting as alweady described ond counted fon

ten mimmrbes.



A. This shows a paper chromatogram with five

Be

radiocactive spots applied to the origin (0)
together with non~isotopic standards. - The
chromatogran is run overalght and one spotb
is cut off as shown and stained bo locatbe
the non isobtople gtandands. The sbandards
show from the origin ave l-methyl, 4-inid-
azole acetic acld, histamine, and lemethyl
histamine. The paper with the vemaining
four chromobograns is divided inte 1L oa.
strips extending from the origin to the
solvent front (SI') and the radioachivity

on esch atrip is counted.

This shows the wadiosctivity on each 1 ch.
atrip oxpressed a8 a percentage of the total
radiocactivity and plotted against its Rf
value. Peak 1, 1iboside of imidazole acetic
acid; Peak 2, l-methyl, 4~imidazole acetic
acid; Peak 3, unidentified; Peak 4,

higtamine; Pealk 5, l-methyl histamine.
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Polnonary venbilotion albter dinfusion of g4 hisvamine

The Gozthur vitalograph was used 4o measure bthe vwitel
capacity (VO) and forced exwpirabory volume in one second
(FfV1).  Base line weadings had been obtaiu@dihefeze the
infusion of the imsotope and thewveafier m»eadings were token

followlng the collection of each blood sample.




RESUITS

Vital copacity and forced explratory volume.

The pencontage change in vital capselty and FEVy Drom
the haseline meadings is shown in Toble 8 and Pigure 31.
Doring the Lipst houw of the expoxdment there is o maaked fall
in vital capacity and FEV inla,}.l the asﬁthma*bia subjootny
which is not seon ia the controls. Followiag the infusion of
gl hisbaming, the changes in vibal capscity and PEVy show that
tho asthmabic patients form o dlsbinet populafion from the
pontwol subjects. For 11 degrees of freodom, v ia significant
ab 0,02 level fox VG at 10 nﬁnu:bas anzi t ois fs:;.gi’!ii'iem’l‘t abt tho
0.0L level at 20, 40 and 60 nimbes fov VO and FEV; (see

appeniix page 188).

Regdioscbivity in serum

The wadivscbivity in sevunm is expressed in counts pexn
millilitre per nimte, and bthe xesults are shown in Table T.
There is no shtelistically significant difference in the
cadionctivity present in the sexum of the two groups of
gsubjects ab any peviod duriog the first 24 hours. It
showld be noted thot the decline in radicactivity vans
parallel in bobh groupss with the mean couvnts in the

asthmatic petients slightly lower than those fouud in the
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Controls X X FEV,
30 K= ——~.X VC
' Asthmatics o o FEV,

10 100 1000

Fipure 31.  This shous the percentage change in vital
capaclty and FiVy from baseline readings in astlmetic and
conbxol pubjects following the infusmion of I ame. of cld
histemine (25 mg. highamine dihydrochloride).

The values ave the means from six subjechs in each group.
The difference in the VO and FEV) second is statistically

gignificont, see appendix page 166.




Radioactivity in the serum expressed in counts
pex ml. per ninmabe afler indravenous lufusion
of 3 pe 0 histamine Alhydvochloride. The
values showa are the meave from siz subjechs
in egeh group.

Asthuoatic Contxol.
Patlents subjects
Sognm
Aliguot
Radlo~ q.7 Radio- g1
activity e actiyvity Do
O mins., 121 13 107 13
5 mins. 166 14 108 32
10 ming. 101 13 107 28
20 ning. 160 12 107 25
40 mins, G0 1L 99 25
60 mins.,. 78 11 83 25
2 his. 66 14 75 23
& hrese 35 6 46 23
12 hra, 25 & 29 17
24 hrse L8 5 16 15
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conbrols.

The ediograms prepaved Lrom the sexun exbraets showed
Pive distinelt peaks which were ldenbified as Pealk 1, the
#iboside of imidamole scotic acidy Penk 2, l-methyl,
4=lmidazole scetic acid; DTeak 3, unidentifieds Peak 4,
nistomine; and Peak 5, l-methyl hisbamine (Pigure 30E).
Table 8 showe the amount of vadlioschbivity acccunted for by
each poalt in the serun samplos obtained at O, %, 10 and 20
ningbos after the infweion of 3 ue of 6 nistemine. By
the end of the infucion, the principal metabolile prensent
in the gerum of both groups is l-methyl, 4~imidazole acetic
acld, which sccountis for T4.7 per cent of the vadiocachiviiy
in the asthmetic subjects and 52.8 per cont in the conlrels.
Thig diffovence is not statistically significant, (P>0,05)
apd by % mimuies the awmount of wadioactivity due to l-methyl,
zl;u-i,mi‘(iﬁ¢z’.cii.a agetic pedd was the same in bolh groups., Histamine
asceounted for 6.8 pex cent of the gerum vadioscblvity Ly the
end of ths infusion in the agbhmatic subjects and fon 23.3
pex cent of the radiocactivity in the conmbrols. Again this
diffevence ig not statistically significant and by 5 miwmnbes
the anount of radioachivily due o histanming 1o similar in
both groups (P>0.05). The romaining pesks and the wesidual

vadiocaclivity showed no difference belween the 4wo groups.
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Radioastivity in the vrine

Padiogobivity in the vrdne otivity in the uvine is

expressed ag o percerboge of the total radicactivity
adninlatered and is chovm in Table 9. The tobtal padiow
actilvity adminietered Is recovered ‘in 24 houngs and there
is no significant difference in the smount of vedio-
soblvity recovered in cach gwoup at O to L hour, 2 4o 6
hours, awl 13 to 24 houvs. The urine collected during
the firagh hour gceounts for 32.9 per cent of the »radio=
acbivity in the asthnatic subjects and 25.9 per cent in
the conbtzols; the dlfference is not significent (P > 0.05).
The radiograms prepared from the witine collecled in
the fipst hour showed thyee digtinct peaks, identified as
the niboslde of imidazole acetic acid, l-nethyl, 4«~imidozole
aceble aclid, ond histanine. In addition, s fourth, naiden-
bified pém;: was preseunt in elght patients, Live of them
belng asgthwatlic subjeets. Pable 10 shows the ancunt of
radioackivity sccounted for by cech pesk in the asthmatic
and conhrol subjecisn. Mo significent diffexence was found

hetween the groups (P >0.05).
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TABIE 9

e LA MDA 5

Recovery of Radloactivity in the urine expressed
28 a pevcentage of the tolal wvadioactiviby infused.
The values shown axe the meansg from 8lx subjects
in each group. '

Asthmatic Patlents Couteol Subjects
Tiﬂl*:! » o0 -y -
: Pezcenbage Standard Percentoge Standard

Radiocactivity Devietion Iadioactivity Deviabtion

Owl hrsg. 32,9 T ol 259 309

2e6 hrg. 3843 5ed 4041 Gel
7“12 hrse 1503 32 190§ 4.?
13“24 hag, 13.9 4.3 15.3 2.6

Total 100.4 101.3
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Digcussion

Woiss, Robb and Blungart (1929) were the first to
report on the fall in pulmeonaxy ventiletion in asthmatic
subjects following the infusion of histamine, This
observation was confixmed by the worlk of Curey (1947) and
Bouhwys et als (1960). The £all in VC and FiVy iz again
clearly seen following the infusion of isotopic histomine
(Figuze 31)s The quantity of imotopic histamine admine-
ilstered was equivalent to 25 pge of base and geve rise to a
24«4 pex coent fall in VC and a 29.2 per cent fall in FEVy

In the asthmatic subjects ot 40 mimbes. ‘'This contrests
with the lack of change in VG and FIVy ( + 4% and + 13%
respectively) in the control subjects and is statistically
significant (Appendix, pege 186). Asthmatic subjeots

appear to form a disbinct population with a marked hyper=
sensitbivity to intravenous histemine, the basis of which
romaing unexplained. This seunsitivity shonld not he
confused with the non specific weaction of the bwounchioles

of patients with chronic bronchitis or emphysema to mumerous
substances admindstered by ivhalation. The asthmatic subject

remains hypersensitive to histamine even in quiescent periods



when the patient is free from asthmatic attacks (Bouhuys
et all., 1960), The inbravenous infusion of histamine effects

regpivetion in asthmatic subjects in about two mimibes and

" the effect begine %o weaw off after forty mimbes. Although

venbilabion in norngl subjects can be reduced by histomine it
nzéqui:t:ed at least £fifty times the amount of histamine usually
administersd to asthmatic subjects, and the dose aduinistered
hexe had no measurvable effect on the venbilation of normal
Bubjea'bgo |

In searching for an explanastion of the inereased
sensitivity of these subjects to histamine it is worth
considering the 'possiblca. mechanisms for terminnting the
biological active life of injected or released histamine.

1. HNetabolisom of histamine by methylation ox
oxidation.

2, Imctivation by storage, for example in mast
celln,

3o A corrier mechanism whereby histanine is
imotivated by being bound to protein
(histaminopexy).

4« A binding process at the recepbtor sites.

1. The vesults reported here together with those of Helander
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and co-workers (1962) and Deall and Van Avsdel (1960)

do not sugeest that the hypersensitiviby to hisbanine

is due to a defect in the metabolic pathway fox tha
metabolism of exogenous higtamine. In both asthmatic

and control subjects over 95 pex cent of the admin-
isvered rvadiocactivity is wecoveved in the uvine in 24
hours. Paper chyomyvtograms prepared from the serun
samples collected during the Livst hour and the Lived
urine collection affer administmation of the isotope

ghow no significant diffevence ia the radloaciive peaks
in the asthmatic or conbtrol subjocts. The pxincipal
netabolite is o4 ving labelled l-nethyl, A-imidazole
acebic acld with lessor quanbtities of ¢4 wing labelled
riboside of imidamole scetic acid and oM l-mothyl
histamine (Dowell, Kerr and Pavk, 1966). The asthmatic
subject metabolises exogencus hisbawine in the cireulation
normally and presumably endogenous histamine once released

and in the cimculabion wonld be hamdled in o zinllaxr fashion.

The observations on asthoatic subjects with exogenous ctd

hlstamine suggest 2 more zapid breskdown of ths histamine
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ag gompored o eonbyvel mubjests althongh this Ald nob
moech statistically significont levels. Tt hos heon
ghova by Liljn, Lindell ewd Saldeen (1960) thet o34 2-
hiebidine vien incwbated with normel lungy fooms ¢+
histonive bizh a0 M4 nistaming metabolitos. On the
ather hand the same Jlung vhon fncubabod with GM' hiotonine
Loxmss (:1"!]’ mathyl histonine and C‘M Lemathyl, d-inddosolo
soebic andd. This shows that the mefaboliom of owgsonous
hisboming doss not sefloeh the notobolism of endogonous
higtominge, Thoe laticw whon fomed iz nob avallsble

for motabolion bub wother Dound in storasy sitos. The
Popdd rocoveny of the tobel aduinistored madicsobiviity
doss not smggost thet exopenous bhilobtoming ic being

tolon up and shoved for lotor releasc., Indeed the
aathnetlie subjeet seems porbiculorly offiolont in nob-
oholising ovoganous histoning .

Plaane eulbuees with tumoune maot cedls hove shom
two pools for higbamine. Ons pool in formoad Soon
orogonous ond the othor £ron endogonous histemine (Funano,
1962, Greon, Punxano ond Caxlind, 1962). The endogenous

pool o o $2inly apidd buwnovor ond only when the
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I

endogenous lavel of
able for the binding of oxogenous histamine. The
exogenons pool of hisbtomine is separabe and wnob \

aspociated with an efficient eliminntiocn mechanism

(Green and Fuvano, 1962). The observotions reported i
in Paxt T show that endogenous histamine is being b

rebaivned in the body in an sbiack of asthma and not
nede availoble for melabolism. The stozage pools fowx
histanine sre therefowe full and the vaplid metabolism
of (314 labelled exogenous histamine suppoxrbs the expen-
imental obsemvalions of Greon and his associabtes. I

is vnlikely thalt increased stores of histamine and failure
of elimination alone accounts for the histemine hypep-
sensitivity of asthmatlc subjects, although this could
lead bo an increased mumber of vecevbor sites avallable

N

for hisbtemine on smooth muscle and hence the hypewsensitivity.

Parrob and Laborde (19,}.;) have used the temm histaminopexy
to denote the immediate foll in the bioleglenl activity
of histamine vben mized with dialysed humen serum and tesbed

on isolaled guluea plg ileum. The same authors (1964)

e
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suggested that histamine was not enzymatically destxoyed
by normal human sexum but bound to a gamma globulin.

This worlk has always been conbroversial and was not
confirmed by Keplan and Davis (1953) or Beall (1964),

or Kertcher and Frankland (1965). In the studies
reported here within 10 mimites of the infusion of ¢4
histamine 75 per cenbt of the radioamctivity in the serum
samples was accounted for by l-methyl, 4~-imidazole acetic
acid. less than 6 per cent of the radiocactivity on the
pé.per chromatograms was not identified as histaming or
its kunown metabolites. It 1s wunlikely that failure of
hiptaminopexy is a factor in the sensltivity of asthmatic

subjects to histomine.

The most likely explanation for the hisbamine hyper-
sengitivity of the asthimatic subjecht would be an increased
avidlty of weceptor siles or an increased rumber of
racephbor sites for histamine in the hronchial smooth muscle.
The fall in free histanmine in the urine in an attack of
asthma (Mitchell, Logan and Peters, 1953) and the dis-
appeanance of the histamine metabolite le-methyl, 4~imidazole
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acebic acid from the urine in status asthmatious

(Kewxr, 1964) is sugsestive that endogenous histamine

is being retained in the body in active asthma. Turther,
the excessive melease of histamine and its metsbolites
identified in the urine of ssthmatic subjects given

steroid or corticotrophin therapy as compared to controls
(Rose et al., 1951, Mitchell et al., 1953, Kerrw, 1964) supporis
the conclusion that the asthmatic subjeet retains incressed.
quantities of histamine in the body. As already nobed,

Rose et al. and Schild have had the opportunity to meamsure
the concentration. of hisbamine in biopsy material from the
Iang of an asthmabic subjeet and both report this to be at
least 4 times that in normal subjeots. Can this failure

of histamine turnover in asthmetic subjecte explain the known
hypersensitivity of these subjects to histamine? It is
worthwhile congildering the supersensitivity of skeletal
nuscle whieh occurs after degenexation of the motox fibwre;
here the acebycholine sensitive axes (weceptor) which

is normally mestricled to the end plate region extends

until it covems the whole muscle membrane (Axelson and



Thesleff, 1954; Miledi, 19605 'Thesleff, 1960) and
the phamacologleal blocking of the paithway to \'i:h.ea
end plates e«ge by botulinum vhaxih oan alaé._. p;’?odu‘ég
thts type of supcrsensibivity of s;kele‘!‘;ai{. muae\i}e |
(Thepleff, 1960)., Smooth numole has no obyiou%a and
plate, the veceptors are probably unifomly %":gp:wé;aﬂ overn
the cell membrane but could be visualined like skeletal
mugele to be inereased in mumbew and thus lead Lo
higtamine hyperseasitivity. ‘

The mwurogenle coubrol of smeobth muscle is paxd
of the sympatheblc nervous system with two types of
axatagondstic recepbons e,lphattand bete (Ablquish, 1948).
A disturbance of the adwenergic control of mmooth miscle
might lead Yo smooth muscle supersensitivity similer |
to that descreibed for skoletal musoles  Schayex (1956)
has shown thet the smount of histamine formed from ¢4
Lehistddine in mast cells can be greatly euhanced in
animale if they oxe given s small injection of epinephrine.
In 1953 Bein oud Meler shoved that the normal biphasic
physiolopgioal responses of the cat to histemine are depeudant

on the adrensl medulla and tlzat a simltencous infusion of
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trace amounts of advensline ox noraedrenaline fully
regtored the physiological responses to histamine -in
adrenalectoniped animals. In cerfain apecies;\ hisfamine
gupereensitivibty can be induced following the injection
of o killed vaccine prepered from bordebells 353:@1‘.&335;3
(Parfentjov and Goodline, 1948, Kind, 1958, I‘Eu\.ngi, 1964).
Whilst iavestigating hisbamine metabolism in animals
sengitised to histamine with boxdetella pexiussis vaccine
Fishel, Szentivanyi and Talmage (1962) reported thai a
gimilor degree of supersensitivity to histanine could be
produced in cerbain species of animols by the beta
adrenergic receptor blocking drug dichloroisoproterencl
(DCI). This observabdion has been confirmed (Perioni
and Levine, 1967) and it has been shown that beba
adrenergic receptor blocking drugs intensify and prolong
the anzsphylactic response (Collier and James, 1967).

The above observaiions suggest that in man the
hypersensitivity to histamine ing the asthmatic subject
could be based on a disturbed function of the adwrenergic

gystem. Bouhnuys et al. (1960) rzeporbing on the effects
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of histamine oun yulmonary'ventilaﬁioh in man noted thak

in two asthagtic subjects whilst on the gang&ian}bloaker,
hexomethonium bromide, much lavgewr quanbibies of hl@ﬁamiﬂe
wexve wegulrved to couse the same chavnge in the ILung 6%Far&nce
Index thon they had observed in the original obsexvat%gasu
These suthors rather voguely suggested a neurogenic meagﬁéfﬁm
of relflen ox obthew nabuve as the basis for the hisﬁaminﬁ
supersensitivity.

with the introduction of the beba advererglc zecepton
blocking drug propranolol for clinical use thewve have been
several reports confilmming the fivst observations by Meleill
(in Dandee) that beta adrenergic blockade can canse a fell in

venbilation in asthmabtic subjects (MeBeill, 1964; leiewm,
Lydbtin, Zolliner, 19663 MelNeill and Tagram, 1966; Sly,
Heiulich, Busser and Stwick, 1967).

The velationshins between hay fever and asbhis is poorly
underatoosd other thon the well lmowm similarity in andibody
repponse and the frequant ccourrvence of allempic agthma and
hay fever togethewr, Whal faclors make the hay fever subject
develop seasonal asthwa in additlon to hils hey fever?

Ouellette and Reed (1067) have shown that o pharmacologically
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induced beta adrencrgle receptor blockade can shift the
rosponge of ragweed hay fever subjects on exposure to
antigen towanrds more severe airways obstruction and asthma,
These subjects had never previously experienced asthms in
assoclation with their hay fever. Cookson and Reed (1963)
observed that infusion of isoproterencl caused a greater
decrense in diastolic blood pressure and a greater depression
of the height of the diastolic pulse waves in normel than
in asthmatic subjects veflecting a grester decrease in
peripheral vascular resistance in the normal subjects.
The auwthora interpreted these resulits as showing that
vasodilation mediated by beta adrenergic receptors seomed
parsially blocked in asthmatic individuale,

In an attempt to produce histamine sensitivity in non
allerglc adults Zaid and Beall (1966) administered the
bota adrenergic recepbor blocking drug propranclol ut were
unable to alter histamine sensitivity and therefore concluded
that bete blockade was not the cause of bronchial gsthma in
mon. On the other hand Meleill and Ingram (1966) heve shown
that beta adrenengic receptor blockade does increase alrways

resistance in normal subjects measured by the sensitive body
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plethysmograph vhere no chongs can be measured in the

FEVy second. In addition, beta advensrglc blockade has
produced an attack of ssthme in 8 subject whoe had been fiege
fzom asthme for many yeaws (Dewshex, 1967).

Pollowing the obmervation that beta wrecopbor blocking
drugs produce hisbomine hypevseneltivity in animals wosh
investlgotlons in man have concentrabted on the beta veceptons
of bronchisl snooth muscle which on stimelation cause
relaxabion and Libile atlenbion has been given {o the
nosnibllity thet ssthmatic subjents bave active alpha rocepe-
tors giving mise to hronchial consbriction. IPishew of al.
(1962) reporbed tuat the alpha recepbor blecking drug phonoxy-
benzamine could prevent the lethal effccts of histenine in
Be pertussls sensibised mico. In addition it has been ghovm

that phentolamine (sn alpha vacepbor blecking drug) exoris a

vrophylactic action in experimentel asthne in the guines plg

-:jj;s‘ﬁ;«;éiucad gither by histamine acrosol o by ovalbumin asrosol
in previously seusibiced soimols (Wskiewsks, 1964). These
veporks have led us Lo lwestigate the effect of alpha

recepbor blocking dxugs on 'hh@ fall In ventilation observed

in asthmatle subjects after an infusion of hisbamine.
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Preliminary obsorvations heve shown that phentolamine
5 mgm. I.Ve inhibite the fall in VC and FEVy produced
by 50 pge histamine dihydwochlorides, The resulbs ave
ghown in Tables 11 and 12 (page 190 and 192) and on
statistical anglysis there is a highly significant
inhibition in vhe f£all in VC and FIVy by phentolamine at
5¢ 10, and 20 mimibtes. Thenoxybenzamine, a long acting
alpha adrenergic receptor blocking drug; has a similax
effoct and this investigation is contiming.

The tension developed by conbractile smooth muscle
is dependont on the lonized caleciuwn concenbration in the
envivorment of the conbrachile protein of the myofibrils
(Filo, Bohe and Megs, 1965). It has been suggested that
alphs rveceplor activily nowually causes sn increase in
ionized calcium in the enviromment of the myofibrils and an
increase of tension, vhexess beba recepbor activity causes
a sequestration of iounized calcium and a wvelaxabion of the
nyofibeils (Bohe, 1966). The acbivity of hisbamine on
sopoobh muscle in an opgan balbh is kaown to be dependant on
the concentration of lonized calelunm in the Tyrode golution
(Daniel, 1964). ‘Therefore it can be postulated that beba

recepltoy blocklng drugs by increaging the ionlzed caleium
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of the smooth mscle myofibrils increases the hisbamine
response and alpha receptor blocking dmgs by lowering the
ionized calcium inhibits thoe histanine nesponse of bronchial
smooth mecles In conbrast the potent beta receptor
gtimilating drug isoprenaline rapidly overcomes the £211 in
venbilation produced by histomine in astlmatic subjects.

That is, the histemine nesponse of smooth muscle is dependant
on the concentration of ionized caleium at the myofibrile and
this is controlled by the adrenergic recopbtors.

Aceepting o disburbed function of the alpha and betn
recaptors of bronchinl smooth musele as the basis of histamine
hypersensitivity in the asthmatic subjeck, could this explain
the wetention of endogenous histamine in these same subjects
in an gtlack of asthma? Histanine supersensitivity may lead
to 2 "feed back" phenomenon whereby the asthmatic subject,
to protect himeelf, glows down the elimination of histamine
fyrom shorage sites. Thie in turn leads to a vicious circle
as more recepbor sites betome available for histamine, the
situation being further agegravated if the patient is allergic
and liable to a sudden release of histamine on exposure %o

the appropriate antigen, Sterolds used in the relief of
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a severe asthmatic abtack take some hours Lo produce
relleofs This could be due to the time vequived o
relegse and metabolise histamine in the presence of
the hisbonine superseunsitive states

The hypothesis that histamine supevsensitivity in
the asthuntic subject is due to an lnbalauce belween
the alpha and bete adyvenengic wecepbtors remains a
promising oune and explaine mnuny of the experimental and
clinical observations about bronchial asthma. TFor
axample this hypothesls provides & common bapis Lox
infective, slleomgic or psychologleal asthma. In each a
disturbance of the adrevengic balawnce of bronchisl smooth
miscle leads to hlsbamine supersensibivity.

Adthough in this thesis altentlon has been focused
on higlomine it is realised thal the other biologically
achive amines kunown to be liberated in ansphylaxis can give
rise to bronchial reactions in asthuatic subjects and may
play a part in bronchisl asthma.

The melationship of the action of biologically active
amives oun sunooth mascle to the sympathetic contirol of smooth
msele provides ample opporbunity for furbher clindceal
investlgation and holds the promise of a bebtter understanding

of the mechanisms responsible for bronchial asthmz.
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APPENDIX

Poper chromotbograms from asthmotic subjects

o _show urocanic aecid

Figuves 32 to 37 are paper chromatograms prepaved from the
eluants of the first 24 hours collection of urine from
each asthmatic subject on admission to hospital in stotus
asthmaticus,

Uroconic acid was ldentified in each paper chromatogram,

Note: Imidazmoles are located on paper chromabograms eithewx
with the Pauly stain or p-nitroaniline and appear
ag red or yeddish-purple spots respectively; black
and white photography does not bring out the true
quality of the chromagbograma.
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Flfwro 32. Asthmatic subject 1. Urooanic acid.
A repeat of Figure 9% A two d