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r fART 1, INTRODUCTION 

Â. Â !Tief Hlstoty of Histamine Re,earch 

1. 

When Windau8 and Vogt tiret synthe.ized histamine in 1907, the .tory of 

hlsta~ne re1ease had already begun. Twenty-seven years earller Schmidt­

Mulhelm (1880) had describod a profound etate of 8hock occurrlng in the dog 

directly a.lter the Intravenou8 injection of the proti'ose-peptone mixture 

known as "Witte', peptone". The mechanismunderl~ing the events he recorded 

vere not ta be known until almost 60 yeare latar. Even to-day the 

phenomenon of "peptone shock" remaIn8 a partIal mystery and the actual 

beglnnlngs of the reactlon which culminates in the release of histamine are 

virtually untnown. 

MaDy of the early workers teem to have been h~mpcred oy the confu8ion 

arising from the multltudlnou8 descriptions of pharmacologically active 

sub.tances. derived by • variety of procedures trom almost ever,y animal 

tissue, and unlversa11y descr1bed as "hormones". Bayli •• and Star1ing (1902) 

had Intended th!, word to app11 to an active princip1e formed in one organ 

and carrle~ in the blood stream to anothet organ or orgcns where It produced 

1 te specifie affect. The1r discovery of ".ecreUn" had certainly requlred 

.uch a detini tion but 1 ta subsequent usage had not been respected. Th1e 

I1tuation vas not clar1tbd untll 1929 when Dale (1929) and Trendelenburg 

(1929) caretully explained the ward and gave it the signif1cance it holde 

today. 'fhue "hormone" 1s det1ned lia chem1cal substance formed 1Jl one organ 

or part of the body and carried in the blood to another organ or part wh1ch 

1t stimulates to functional acttvity". Adrenin, gecret1n and thyroxin are 

typical examples ot such a Iubstance. In contra.t, other pharmacolog1cally 

acUve 8ubstances seem to be tormed unspecif1cE>,111' by almoet any organ, tissue 

or tissue ju1ee. Feldberg and Schilf (1930) have given the name "Gewebahormone· 



or "Gewebatoffe" to these substances. 'l'heir normal metabolic action ~as 

believed b,y Dale (1920) and Lewis (1927) to be ot a local nature. 

2. 

However, such "tissue hormones" as hiotamlne and aeetyl ·~holine are also 

cap:l.ble ot acting. as will be sho'lin, on orge.ns some distance t'rom their site 

01' production. As far as can be determined only 5 ticsue hormond~ have been 

glven a de1'inite chemical composition. These are histamine, acetylcholine, 

carbon dloxide, adenylic acid and serotonln (5-hydroxy t~yptamine). 

In the same class. pOBslbly, are such les8 specifie substances as 

kallikreln (rrey and Kraut (1928):Subatance p. (v.Euler and Gaddum,193l); 

"slow-reacting-subatance"(Fe1dbcrg and Kalla~,19;8; Brocke1hurst,1953), 

and Bradykinln(Rocha e Si1vQ, Beraldo, and Rosenfeld 1949). The nonspecific 

.acular action of 'hese unidentif1able pressor' or d'pressor aubitanc8' ha. : 

usua11y caused them to be classi1'ied together. 

When Vincent and Sheen (190;) noted the presence 01' a depressor substance 

in tissue extracts. the e~:dy phase of histamine research began. Popiellkl 

(1909) gave the name "vasodi1atin' to a s1mi1ar 8xtr~ct, but this waB 

merely a hypothetica1 designation for an unknown substance. The synthesi. 

of histamine in 1907 (Windaus and Vogt) was Boon fol1owed by 1ts isolation 

from ergot (Barger and Dale 1910) and Ha chart:l.cterhation (Dale a.nd Laidlaw 

1910). Later experiments. ma1nly by Dale. provided evidence for the 

poesibi1lty thst such substances as vasod11atin May actua1l~ be histamine 

or at 1east contaln it. 

Bl$dl end Kraus (1910) had alroady drawn attention to the clone 

B1mi1arity between the symptomB of anapbylactic an~ peptone shock when, a 

few months 1ater, D&le and Laidlaw (1910) found that histamine behaved 

almo!5t IdenUcally to peptone. Anxioue ta :prove their suspicion tiv .. t 

histamine vas a common t'actor in aU these conditions. l3a.r~er a.nd Dale (1911) 

isolatad histamine from intestinal mucosa and thuB had evidence that 



3. 

that depressor tissue extracte could contain histamine. Their choiee of 

tissua, however. proved to b~ éUl untortunate one because Ackarmann (1910) 

had already shown that histamine could be prepared by the action of putr~­

!active mieroorganlsms on histidino. Wheu MellaLby and Twort (1912) 

reported the isolation ot an intestinal bacillus capablo of making the same 

conversion. the prcbabillty that histamine vas a natural constituent ot the 

intestinal mucosa could not be accepted. 

The heretofore mentioned phanomenon of anaphylaxie vas aetually fir~t 

deseribed in 1902 by Portier and Richet. They round that when a dog. who 

had recovorcd trom one dose of an extr.act of Bea actinia, receiTed a second 

and Imaller dose sever~l weeks later. it exhiblted an extreme plcture of 

intoxication and shock. A slmilar lOBs of natural protection was described 

in rabbits by Arthus (1903) and in guine~ pige by Otto in (1906). 

Durlng the next 20 odd years a good deal of controversy raged over 

histamine. part in toth anaphylactic and peptone shocl:, but in the absonce 

of conclusive evidence little more than theorles could be propoeed. However, 

in the search for &nawers to these problems a wealth of knowledge vas accumu­

lated and the characterlzatlon of thcse reactlons beoamc almost complete. 

In 1920 Dale ~ostulated that in anap~lactic shock an lnter~reactlon 

botween antigen and antlbo~ caused & cellular inJury which then liberated 

histamine and other 8ubstances. Similarly peptone val belleved ta involve 

cell inJur.r when it produced its effect. In 1929. Dale reaffirmed his view8 

but this time large11 relled on evldence produced by Sir ThC~B Lew13,(1921). 

Levis had found in a series of classical studies on the Bmall blood vessals 

of the human skin that a large variety of mildly lnjurious stimuli resulted 

in the production of a common reaction which he termed the triple response. 

Lewis believed that thi. reaction vas caused by the activation of & chemical 
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agent and when, at Dale's suggestion, he tested histamine and found that 

it reproduced in detail the triple response his suspicions were aIl but conflrmed. 

However, he permitted no closar identification of the naturil agent ln the 

tissue reaction than to calI It aH-substance". It 1a notable that Dalals 

suspicions of 20 7ears before had not let been 'verified. 

Beat a.nd McHenry (1931) att:.:lbute the slow progreSB made to the lack of 

a sen81tive method for the estimation of histamine in blood. Whatever the 

cause, the introduction of auch a method by Barsoum and Gaddum (l935a) ended 

the period of doubt, and it wa~ not ver7 long belore adequate proo! for the 

presence of histamine ln tissues vas obtained. Subsequent lmprovc~cnts of 

their method, mainl7 b7 Code, (19J7) have produced a technique still ver.y 

much in use. 

A fresh impetus was gainee ln histamine research when MacIntosh and 

Paton (1949) described a number of experiments characterizing histamine 

release. ror the firet timeeubstances vere classlfied as ~istamine 

libera.tors" and were ident1:t'ied as probab17 having a specific chemi~", . .l 

structure. Slnce then Many compounds p08sessing the proposed structure 

have been shown to fit Into the pattern as "rele&sers" or "liberators" even 

though their more wldaly recognized pharmaco1ogical affecte are of an 

entlrely different nature. 

In m7 labora.tol'7 a number of det:dls regarding the mode of action of 

histamine 11beratora have been investigated and are here1n deecr1bed. In 

part1eular, as a means of approaeh to the general problem methods attampted 

for modification of histamine release are discussed. 

The precedlng out1ine has brief17 sketched the histor,y of histamine 

research trom the time of its vague beginnlngs to a ~ore deflnite phase in 

wh1ch has baen introduced the study of histamine rclease. There now follows 



8 · review of the litera.ture on hist:"l!l:'ne with sections devot€ld to Hs 

pharmacological action; 2ubstanceB. techniquc~. and reactions which bring 

about the release of histamine; and variou8~heories which attempt to explain 

the manner by which histamine 18 l1berated. No attempt has beeu ma.de on 

the part of the author to review the great mass of literature on hist&mine, 

but those datails of perti~ent investigations concerning the present study 

haTe been carefully considered. Even in the recpect of histamine release 

the number of studies mentioned represents only a portion of the invastig~ 

tions on the eubject. A more complete list of histamine releasing 

substances t.o,ether with their references appe2rs in the Appendix. 

The pnarmacological actions and other properties of histamine have been 

deseribed in a number of excellent monographs and ~eviews. (Feldberg end 

Sehilf 1930; Be3t and McHenry 19J1; 3addum and Dale 1936; 

Ros€ 1939; Dragstedt I941~ Eccause of this. the author presents here only 

those details of the earlier oanuscrlpts which a~'e a.pplicable ta the 

investigutions undertaksn. 

B. Qà.epaistu and Distii:2,ut,i..op. ot H1st~'U.iAa 

Histamine i$ a-iminazolyletbylamine. t~e decarboxyl~ted product of the 

amine acid histidine. The molecule 16 basic by virtue of lts 2l.:n1ne groups 

which permits it combination with acid~ to torm stable salts. The mclecular 

we1ght ot the base 18 111. The d1~dI'ochloride (molecular weight • 183) 

and the d1phosphate (moleeular welght = 307) are the two most commonly used 

saI ts and have respcctively 6010 and 30'1> histamine. The formuln. of the 

dibydrochlorlde 1s as fo11ov~: 

He = C - CH2 - CII2 - NH2 
1 1 1\ 

H-NR N' H Cl 
Cl/ \ / 

CH 



Eeeause o~ the aeidity of the salt, stronb solutions of histamine for use 

in pharmacologieal studies should 09 made ~ i~ baffEred media. 

6. 

In the body histamine la detexifi ed by an enzyme sjstem termed "histamin­

ace" b~r Eest and McIrenr,y (1930). Histaminase vas later identif1ed Dy Zellar 

(1938) to be a diamine oxldaze of the f1avoprotein type and Kappe1er-Adler 

(1950) has found evidenee to suggest that the prosthetio group of 

histaminase 18 f1avin adenine dinue1eotide. 

Although histaminase is wldely distributed throughout the animal bo~. 

the kidney contains the ~reatest concentration (McHenr,y and Gavin 1932). 

During precnancy the deeidual tissues show a marked degree of histaminase 

activity (Roberts and Robeon 1952). Its presence in bacterla~oulet and 

Zeller 1945) suggesta the reason why histamine solutions Bhould onlT be 

kept as sterile solutiQns in an iee box. Pure solutions of histamine lI18.Y 

be boiled in acid for long periods without loss of potency. 

Beat and McHenr,y (1931) have discussed ln Bome detail the vide distribu­

tion of histamine ln both plant and animal tissues. Barger and Dale (1910) 

isolated h1stamine from ergot and the 8ub8equent studies of Dale and others 

showed that histamine possessed important pharmacological actions. The 

isolation of histamine from other plants has had little bearing on the 

elucidation of its pharmacological role. 

Among animal tissues that contain histamine the highest concentrations 

are found in the liver, lungs, and sk1n. The values depend to a great extent 

on the species but there i8 also considerable variation in the B&me organs 

of 41fferent 1ndlviduals of the Same species (Feldberg and Schl1f 1930). 

Histamine 18 normally combined in the tlssues ln a form which prevents lts 

acti~ looally or being re1eased in the circulation. Although lt la be11eved 

to have a local action. its regular presence in the blood stream of most 



species indioates the possibility of a more generalized function in the 

body. The values of histamine in the oirculation range from 0-0.04 

fJ.g./ril.. ill the dog to 1-4 ~g./ml in the rabbit vith intermediate values found 

in the oat, culnea pig and.an. (Code 1952). In his review, Code (1952) 

ooncludes that the main source of blood histamine ls the granular serles of 

leucocyteS although these May not alwaTs be uloaded·. He also notes that 

the free plasma histamine may come from other body tissues. 

c. The Pharmacology of Histamine 

The significance of the presence of histamine in the body is not 

clearly understood but tunctions most CD mmonly ascribed to 1t are; 

(a) Vasod11atation of the small vessaIs of the c1rculator,y system. 

(b) Stimulation of g&strl0 acid secretion. 

(c) Transmission of synaptic impulses in the a'entral DervouS BTstem 

The participation of histamine in the placentation of the ovum has been 

auggested b7 80ms ver" recent investigations by Shelesnyak (1952). 

The early conoept of the possib11ity that histamine played an active part 

ln the oontrol of capillar,y circulation vas thoroughly dis~~s8ed by Dale 

in the firet Herter Lecture (1920). A1though It had not bean shown that 

aDT specifie Metabolite vas Involved in the mechani._ Dale vas of the 

opinion that ·control could best be affected bt the local action of metabollc 

produots of activity". Metabolic agents thathave bean identified as taking 

part in the capillar.y control of local blood flow are members of the adeno­

sine group,cairbon dmide and 8omet1mes, histamine. Caplllar,y "vasomotionll 

i8 believed to play a major role in the regulatlon of capillar,y permeabilit7 

and per1pheral blood flow (Cha_bers and Zwe1fach 1947; and Chambers 1948). 

It vas suggested that the degree of thls actlvity in small vessels vas under 

the control of local metabolic products. 



8. 

The fOlloving i8 a summar,r of the more t.portant effects of histamine. 

Longer detailed accounts are found in the monographa and revi.vs by Fe1dber~ 

and Schi1f (1930) Beat and McHenr,y (1931) Rose (1939) Selle (1946) and in the 

conference on histamine (Ann. N.Y. Acad Sci 1950). 

1. The Effect of Histamine on the Vascular System 

(a) General Circulation 

The injection of as little a8 0.1 ~g histamine into a~ ~ la usually 

folloved by a smal1 transient fall in arteria1 pressure. This effect ls due 

to a relaxation of the minute arterioles and capillar1es. Larger vessele 

usually under~o a constricting actlon (Dale and Richards 1918, 1927: Burn 

and Dale 1926). The level at which the changeover Gceurs varles vith the 

species. In the dog and rabbit visible arterio1es. as well as the cap111ari8s, 

relax to histamine but ln the cat only the finast vessels relax. Gene ral 17. 

the vasodi1ator affect predominates but this depends on such factors as 

OX7gen and adrenalin necessar,yfor the maintenance of capil1ar,y tone. If 

the tone ls lost vasodilation becomes impossible and the only effeet sean is 

a b100d pressure rise due to larger vessel vasoconstriction. Recent york 

on very smali vessels suggests there may be several kinds of locus where 

histamine may act differentIy; metarterioles, thorougbfare channels, A.V. 

~astomo8es. precapillar,r sphincters. (Chamber8 and Zwetfach 19~~). 

(b) Heart 

Smal1 doses of histamine increase the heart's rate and strength of 

contraction. Larger d~oes weaken the heart. the 1eft side being more 

affected. Kl1s1ecki and Holdbut (1937) state that the action of histamine on 

the heart may be the primary cause of histamine shock in most animals. 

(c) Portal Circulation 

ln 1932 Bauer.Dale. . Poulsson and Richards found that the smaller 

hepatic arteries of the dog dilated to histamine whi1e the portal branches 



vere slight~ constrieted. In the dog a valve-like contraction of the hepatic 

veins led to a profound engourgement of the liver. (Mautner and Pick 1929). 

Dale and Laidlav(1911) found that this contraction was followed by a greatly 

1ncreased flow of liver lymph.lt will be seen that these signs are also associated 
with conditions of induced~tamine release. 

2. The Action of Histamine on Smooth Muscle 

Throughout the bodT smooth muscle is contractàd by histamine. The mascled 

portions of the uterus, intestine and bronchioles are most sensitive to 

histamine somewhat depending on the apeciea. Becallse of their high 

sensitiv1ty to histamine, the uterus and intestine of the guinea pig have been 

widely used for aasay purposes. Dale and Laidlaw (1910) also used the retractor 

penis muscle of the do~ aS a test object for histamine. 

(a) Uterus 

Dale and Laldlaw (1910) showed that the virgin guinea pig uterus would 

respond to histamine in concentrations as low as 1/250,000,000. The 

concentrations necessarT for cont~.ction in other species was found to be 

much higher. The isolated rat uterus responds to histamine by a depression 

in 1ts natural rhythm. (Suden 1934). Although the sensitivity of the uterus 

is reduced in pregnancy, some uteri are more sensative to histamine at term. 

CBourne and Burn 1927 Dale and Laid1aw 1910). 

(b) Intestine 

ln vivo, large doses of histamine may cause purg1ng and emas1s (Dale & 

La1dlaw 1910). The isolat&d suspended gut i8 especia11y sensitive to histamine, 

that of the gulnea pig responding by contraction to concentrations as low aB 

1/250,000,000. Since the guinea pig preparation aleo responds in a graded 

manner to the concentration of histamine in the surrounding bath (~genhein 

and Leeffler (1916) It can be used for the determination of histamine. 
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Barsoum and Gaddum (1935) have uBed the rectal caecum preparation of the 

ch1ck for the estimation of histamine. 

(c) :Bronchioles 

In most animale the pulmonar,y vessels are constrlcted by histamine, 

(Dale and Lald1aw 1910). Is01ated rings of these vessels a1so constr1et in 

the presence of histam1ne, (Feldberg and Seh11f 1930). This action in whele 

animals causes an lnterference with the r1ght ventrieular output, and, especi­

a11y in rabblts, r1ght heart fallure may cause death. In the guinea pig the 

pieture of shoek is dominated by an asphyxlating constrictlon of the bronchi­

oles and the animal dies of bronchospasm. Schild, Mongar, Hawkins and 

Herxheimer (1951) have demonstr.ated the action of histamine and specifie 

antigens on human bronchial muscle and noted that It 18 quite as sensitive 

as the guinea pig prepar.ation. 

(3) Action of Histamine on the Skin 

The 1nteresting effects of histamine on the human skin were firet 

noticed b) Eppinger in 1913, but the studies of Lewis (1927) eompletely 

overshadow any york before or sinee and are ver,y readable to~. The 

reaetion of an amount of histamine whieh cao enter the skin through the 

smallest pln prick 18 essentially the aame as that eaused by a minute 

mechanical or chemlcal injur.y. Three separate effects which ueuallT appear 

together &fter histamine entere the skin have been called the "triple 

response". These are aS follows: 

1. A local reddening appears at the site of injection beginning in about 

15 seconds and 18 due to a vasodilatation of the small local vessels con­

tacted br histamine. This action ls not affected b) degeneration of the 

local nerves and 1s 801e17 dependant upon the vasodilatation of the capl11-

arias. 
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2. A diffuse flare surrounds the local redness aftel" another 10-}0 seconds. 

This "scarlet flush" relies on a local axon reflex to local arterioles and 

cannot be obtained after nervou8 degeneration in the area. Loeaser (19}8) 

has made use of this phenomenon for determination of an intact nerve aupply 

in patients. 

3. A weal which appesrs within a period of 3 to 5 minutes covera the same 

ares prevlous~ showing the local reddening. This ia caused by an increased 

permeability of the !ully dilated capillaries in the area and may last an 

hour or more. 

4. Lethal Doses of Histamine by Intravenous Injection 

The following values in m11:l1grltm. /Kg. ~f body weight are the approximate 

lethal doses by intravenous injection (]est and McHenr,y 1931): 

Guinea pig 

Babbit 

.250 - .30 

1-3 

Pigeon 1-2 Cat 

Dog 2 • .5-3 Mouse 250 

5. Agents that Countera@t the.Action of Histemine_ 

Rat 300 

Frog 1700 

'mle appar-ént"iy J.ma:f'ul~ preil.ence o:!hiata.mtr"e ,lin- a1l81'gio :and:ot'her; conditions 

has stlmulated the search for Methode for nia_tamine·coUJit'"a.ct11Jn-.::~.e' :..t.-udles 

have had te take into acaount that normal functione of histamine in the body 

would not be impaired by the application of theee Methode and that the 

detoxifying mechanlsm would not ellait unvanted side effects. The develop-

ment of these methods bas of course, been beneficial to the advancement of 

other investigations on histamine. Although several aethods for detoxif71ng 

histamine or counteracting ita effects have been attempted. few have had the 

usefulde88- :~- and widesprea4 application of the mod.ern anthiatuinic &&enta. 

Earller. histamine azoprotelns had been invest1gated for their value in 

allergie phenomena (Fell 195~ Coffin. Kabat 1946) Dut had only a limite4 

application. Negative results vith such substances have 1nd1cated a poor 

antigen1city. 
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Desensitization of animaIs with large doses of hist.e,mine(AleDnder 1944: 

Rose and Erown 1948) has not had much value in humans as a pra.ctica1 method 

for counteracting the effects of histamine. Kara~ (1941) has presented the 

most convincing evidence that pretreatment with histamine is a useful 

procedure for desensitizing to histamine. However his experiments were 

done on guinea pigs subjected to anaphylactic shock - a phenomenon in which 

other factors besides histamine may be involved. Histaminase has been used for 

the seme purpose but without consistent success. (Alexander and Bottom 1940; 

Re se '3.D.d Erowne 19L!1). 

Trethewle (1951) found that sodium salicylate and acetyl salicylic acid 

inhibited the release of histamine from sensitized lungs. Gray, Pedrick and 

Winne (1951) have confirmed these results for sodium s8,licylate. Gray aIso 

found that ethyl alcohol could abolish the anaphylactic response of the guinea 

pig ileum to antigen but the mechanism for this action, as with the others 

remaina obscure. The eontinued use of salicy18,tes in allergie diseases of 

many kinds has shown that these substances have a valuable place in modern 

therapy. The elaim by immunologists that rheumatism an~ related ailments 

are allergie phenomena is Supforted by the knowledge that they can be 

successfully treated with salicylates. 

Ungar. Parrot an~ Bovet (1937) found that the sypathicomimetic agents 

adrenalin and ephedrine possessed antihistamine activity. Adrenalin was 

observed to be effective in concentrations as low as 10-8 . The sympathicolytic 

agent yohimbine was also shown to possess antihistamine activity, 

The discovery of Thymoxyethyldiethyl~ine (929 F*)by Bovet (see 1950) 

and characterization by Staub has led to todayls highly specifie compounde 

of praetical usefulne~s. The effects ·Jf 929 F viere threefold (Bovet and 

Staub 1937; Sta.ub 1939). 

(a) Protection to guinea pigs 2gainst several lethal doses of histe.mine. 

*Fourneau 
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(b) Antagonism against histamine-induced spasms of intestine. uterus and bronchl. 

(c) Protection against experimental anaphylactic shock. 

ln 1942. Antergan vas prepared by Mosnier and investigated by Halpern 

(Halpern 1942). Its antihlstamine action vas found to be severd times 

greater than that of 929 F. Later. Neoantergan was developed and vas found 

to have an anti-histamine activity 60 timee greater than that of 929 F. 

Although other compounds have been f01L~d to have greater anti-histaminic 

effects, their toxicities are proportionately ver,y much greater. The 

therapeutic index cf Neoantergan is 68,000. 

With the advent of these new substances the specifie actions of histamine 

could be measured with extreme accuracy and while the field seemed to have 

enlarged to immense proportions in a moment it had also become simpl1fied. 

Staub (1939) was the first to show the protection in guinea pige to 

histaminic bronchoconstriction. Practically every known affect of histamine 

vas 1ater shown to be abolished with one or other of the ney substances. In 

North America, :Benadry1 was the early champion of antihistaminic compounds 

(Loew and Kaiser 1945; MeElin and Horton 1945). 

Tne dose of Neoantergan that inhibits histamine has frequently been found 

to be smaller than the dose of histamine that produces contractions of 

suspended gut preparations (Schi1d 1947). Personal observations (Ashwin 1951) 

have shown that the inhibiting action of Neoantergan on the effect of 

histamine in the same preparation is up to 100 times more specifie than the 

action of atropine against acetylcholine. lOqOOO times the dose of 

Neoantergan used to inhibit a constant histamine response vas necessary 

to abolish the constant action of acety1choline whereas only 800 times 

the amount of atropine used ta abolish the ' response to acetylchoHne vas 

required to prevent theactiorl ·of hisbmine. 

Rosenthal and Brown (1940) have shown that 929 F annuls anaphylaxis in 

guinea pigs and others have demonstrated the effectiveness of these compounds 
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in the anaphy1actic conditions of rabbits (Valler,y,-Radot, Bovet, Maurie and 

Holtz1er 1943) and doge (Halpern 1942). 

Haaieimer (1952) and also Armitage, Rerxheimer and Rosa(1952) found that 

mild anaphylactle shocks in guinea pigs produced b) aerosols contalning the 

antlgen oould be protected br a number cf antihistamines. The protective 

effect consieted in del~ing the onest of the asthmatiè ~spnoea due to the 

shock. Few animals vere oomplete17 protected by the antihistamines. Atropine 

and procaine had siml1ar but weaker antl-anaphylactic effects. The authors 

diseuss the parallel of this protection to that exhibited by antihistamines 

against human asthma. 

Sohild and oo-vorkera (1951) have shown that the antihistamines are not 

ver,r active against allergie reactlons lnvolving the plain muscle of the 

human bronchi preparation. The discrepancy vas thougat to be due to the 

large concentrations of locally released histamine where there vas an 

insufflcient amount of antihlstamine. The manifest action of ant1histamlnee 

in the cellular mechanlsm lnvolvlng anaphTlaxil and the subsequent release of 

histamine vas certainly much less than lts lnhibltor,r effect against added 

histamine. 

Antihletamines have been shown to exert little, if any, 1nhibitor,y action 

againet anaphylaxie in dogs (WellS, Morris, Dragstedt 1946). Apparently 

histamine i8 still re1eased in the presence of the antihistamine but the 

animar. protection against the relaased toxine has been ~reat~ increased. 

Paton and Schaehter (1951) have come to the same conclusion for the histamine 

libèrator 48/80. After an injection of 48/80 into an unanesthetized dog, 

signs associated vith histamine re1ease vere diminlehed considerably vith 

mepyramlne (tieoantergan) but the amount of gastric secretion. which they 

u8ed as the crlterlon of histamine release~waB not affected. 
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In mice antihistamlnes have bean found ineffective against both histamine 

intoxication and anaphylaxis . (Mayer 1950). Mayer haB assumed that there are 

probab~ other anaphylatoxins in addition to histamine. While in other specles t 

such as the guinea plg, the effects of allergic responses are ea81ly annulled 

b) antihistamlnes lt i8 not permisslble to s~ that other hidden manifesta­

tions of the primary effect are not also inhibited. ~er Buggests that the 

drugs, specific as they seem to be against histam1ne,probably have other 

actions as well in producing relief and these secondar,y effects ~ be 

1ntrlnslca1ly linked to antihlstamlnlc activlty. Such s1de ~fects have been 

llsted by Feinberg (1947): 

1. Atrop1ne-11ke act1vity on smooth muscle and glands. 

2. Local anesthet1c activlty. 

3. ~xcitator,y to the central nervous system. 

4. Recently another poss1ble reason for the 1neffectlveness of antihlstamlnes 

has come to light. Pe1lerat and Murat (1946) and Arunlakshana (1952) have 

found that var10us ant1histamines themselves release histamine. However 

this effect does not occur until comparâtively large amounts of the ant1-

histamine are given to the animal. Even though antihistamlnes apparently 

do not prevent the release of histamine from t1ssues, they probably do prevent 

man7 of the actions of the re1eased histamine on the org.aniem. 
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D. The Liberation of Histamine 

This section deala vith a n~~ber of reactions, events and substances 

which cause the 11beration of histamine. 

Although the extraction of histamine from tissues is a relatively 

simple procedure, the identification of histamine released from the sarna 

tissues when they are 8ubjected to a certain stress or procedure has bean 

at time8 exceedingly difficult. The failure of many attempt. to detect the 

pre8ence of histamine pharmacologically in blood, plasma or perfusates 

has been attributed to the presence in them of other active substances 

which ob8cured the action of the hiatsmine. Vhen Beat and McHenr,v (1930) 

introduced a method for the determination of tisaue histamine employing 

acid hydro17sis Many of these difficulties vere removed, and vhen ]arsoum 

and Gaddum (1935) published their method for the estimation of histamine in 

blood, further investigations in this line could be pursued vith added 

confidence. However. some authors still refer to the active ingredient in 

blood and tissue extracts as Nhistamlne-like"subatance or "H" substance. 

Usually an increased levei of histamine in the blood or perfusion fluid 

haB been taken as the criterion for 1ts release from the whole animal or 

from a specifie area or organ and yet t vhen. blo c-do "8.8 uôed 1 D. con.comitant 

release of histamine from red and white corpuacles vas sometlmes a matter 

of uncertainty. Code (1952) has emphasized that histamine i8 eas1ly released 

trom blood celle during clotting and a180 in the presence of lome anti­

coagulant s. 

In some reports, methods for the identification of histamine have been 

faulty or inadequate and the reluits cannot be accepted. In others, if the 

histamine level vas not over a certain high percentage a claim for release 

could not be made. 
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The advent of antihistaminice provided methods for the lrrefutable 

identification of histamine. The action of these new compounds vas so 

specifie tbat other methods vere almost unnecessar,y. Many lnvestigators 

today do not even attempt absolute purification of their eamples because 

the antihletamines and atropine are ava11able to ascertain the presence 

of other substances which may interfere in the pharmacological assay of 

histamine. Measurement of other factors, ~uch as the "slow reacting 

substance" (Feldberg and Kellavay 1938: Brocklehurst 1953) 18 also possible 

by these new techniques and their release together vith histamine in many 

phenomena i8 temonstrable. 

Along vith the growth of proof that the dynamic factor in anaphylactic 

and anaphylactoid conditions vas histamine, the knovledge of how it wa. 

released also grev. Although the presence of histamine in both types of 

phenomena vas fairly vell accepted one VaS unable to deny that there were 

many differences. TodaYS familiar symptoms are often attributed to the 

agent used rather than to histamine released. ether lese well identified 

components in the reaction are also under suspicion of having diverse 

effects on the animal. 

1. The Release of Histamine Durlng Metabolic Activity 

One of the most perplexing problems in the recent hietor,y of 

physlo1ogy has been wiether histamine has a normal metabolic tunctlon in 

the anlmal's body. The presence of so potent a molecule as histamine in 

the tissues would certa1nly seem to be due to a more useful function than to 

merely represent, as a vaste product, the essentiel amino acid histidine. 

The release of histamine, whether described as a "normal" or a "pathological" 

proceBs, has not been shown to be due to either the acceleration of a normal 

proces. or to the onset of a mechanism not usuallY occurrlng in the 

metaboliem of the celle 
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A few of the mechanisme suggested to med1ate the releaBe of histamine are: 

<a> The decarboxylation of hist1dine 

(b) The Iplitting of peptide or other bonds after the activation of an enzyme 

(c) The disruption of pCyBical forces holding histamine in the cell 

(a) The Release of Histamine 1n the Regulation of Local ~lood Flow 

As early as 1920 Dale mentioned that the control of local circulation 

could probably be best affected by the metabolic products of local activity. 

At the t1me the presence of suoh agents in tissues vas known but whether 

they had a definite role 1n living tissue had not yet been demonatrated. 

Probably the experiments by Lewis (1927) were the first to suggest that 

a "hiatem1ne-like-substance" was released during such con41t10ns al reactive 

hyperaemia, oXTgen-want, and carbon dioxide inorease. ~y using an improve4 

method for histamine extraction,Barsoum and Gaddum (193SB) were able to demon-

strate, that this probab17 did take place. The results of their experiments 

vith 002 suggested that the release ot histamine wa. a seoonder" consequence 

to the accumulation of acid Metabolites. During reactive hyperaem1a they 

found that the histemine concentration of the blood vas increaeed several 

timaB over the normal level. 

Anrep and Barsoum (1935) showed that the amount of histamine in the 

venous bl.od of a dog's g&strocnem1uB muscle increased inverselyas the rate 

of perfUsion. Anrep et al (1944) later shoved that muscular contraction. 

arterial occlus1on, and prolonged venous congestion in the human subJect 

vere all accompanied b1 a release of tissue histamine. Their conclusions 

were in accordance with the observations of Lewis (1921) who had found 

evldence to euggest that histamine vas much more coneplcuous in venoua 

blood durlng muscular contractions. 

Tarras-Wahlberg (1936) vas able to show in rabbits that the venous blood 

but not the arterial blood, possessed histamine-11ke activ1t7. This 
act1vity was further increased by asphyxia or haemorrhage. 



Eichler and Speda (1938) found evidence to sU&gest that o~gen~~nt 

maT be a factor in the normal release of tissue histamine. After giv1ng 

cats artlfic1al byperventllation the plasma histamine vas found to be at 

a ver" lov level. This returned to a normal value only after a period of 

severa! hours. Eyperventilation lnduced by hyperthermie or cardiazol 

produced 81milar values. When the conditions vere reversed b7 giving cats 

1<>% oXTgen to breathe, the plasma histamine vas increased to extreme17 hlgh 

levels> (Eichler, Speda and Wolff 1943). 

Feldberg and Eolmes (1941) have been able to increase the amount of 

gaBtric acld secretion presumed by them to be due to histamine in the 

circulation, by decerebrating cats. During the (decerebrate) rigidit7 there 

vas an lncreased amount of acid formed. Similerly, intense rigor in leg 
..... as 

MUscles, caused b7 strong faradic impulses, folloved b7 an increased produc-

tion of gastric acid. Throughout the rigor, secretion remained at a hlgh 

level and only passed off vith cessation of the contraction or amputation 

of the limb. 

Uslng heart lung preparations, the release of histamine during 

increased cardiac actlvit7 has been demonstrated by Anrep, Bars oum and Talaat 

(1936) and by Marco and Parhon (1938). In both cases the coronar,r venous 

blood obta1ned from vigorous17 contracting hearte could be shown to contaln 

increased amounts of histamine. Anrep et al (1939) also showed that there 

vas a release of histamine following the administration of adrenalin to an 

isolated rabbit heart. This could not be shown for a si.l1ar cat preparation. 

Code, Lovatt-Evans, and Gregory (1938) could not confirm the increased 

histamine level in coronar,r venous blood and a180 criticized the earlier 

demonstrations on the basis that the methods then used vere not sufficient17 

accurate to produce reliable reluIts. On the bas1s of the careful vork of 

Code and his assoc1ates in which a very delicate method for blood h1stamine 
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was employed. some doubt has been cast on the reliabllity of the experi­

mental values found by Anrep and his covorkers. 

These somevhat doubtful experimental flndings have preaented evidence 

that the liberation of histamine is a normal cellular activ1ty adequately 

accounting for functional vasodilatation. "If this functional liberation is 

to be accepted". states Dale,"the question still remains whether it 

(histamine) acts by itself or by a synergism vith 002' a possibility sugg8sted 

by observations recently shown to me by H. Rein in Gottingen". It i8 notable 

that Dr. Dale's observation had suggested to him a mechanism for histamine 

releaee similar to that suegested to Barsoum and Gaddum(1935B) 15 years before. 

(b) The Release oi Histamine and Placentation of the 0Vum 

Another body process that employs the mechanlsm of histamine relesse 

is 8U&gested by the investigations of Shelesnyak (1952). Hie studies suggeet 

that natural placentation of the rat ovum is inltlated by the release of 

histamine. The formation of artificially produced deciduoma vae inhlbited 

if the animals vere treated vith ant1histaminlc compounde. Unpublished 

data of Shelesnyak and Davies (See Shelesnyak 1952) Buggested to them that 

in the mouse treated vith benadr,yl during the time of natura! placentation 

Interference vith nidation occurred since pregnancy did not go to terme 

If snch mechani8m as circulatory adjustment and natural placentation 

are actually mediated by the release of histamine, the use of antihistamines 

to give release from Tarious d1stres8ing SrmPtoms. due to pathological~ 

I1berated histamine. MUst be cautioned aga1nst 80 that normal and essentlal 

physiological adjustments are not harmfully suppressed. 

(c) The Releaae of Histamine by Nerve Stimulation 

]ecause the release of histamine b) nervous mechanisms has litt le 

bearing on the present stu~ on~a fev details are mentioned. 

~y us1ng ac1d gastr1c secretion as the criter10n of histamine activity 
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Ungar (1937) and Ungar and Zerling (1935) have fOtllld that various types of 

nervous stimulation liberated a "histamine-like-substance". 

MacIntosh (1938) balieves that histamine ~ mediate the secretor,r action 

of the vagus on the parietal cells and therefore act as the normal stimulant 
from dogs 

to gastric secretion. However when blood was withdraVD/and tested for the 
the 

presence of histamine while/dogs were digesting a meal no histamine could 

be detected. 

Such substances as acetyl choline(Dala and Gaddum 1930; and kallikrein 

Ungar and Parrot 1936) are also released on nervouB stimulation. Whether 

these play any part in the gastric secretory mechanism Is not known. 

Good evidence that antidromic stimulation of sensor,y narves released 

histamlne has bean produced by X:wiatkowski (1943) who demonstrated the 

presence of histamine in the venOU8 blood after the stimulation of cut 

dorsal roots. Lambert and Rosenthal (1943) have described the liberation 

of histamine from the appropriate skin area folloving cervical sympathetic 

or splanchnic stimulation. Such etudies suggested the presence of the so-

ca:U,ed "histsminerglc" nerves. The local aneethetic action of the anti-

histaminics nov in use offere indirect support for this hypothesis. 

2. M.,R."EL'EASE OF HISTAMI~6 IN ANAPHYLAXIS 

Richet (1902) vas the first to make an analysis of the reaction to wh1ch 

he had given the name "anaphylaxie". He and other investigators observed 

that some anaphylactic phenomena had a slmilarity to immunologica1 processes. 

The statements of Dale (1920) help to clarif.1 th1s relationsh1p. 

"Anaphy1axis la not, as ital name vas intended to imply. 

the opposite or antithesls of immunlty but a phase in the 

development of immuntty in whlch the immune substance or ant1-

body has a pecul1ar distrlbutlon."---" Fundamentally, the 1mmune 



reaction of which anaphylaxis is a speciA.lized phase, reprcsents the 

need of tne specis s to prevent the permanent incori 'orat ion into their 

ceUs of protein having a different type from its own. 1I 
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Extending Richet1s observations, Bied1 and Kraus in 1909, and 

Arthus in 1910, reported that the fall of anteria1 pressure during 

anaphy1axis in laboratory animaIs occurred subsequent to the vascular 

reaction which they regarded as the most i!Irportant event. They be1ieved 

the fa1l to be due to a vasomotor paralysie not connected to the action 

of the heart. and suggested because of the striking resemblance of 

anaphylaxis to the shock caused by peptone, that anaphylaxis was probably 

a peptone intoxica.tion. \-J'hen Dale and Laidle.w (1910) compared these two 

conditions to those observed during histamine shock they suspected the 

former te be primarily the result of B. release of histamine. 

Because of the great number of papers written on anaphylactic 

reactions in the mammalien species only those portions whieh are ap­

plicable to the present investigations have been herein discussed. 

In particular, the steps leading to the release of histamine in ana­

phylaxis have been described in detail with emphasis placed on the 

systems whlch eventue.lly cause the release of histamine fr0m the body' a 

tissues. Together with the consid.eration of species differences t the 

significance of histamine in accaunting for the symptoms of anaphylaxis 

has been assessed. 

The release of histamine in anaphylactic shock will no"-' be described 

as 1t oceurs in various species. In moat ca.ses, unlese other,.,.iee specified, 

the antigen has been either egg-~hite or horse serum. It should be noted 

that a number of chemical substances are available to be used as sensitlzing 

agents in addition to various proteins. Arsenobenzene, for example, has 



23. 

been used by Simon and Staub, (1937) and many of the sulpha.-compounds 

are also potent antigens. (Boyd, 1947) These chemicals acquire their 

antigenic properties indirectly through binding with body protelns. 

(a) Histamine Release in Canine Anaphylaxis 

When an unanesthetlzed dog, sensitized to a forelgn proteln receives 

a week or so later, a second injection of the sa.me proteln, the dog becomes 

in most cases, acute~ sick. The symptoms observed are salivation, 

scratch1ng, vomitlng, defecation, etc. The animal may then collapse and 

diE:. or, after a period of coma, return ta normal. Some animaIs have 

only a mlld reection. Those animals that recover after a severe "shock" 

are usually refractory to subsequent doses of the a.ntigen. 

Under ether anesthesia, the anaphylactic dog exhibits a rapid fall in 

arterle.l pressure and this has been most often attributed ta an increased 

level of blood histamine. Lengthened coagulation times during the period 

of anaphylaxis have been shown to be due to the presence of heparin in the 

blood stream. Eoth heparin and histamine apparently enter the circulation 

from the liver; the organ primarily involved in the reaction. The livers 

of su ch anaphylactlc d ')gs are engorged w1 th blood and on gross observation 

appear very dark. Canine anaphylact ic b100d le markedly cy~~ for want 

of oxygen, and has a high hematocrit because 0f plasma leakage from the 

capillaries. The red cell count is relatively normal but the white cells 

and platelets are reduced in number. 

These fo11ows a more detal1ed account of these conditi~ns as they are 

fuund in canine anaphylactic shock. 'L'he description ls important beC8use 

of the simllarity of these conditions with those in which the reactions have 

been inltiated by "histamine I1berators". 

The earliest work by Manwaring on doga (1910) indicated that an organ 
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loce.ted below the diaphre.gm was responsible for anaphylactic shoc~. This 

was shown by a simple ligatlon of the aorta and the inferior vena cava 

after which treatment, when the antigen was given, no shock occurred. Two 

of his experiments indicated that the liver ws.s responsible for releasing 

the blood-borne toxic agent which caused the shock. Firstly, dogs with 

liver shunts did net manifest anaphylaxis. SAcondly, in cross-circulation 

experiments between normal and sensitized liogs he found a fall in arterial 

pressure in the normal animal-supposedly due to the blood borne toxine 

Voegtlin and Berheim (1911) were able to confirm Manwaring's first obser­

vation using doge with Eck fistulas. However, Weil (1917) and W'eil and 

Eggleston (1917) claimed that in the second experiment i,he normal animal' s 

arterial pressure would fall by the. drainage of blood into the anaphylact ie 

animal. Weil a1so found that no toxin could be liberated by perfusing normal 

or sensi tized livers with b100d conta.inlng antigen. 

Mamiaring (1921) produced evidence thet a vasodilatlDr substance was 

produced in the dogs liver during the anaphylaetic reaêtlon but this (or 

hypotension) did not oceur when doge were hepatectomized. Comparing the 

action of histamine in large doses to that manifested in anaphylactic and 

peptone shocks, Hanwaring found that hepatectomy reduced the severity of the 

peptone reaction. He felt ths.t the three conditions: histamine; anaphylactie­

and anaPhYlactoid shock so alike in symptoms were probably not initially or 

fundamentally identical physiological mechanisms. 

By using the lower quart ers of a normal dog and the top half of an 

anaphylactic animal connected only by circulation Manwari~g and associates 

(1925) produced more evidence that a smooth muscle stimulating substance, 

not unlik6 histamine. eirculated in the shoeked anilJl.al. However their only 

criterion .,;as the appearance of c 'mtractions of the bladder and intestine. 

A toxin had certainly been elab0rated but its nature we.s still in doubt. 



25. 

A marked increase in the flow of lymph from the thoracic duct in 

anaphyla~is or with obstruction of the hepatic veins was noticed by a 

number of workers (Calvary 1909) (Peterson and Levinson 1923; Slmonds 

and Brandes 1927). 

Dragstedt and Geba,uet' Fuelnegg (1732a) were prompted by these ob ... ·· 

servations to look f ·, r an anaphylatoxin in the thora.cic lymph duct. A 

smooth muscle stimu1ating agent was found t o appear rapidly as the reactlon 

developed. They (Dragstedt and Geba~~r Fue1negg 1932 E) were able to show 

that the substance exhibited properties very similar to those of histamine. 

It was a dia.lyzab1e crystalloid of basic properties, stable to boiling with 

acid, c0ntracted the guinea pig gut but not that of the mouse, lowered the 

cats arterial pressure and produced histamine-like wheals in huma.n skin • In 

1936 Dragstedt and Mead showed that the enzyme histaminase was able ta 

inactivate the substance responsible f or these effects. 

~nile some warkers were attempting ta find and identify substances 

responsible for the symptoms of anaphylaxis, others focussed thelr attention 

on the liver as the active site of the reaction. In 1925 Manwaring had 

shown the sensitivity of a d"g t 0 antigen lttS almost limited ta the liver cells 

(Manwaring, et al, 1925). Watanabe (1931) reported the apparent 10ss of a 

high percentage of liver hista~ine during anaphylaxie but his values repre­

sented group results and did not reflect measured changes in any one anime1. 

It is now generally accepted that in the dog the major anaphylactic rea.ctions 

are associated with the liver even though S:>me manif&stations undoubtedly 

occur in the absence of this organ (Davidnff, Kopellof, 1931). 

Dragst ,~dt and Iv1ead (1936) tested blood samples for histamine in a 

large numbar of dQgs in anaphylactic shock a:1d 'flera able to ascertain 

how much histamine was elaborated daring the reactiou subsequent ta its 

iniation. By comparins the rate at which injecti?à. histamine disap-
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~~ ~r~d from the b100d they concluded that the vascul~r rGaction in ana­

p1ylaxis c0u.ld be completely acc0unted for by the amotll1t of histamine 

thus com~uted. Code (1939) confirmed this evidence using an impraved 

method of histamine purification. 

Oode & Ing(1937) were able t o isolate crystalline histamine from ana­

phylactic bl'Jod. Code (1939) found th9.t dog blood histamine increased 

almost one hundred. times, very quickly after the antigan was administered 

reaching a value of 1.0 ug/ml. The disappearance of this histamine 

differ~d · from that of injected histamine in that it ramained at a 

supranormal level f I) r 2 or more hours. This su,,:gested a short "ex­

plosive" ralease followed by a long lasting slow output. 

In 1924, l'lebb was able to demonstrate histolog1cally an enormous 

accumulation of leucocytes within the liver parenchyme of the dog during 

the leucopenia of anaphylaxis. Later Kinsell and associates (1941) formed 

a theory correlating the disintegration of plate1ets and leucocytes with 

the 11beration ~f histamine. Their experiments, however were d0ne on 

rabbits and it is not so easy ta apply this theory ta explain liberation 

of histamine in the dng where platelets are relatlvely scarce. f-1uch 

earlier, ~olf (1908 and 1910) had shown the.t in b c:> th a.ne.I-'hylactic and 

peptone snock, a proteolytic enzyme 15 activated. :Sut \'Ihether thF: èri.gourgement 

ofthellvel' vith white cells and its release of histamine by proteolysis 

cou1d be reconciled in o:le scheme was barely attempted until very recent1y. 

Rocha e Silva and co-workers (1951) have c0rre1ated many of the con­

ditions in which histamine 18 released by post,llating the presence in eir­

cu1ating blood of a powerful histamine releasing a,c;;ent ",hieh i8 easily 

activated in these phen0mena. Their ex-periments (Rocha e Silva 1950) 

have aseribed t a platelets and white cells a role of pa ram0unt imnortanee. 
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It had been known that often an antigen did not cause a fall in blood 

pressure (Fid1ar and Waters 194.5) but there was a consistent reduction 

in circu1ating platelets and white b100d cells. With peptone the 

constant shock was a1so accompal1ied by a fall b. these e lements. Ojers 

et al (1941) have also suggested that a blood constituent is necessary 

for a maxiL'lUm release of histamine in anaphylact le shoCt:: in the dog. 

Rocha e Silva (1950) found tba t anaphylactic shock in the dog waS 

paralleled by a massive disintegration of the cells and platelets clumped 

together in the liver. The presence of a responsible fibrlnolytlc enzyme 

within them wes indicated and subsequent experiments provided sufficient 

proof of this. The manner by which the antibody-antigen reaction sets off 

the clurnping-disintegration ~echanism of thR leucocyt 2s i8 not yet known. 

Concurreatly with histamine, the re1ease of heparin from the liver 

of dogs during anaphy1actic shock i8 no1.<\' a lIell known fact. The striking 

108s of coagulability of the b100d dllring anaphyll:lctic and peptone shock 

was noted by many of the ear1y workers notably Biedl and Kraus, and Arthus. 

This 108s of clotting power was attributed to a variety of fact ors but 

~aters, Markowltz and Jaques (1938) lIere the first to demontrate an increa6ed 

titre of heparin in the blood of such animale. Jaques and Waters (1940) 

completed proof by isoleting c~ysta11ine heparln from anaphylactlc blood. 

Best and co-w0rkers (Best, Co\~. Maclean, 1938) have noted that while 

the release of heparin la very intlmately associated with the re1ease of 

histamine in these conditions, there 15 no reas "'n to suppose that 1t con­

trlbutee to any of the vascu1ar or other symptoms. 

The regular occurence of both histamine and hepnrin in these conditions 

has led to the theory of a common cellular origin. A recent investigation 
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by Riley and West (1952) has shawn a high correlation in many tissues. 

between the number of mast cells and the measurable amount of histamine 

and heparin. 

( b ) The Release of Histamine in Guinea Pi~ ~h:dRXis; 

Auer and Lewis (1909; 1910) were the first to analyse the physiological 

machanism involved in anaphylactic shack in the guinea pige They dem0n­

strated that the respiratory difficulty and asphyxia were due to a 

swiftly developing ste!losis of the bronchioles which prevented the ax­

change of air even during violent respiratory efforts. Dale (1912-13) 

later demonstrated that this 1>ronchospasm could be reproduced in the isolated 

perfused Iung and thus c(~nciudod that nervous influences did not take part 

in the reaction. 

\-lUh the guinea pig anaphylactic condition clearly . defined as involving 

the contraction of smooth muscles alona, it was naturel to look f 'jr the 

toxins responsible for its geneais. Rirschfeld and Hirschfeld (1912) tested 

serum and blood samJles from anaphylactic guinea pigs for this type of 

substance but were unab1e to reach definite conclusions. Watanabe (1931) 

decermined the amount of hiscamine like material from many guinea pig 

tissues before and after anaphylaxis and f 'lund significant changes especially 

in lung tissues. However the s reat variation found in control animaIs pre­

vented them from concluding that histamine was released during the reaction. 

Failures by Rigler (192? ) and Daly, Peat, and Schild (1935) te confirm 

Vlatanabe' s indications were pointed out by f.<IacKay (1938 ) to be due to the 

extreme variability in normal histamine levels of ,::',U inea pig lungs which may 

hold 7 ta 38 mg. of histamine per Kg. of tissue. 

Bartosch, Feldberg, and Nagel (1932) were the first to demonstrate 

histamine re1ease by perfusing the lungs of a sensitized guinea pig with the 
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antigen. Except for ch~mical isolation of the active ingredient, a 

n1.ll!lber of tests provided excellent praof that it was histamine. Daly 

and SehHd (1934) confirmed these Jesults and also shO"lred that the aet ive 

substance was inactivated by histaminase. For two lungs they found 1.7 

to 12.8 ~g. could be released by the perfusing antigen. Sehi1d (1936) 

f01md similar r esults for passively sensitized animaIs. In these expe­

riments a. striking correlation was found to exist beb/een the degree of 

bronchoconstriction and the amounts of histamine released. 

SchHd (1936) produced shock in two perfused guinea pig lungs with 

1 and 10 ~g. of egg albumen respectively, and by accounting for the amount 

of histidine in the antigen, being 2.5% of the egg albumen employed 

(Calvery, 1931), he showed that its decarboxylation during the perfusion 

could not account for ~ore than l~~ and 16% respectively of the nistamine 

found in the perfusate. Thus he had proven that the histFlmine was derived 

from the lung and. not from the ant 1[;en. 

The following paragraph ia ta:~.;!n frm:. a rn' i c \! 'b~r ieldberg (1941) 

"There are resr onses su ch as that of the guinea pigs' uterus 

POiSOl1E:: d by histamine which are difficult ta expIa in on the assumpt10n 

that histamine is the sole factor responsible for all anaphylactic 

contractions hut these instances do nat inva.lidate the evidence that 

release of histamine is mainly responsible for the norma.l anaphyla.ctic 

corttra.cti 'î l1 of those muscles that are sensitive to histamine. The 

b'uinea pigs'. uterus, for instance. contains bet'l;een 9 and 20 flg/Gm 

tissue, 0.6 to 2 ~g of which are given off if semples of the tissue 

are bro1.l;j1l; into 8. solution c·'ntaining the antigen. A solution 

contain1ns less then C.l ~g/cc 18 usually sufficiElI1t to contract 

the muscle. The guinea. pig's small è,ut has about the srune histamine 
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equivalent on extraction but Schilo. (1939) coulè. detect no histamine 

if samples of this tissue from a sensitized animal were brought into 

a solution containing the antigen. 1ie do not know whether for 

anatomical or other rea.sons the released histamine i5 unable to 

diffuse into the bath fluid, or if there is a Great quantitative 

difference in th0. actual release from these tw~ tissues in Which 

the anaphyla.ctic reactions appear to be so sirr.ilar. The fact that 

desensitization takes place indicates tha.t the ant ie;en-antibo dy 

reaction has ~ccurred." 

Adding to these remarks Schild and co-workers (Schi1d, Hawkins. 

Mongar . B.nd Herxheimer. 1951) say that histamine is ::Tobably the factor 

initiating the contraction duriq:;-: anaphylaxis. and suggest that the 

release cf a large am"unt of histamine close to recept0r groups offset 

any other influences on the muscle. 

In guinea pigs, the acute anaphylactic shock with its fa t al bron­

c.hoconstriction can be wholly ilIiitated by the action of histamin8 which 

tnereby is held responsible by most investigators. But histamine does not 

bring about the si;rikiüg eosinophilia nor the chronic histolo5 ical changes 

of the lungs caused by anaphylaxis (Kalos end Pacel, 1937). Feldberg (1941) 

considers these reactions to he direct effects of ln jury by the antigen 

and asks if peptone causes such chs.nges. In p2~r t ial answer, out in another 

species, Scroggie 8.nd co-workers (1947) found that platelets and leucocytes 

were grea.tly reduced in dogs after they had received injections of peptone, 

the reduction being accompanied by marked eg~ll:.tination of the platelets. 

Bosinophilia was not specific8.1ly noted during this condition. Dworetsky and 

associates f ound that the great decrease in eosinophils due to cortisone or 
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ACTH treatment did not affect the severity of anaphylactic shock in 

guinea pigs. (1950) 

Ke11away and Trethewie (1940) found that arter perfusion of guinea 

pig lungs with antigen, an unidentified substance causing "slow contraction" 

of the suspended guinea pig ileum W8.S in the solut ion as well as histamine. 

They identified the substance as being that 'fhich ",as also formed by the 

action of venoms on lipine. It may have been peptone. They concluded that 

the anaphylactic contraction of smooth muscle was in part due to 1iberation 

of histamine and probably, in part, also to the "slow reacting substance" 

which was liberuted, net formed, in the antigen-antibody phenomenon. 

Campbell and Nicoll (1940) seem to have dealt with the same agent and discuss 

the possibllity of its being a cholbü like substance. Recent1y :Brocklehuret 

(1953) has conducted further tests te identify this slow-reacting substance. 

His work thus far has differentiated the substance from other tissue sub­

stances such as 5-hydroxytryptamine (serotonin) Substance P. and Bradykinin. 

The possibility that heparin may have been liberated in the guinea pig 

anaphylactic reaction has been entertained by some authors who occasionally 

noticed an incoagulability of guinea pig's blood. ( see Dragstedt for 

references, 1941). 

Simon and Staub (1937) were apparently the firet to detect increased 

qua~tities of histamine in the blood of intact, anaphylactic guinea pige. 

Their animaIs were sensitized to and shecked 'tlith tue chemicEü substa.nce, 

arsenobenzene. Code (1939) repeated their observation with serwn-sensitized 

animaIs and found the "blood his+.amine" to be increased of tissue histamine 

but Katz (1940) observed a release of cellular blood histamine into the 

plasma when antigen was added in vitro te sensitized guinea pig blood. 

According to Code(1952) this wou1d probably mean particular1y in Katz's 

experiment, that the histamine was relea,sed from ei ther the granular series 

of leucocytes, 
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or from the platelets. 

Schi1d (1939) found that temperatnre was a critical factor in the 

ra1ease of histamine in anaphylaxis, and that 10w temper.atures prevented 

a maximal 1iberation. Re1ease also occurred in tvo stages. An initial 

reaction during the first few seconds contact vith the antlgen requiring 

higher temperatures perhaps represented.the actual re1ease from the cells. 

A second slover phase able to procede at lover temperatures represented 

diffus10n of the re1eased histamine from extra cellular spaces into the 

f1uid bath. These observations can be compared vith those of Pickering 

(1952) who considered that the more immediate responees of anaphylaxis 

vere due to antlbodies acting on the 0utside layer of the tissue celle 

while delayed responses were due to cellular reactions some distance from 

the surface. 

The desensitizatlon whlch fo11ows anaphy1actic shock has been a8-

cribed to either saturation of the antibodies (Ungar, 1944) or to the 

exhaustion of the histamine supply of certain ce11s(Dragstedt, 1943; 

Mead, Dragstedt and Eyer, 1937). Selye (1937) suggests the possibi1ity 

of "adaptation" to the "alarmingM stimulus. 

(c) The Re1ease of Histamine in Rabbit Anaphy1axis. 

Arthus (1908-1909) made the tirst experimental study of anaphylaxie 

in the rabbit. The reactlon revea1s itse1f either as a local or a general 
, 

manifestation depending on the route of admlnistra~tlon of the antigen. The 

local reaction ie termed the "Arthus Phenomenon" but this appears to take 

place without the participation of histamine. At the injection site during 

this manifestation an oedematous infiltration ia fo11owed by the appearance 

of a sterile abscess or gangrenous slough. 



lntravenously, the antigen causes a rapid prostration of the animal 

with hyperventilatlon, ei~ml1ation of urine and faeces, hyperaemia, and 

then anaemia of the ears. Heart failure and agonal convulsions terminate 

with the animal~ death. The cause of death is not bronchospasm as in the 

guinea pig but a marked dilation of the right heart ending in cardiac 

failure (Auer, 1911). The dilation la caused by a spastic contraction 

of the emooth muscle of the pulmonary arterioles. (Slmonds. 1919; Coca, 

1919). 

Many investigators have Indicated that rabbit anaphylactic reactions 

are consistent with the pharmacological effects of histamine (Dale and 

Laidlaw,1910 - 1911; Bally, 1929; Rocha e Silva, 1940). The loss of 

"blood histamine" during anaphylaxis (Rose and Weil, 1939) from the 

rabbit's circulation appeared to contradict these early reports but later expe­

riments (Barsoum and Gaddum, 1935';. Code 1937) showed that rabbit blood 

cells vere actually the source of the histamine released during anaphylaxie. 

In this way they act much the sarne as dog liver cells and can be considered 

to be the "shock organ" of the rabbit. 

Goetzl and Dragstedt, (1942) have shown that peptone reproduces 

anaphylactic symptoms in rabbits inc111ding the release of histamine. 

Althuugh part of the "blood histamine" seemed to be due to mechanical re­

moyal of the leucocytes and platelets the main reaction Is yrobably because 

of rapid diffusion af histamine from the cells to the plasma (Katz. 1940). 

In anaphylaxis. the decrease in leucocytes was a1so thOllght ta cause this 

10ss in blaod histamine (Feldberg, 1941). Accor6ing tn Beldberg, the ac­

cumulation of leucocytes which oceurs at the vascular wall during the 

anaphy1act1c contraction of the arterles (Abell and Schenk. 1938) should 

be regarded as a response of the leucocytes to the in jury. 



Abel and Schenck also showed that during rab bit anaphylaxis the 

leucocytes become sticky, adhàring in clumps to the endothelium of liver 

vesseis in many cases forming leucocytic emboli which obstruct them. This 

clumping was later shawn to happen in the dog in a similar way (see Rocha 

e Silva for details 1950). 

The only real1y positive evidence in sensitized rabbits concerns the 

release into the plasma of a considerable fraction of the cellular his­

tamine when antigen is added to the blood (Dragstedt, Ramirez and Lawton, 

1940; and Katz, 1940). Dragstedt et al, calculated that the in vivo 

release of histamine, after making in vitro observations, would be 0.1 

to 0.3 mg/Kg. of bo~ weight, an amount qulte suffiaient to account for 

aIl anaphylactic effects. 

Kopeloff and Kopeloff (1941) and Kinaell and aesociates (Klnsell. 

1941) have shown that a decrease in platelets is direct1y proportional 

to the gravit y of anaphylactic shock in rabbits and also in monkeye. They 

correlated the rupture of platelets vith the liberation~ histamine. 

Zan, Ceder, and Grigler (1939) have made the most conclusive etudies 

on the histamine content of rabbit platelets. After fractional cent ri­

~~ation of the blood there vas a high correlation between the number of 

platelets in suspension and the amount af histamine in the fluide Anti­

platelet serum injected into rabbits caused decisive but not parallel drops 

in bath the number of platelets and the blood histamine concentration. 

Fur ther work by Rose (1941) has shawn that in rabbit anaphylaxie 

a decrease in histamine also occurs in such tissues as the lung, liver 

and spleen and others have indicated that the rabbit lung released a small 

amount of histamine (Dragstedt et al, 1940, Katz, 1941\Rase and Leger (1952) 
/ 
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have lately presented evldence that the rapld disappearance of histamine 

in plasma and also in other tissues may be due to the increased activation 

of histaminase. Earller Dragstedt reported complete failure to reduce the 

histamine content of tissues vith histaminase (Dragstedt. 1943). 

Preservation of platelets by oxalate and citrate has b~en shown to 

prevent the release of histamine from rabbit celle. (Mclntyre, Roth, 

and Richards. 1949).Heparln preventa thi! release to a smaller extent 

(Dragstedt, Wells. and Rocha e Silva. 1942). According to Rocha e S11va's 

concept (1952) these substances act by preventlng the release of a certain 

factor from platelete that is necessary for anaphylatoxln formation. 

While RoCha e S11va (1950) agrees that the vhite blood elements 

are the most important Single constituent in rabbit anaphylaxie he pos-

tulates that their role in other species ls one of providing, subsequent 

to their disintegration. an &ctivator of the serum protease which causes 

the release of histamine and other anaphylatoxins. Evidence for the 

presence of sucp an activator has been provided by Scroggie et al (1947). 

They have found that activation of serum protease in peptone shock ia a 

step in the release of histamine by rabbit cells. and it is possible that 

this mechsnism also oceurs in anaphylactic shock. On the other band. 

Mclntyre. Roth and SprouU (1952) did not deteot the presence o~ an ae-

tivate~ plasma protease either during fatal in vivo shock or ln ln vltro 

releAse of histamine from rabbit cells. Activation of the plasma protease 

by streptokinas8 was not folloved b,. other anaphylactic symptoms in yiT'" ~ . 
. . i . 

or Inyitro. The plasma protease theory of anaphylactic ehock vas therefore 

not tenable. 

(d) the Releaee of Histamine in Anaphylaxie of Other Specles. 

A great number of exper1ments have shown that anaphylact le el10ek 
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in some other species probably causes the release of histamine. However 

all evidence to date seems to be circumstantial and the release of histamine 

during anaphylaxold states in these animaIs has not deflnitely been thovn. 

In experiments on the rat Kellavay (1930) ehowed that histamine pro­

bablT dosa not take an act1ve part in the anaphylaxis of that specles. The 

lsolated uterus of a sensitized rat responded by oontraction to the antigen 

but histamine in moderate doses produced on~ relaxation. The relative · 

1nsens1tlvity of the rat t0 both anaphylaxis and histamine Is probab17 

significant. The lethal intravenuus d0se for the white rate ie 300 -C/Xg 

(Voegtin and Dyer; 1924) andittedoubtful that the rat cculd releaee that 

much histamine during anaphylaxie. Suden, (1934) has observed blood 

pressure falle during rat anaphylaxis elmilar to that cauaed by h18tamlne. 

Likew1ae the mouse '18 extremely res1stant to any sensitization and many 

have attributed the great difficultT in 1nducing anaphylaxis in them to 

their low sensltivity to histamine (Mayer, 1950). Mayer states, MSince 

the total histamlne content of the normal mouse ia approximately lOmg. 

of histamine per kg. of body weight and since mi ce present the firet slgne 

of histamine shock on17 when 100 or more mg. of free base are injected, it 

ia rather improbable that histamine 18 involved in mouse anaphylaxie M• 

The etudies of Saunders (1951) indicate that the mouse haB an 

extremely active adrenal gland and ta this i8 attrlbuted the reslatanoe 

of the mouse to botb anaphylactic and histamine shock. Lethal dose. of 

blstamine for rats had previou81y been shown by Wyman and Suden (1937) to 

be decreased in adrenalectomlzed animale. Also, Perry and Darsie (1946) 

had shown that adrenalectomy ln the mouse greatly enhanced the possibility 

of evoking anaphylaxie. Thua Saunderatwork lndlcatee that histamine may 

pOBBlbly be the mediator of anaphylaxie in the mouse. 



37. 

Cats have been sensltized only with difficulty by a number of warkers 

(See Dragstedt for refs., 1941) but even though effects analogous ta thoee 

caused by histamine oceur during the shock lt has not been proven that 

histamine ie released. Some of the authora have notieed an inereased 

e10ttlng time of the b100d in cat anaphylaxis. 

(e) The Release of Histamine in Human AnaphYlaxie: 

Anaphylaxis is a class of hypersensitivenees confined mainly to 

lower animals. In man this term i8 not usually em1.Jlo1'ed having commonly 

been replaced by the word lIa11ergy". However, this doea not carry the 

meaning that "anaphylaxis" holds for animaIs because "allergy" is a180 

employed to define the abnormal reactlon of tissues ta physical and 

chemical stimuli. The distinctive type of human bypersensitivenese cor­

responding to anaphylaxie ls deslgnated as "atopy" and includee hay fever, 

9.sJihma, atopic dermat it ie and urt icarla. 

It is a rather weIl known fact that histamine administered either 

locally or generally produces many of the effects of atopy. This was 

realized quite early by Lewis (1927) who found evidence for the release 

of histamine in many skin reactions. He said nit would be gratuitous 

here to postulate more than one substance (released) sinee one suffices". 

However the actual release of histamine has 0011' been demonstrated in a few 

of these reactions. The reasan for this has either been due to the lack 

of a sensitive method for determining histamine orbecause af the few op­

portunities available for the clinician to take blood samples bafore and 

during spontaneous asthmatic or other atopic,attacks. Data ia usually 

obtained from laboratory investigations on leolated blood or tissue aamples 

where the patient ls not exposed to the dangers of an indueed general reaction. 



38. 

In humans the reaction may appear in any number of forms and this 

is governed by the antigen and the route of its entry. r-fost charactis­

tically the allergie response ls a localized tissue oedema or increased 

activity of smooth muscle. Thus ln the nose there 16 obstruction and 

sneezingj in the bronchioles there is ccugh, ~spnea and wheezing; and 

in the intestine colicl\y pain and diarrhea may result. Skin reactions 

are red, itchy or burning areas, not unlike those caused by histamine. 

Frequently blisters appear. In the reaction known as "serum sickness" 

the symptoms of urticaria fever and joint pains perslst for several deys. 

For other details on allergens 1 symT·tomolcgy and routes of sen­

eitization, the reader Is refcrred ta the monograph by Feinberg (1946). 

The first definite suggestion that human hypersensitiveness, hay­

fever, W8S related to anaphylaxis in animals was made by \"lolff-Eisner 

(1906). Soon it was suggest ed thpt asthma and other phenomena could be 

similarly explained and the field was rapid1y over run with a 1ist of 

conditions having the now-familis,r SymptOlTlE. HOl'le'Ver, proo! 'Jf their 

relai; ionships through histamine has only partly bean r ealized. 

Lewis and Grant (1925-1926) found thet local reactions in a person 

sensitive to fieh extracts were identical with tuose caused by histamine 

but this cid rrot constitute sufficient proof that. hi3tamine ':;as involved 

in the r3a-::ti0!l. Cerqua (1936) was the first to demonstrate that b100d 

his Lamine increased during urticaria1 attacks. Soon manyothers (Tarra.s­

~:'ieblberg, 1937; Cappa a.nd Young, 194.0; REndolff and Rackemann, 1941) 

reported fi~ding an increased level of blood histamine associated with an 

exacerbation of symptoms in allersic :patients. Host recent1y .Adam, Hunter 

and Kinnear (1950) have made observations on the urinary excretion of 

histamine in urticeria. Their evidence supports the conception the.t h1s-
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tamine is either liberatedar newly formed in this condition but because 

of the 10w sensitivity of their methods no definite conclusions ca.n be 

dra'tm. 

Katz and Cohen (1941) reported that the addition of the specifie 

allerge.n to the blood of allergie patients caused a release of histamine 

from the cells to the plasma. The increase of plasma histamine was 

160-900%. l-ater, Katz (1942) reported that the application of the 

specifie antigen to the denuded skin of allergie patients resulted in the 

sharp increase of histamine released from the area tested. He also noted 

the parallel release of a "slow reacting substance ll • Although there seems 

little reason to doubt that the active substance actually was histamine in 

none of these cases could the identification be clearly established. 

Receni;ly Schilè.. et al (19.51) have probably made the most significant 

studies of human histamine release. They inv6stigated II whether isolated 

bronchial rings, obtained at operation fr~m a patient with asthma, would 

contract in the presence of specifie antigen and be desensitized after the 

first addition of the antigen; whether histamine would be released from 

bronchial end lung tissue in the course of the reaction; and \"hether allergie 

broncho-constrict ion eould be suppressed by anti-histamine drugs". 'fheir 

results showed that the branchial preparation 'liaS desensitized after a single 

dose of one anti ,~~en although it responded to a second specifie antigen. 

Histamine ",as released during the response. Antihistar;linic drugs in ex-

tremely high coneentr2.tions (10,000 times those required to antagonize the 

effects of added histamine) antagonized the response of the allergie tissue 

ta antigen. The neeessity for this high c'mcentration of Mtihistamine, 

they explein, was probably due to histamine "re.leased in concentrations 
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which aré presumably very large locally, requiring large concentrations 

of antihistaminic drug to antagonize it. 1I 

In this sacdon the author has attempted to provide a basis for 

the comparison of other conditions in which hista:nine is relea.sed to 

anaphylaxis. In doine so it has been shown th~.t in the phenomenon of 

anaphylaxis in va:r.ious species there are a great many similarities. One 

of the most obvious of these is the release of measu1'9.ble amouncs of 

histamine. This has been shown to oceur in every species tested with 

the possible exceptions of the mouse a.nd rat. The release of one 

or :nore "slow reactin€,' '' substances has also bean shown to oceur in most 

species dèlring anallhyle.xls. The possibility that heparin is released in 

this condition in the dog and guinea pig has been shown by the experiments 

of SOJ:le authors. The participatio'l of certain blood elements in the re9ction 

has been extensively studies and most certairlly occurs in the dog and rabbit. 

For several species, evidence has bee 'l produced ta suggest the activation of 

a. serum or tissue proteolytic enzyme and its participat ion in the anaphylactic 

reactinn. 

Besides these fact :; rs the symptoms of auaphylactic shock can sometime 

be compared froffi species te sDccie s. The exhibitio 'l of t~'lese same symptoms 

following the injection of histamine pr0vides anot~er reason for believiog 

that th!'; Ilnaphyle.ctlc syndrome in many Sl)ecies 15 cau sed. by the release of 

large (7) quant ities of histamine. 

In almost every insta'lCù whe re U41 aniroal "r isolated tissue has recc'vnr8d 

from a pr0found anaphylactic reaction, subsequGnt injections of the anti,ssn 

produce no effect. Tl~ is IIrefractoriness" usually passes off, in , .. hole 

an i1Ik<üS, after a f e,,: days. The red'.lctlon of 1'tnaphylactic symptoms in many 

species b.:r other subs Gances, espechüly the antihistamines 15 also sug-gested 

to be du.:! to a s imilarity, in the species, of the mechanism of anaphylaxis. 
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3. THE RELEASE OF HISTAMINE IN TRAUMA. 

This section 18 separated from the fol1owing ones by arbltrari~ 

assuming in them that a number of influences may cause the release of 

histamine without damaging the tissue in question. In many instances 

this difference is an extremely smal1 one and will seem to app1y in name 

on1y. 

(a) Histamine Release by Mechanica1 Injury: 

Ml1d tissue injur.y such as stroking the skin was shawn by Lewis 

and Harmer (1926) t o cause the release of a histamine-like vasodilator 

substance. The flushing of the face and hand and aiso the skin temperature 

rise were similar ta those caused by histamine. 

Even though in jury of the cell by sand-grinding tissues into very 

sma11 particles liberates histamine, Trethewie (1938) has shown that 

the smallest cell fragments may still retain mach of their histamine 

content. Thus the histamine cannot be regarded as simply existing in a 

freely diffusil.ble form in the celle 

It is important to notice that not even in anaphy1actic shock nor 

by the action of "histamine releasers" (next section) is more than a 

certain percentage of tissue histamine re1eased (Mongar and Sch11d, 1952). 

If tbese reactions are regarded as being similar to each other causlng a 

limited amount of cellular in jury then only complete cell déstruction wou1d 

release all the cell histamine. 

Witb refere~ce ta the rabbit blood cel1s, Code (1952) states that 

they are extremely susceptible to mild trauma. The following quotation 

(Code, 1952) i11ustrRtes the dangers involved in taking rabbit b100d 

samples: 

"The b100d should certainly not be exposed to surfaces upon 



whlch the platelets or white cella may adhere. Dry wettable 

surfaces such as those offered by dry syringes, dry tubing or 

glassware cannot be used. AlI surfaces touching the blood must 

be non~~etting. Even~rands of fibrin or small bubbles in needles 

or syringes may alter the distribution of histamine by providing 

surfaces to which the cells may adhere. Any shaking of the blood 

must be avoided. The plasma, too, should be separated immediately 

after the b100d is drawn since the distribution ofhista~ine may be 

altered by standing. Chilllng the blood may also aid in preserving 

the normal distribution". 

Code (1937) could not find any difference in "total blood histamine­

after the c10tting of rabbit blood. During the process of coagulation, 

however, there was a shift of histamine from the cells to the serum. 

A number of papers and reviews (See Best and McHenry, 1931) have 

emphasized the simi1arity between wound shock and histamine poiaoning. 

Extracts of 1acerated, autolysed or bruised tissues have been shown to 

produce the sPJne histamine shock-1ike condition. Bay1iss and Cannon 

(1919) were able to demonstrate the presence of a histamine-like sub­

stance in the blood strea~ following the crushing of denervated 1imb 

muscles. However, other evidence has indicated that the fall of blood 

pressure in traumatic shoc~ in animaIs can be attributed to the loss 

of blood and tissue fluids into the de.mages t issue and not ta the absorp­

tion of toxic substances. 

(b) Release of Histamine by Burning 

The release of histamine in cellular injur,y by bu~lng had besn 

studied by a number of investigators. Lewis and Grant (1924) were the 

firet to make a study of the process but they could on1y postulate the 
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release of a histamine-like substance. A minute skin hurn was shown to 

reproduce perfectly the effects of intreder~ically injected histamine. 

In severe burns in humans, Rose and Browne (1942) found a definite 

increase in blood histamine within one hour after the bum. Then, with 

toxaemia and eedema the histamine level decreased. They also noted a 

correlation between the degree of the burn and the histamine level of 

the blood. 

Harris, (1927) has shown that the burning of cats skin caueed a re­

duction im ekin histamine content. The lOBS of histamine only occurred 

subsequent to oedema formation and wae not observed if the skin area was 

removed immediately after burning. Kisima (1938) showed that dogs would 

not suffer from burn shock if the burned area was removed directly after 

in jury. This treatment, as shown by Dekanski (1945) prevents the effects 

of liberated histamine. Dekanski demonstrated that extensive cutaneous 

burns in mice increased the formation of new skin histamine very rapidly. 

In 10 minutes the histamine content of the whole mouse was duubled. However, 

he has not ventured to guese the source of this new histamine. Perhaps 

it was the result of histidine decarboxylation. 

In another paper Dekanski (1947) states that only with 60°C burns 18 

the skin histamine increased. With 800 e and 140°C bums the histamine 

present slowly disappears. He believes tbat the histamine formation 

"depends on the activity of irritated living celle". Dead celle he noted, 

formed none and whatever histamine they did contain was lost and destr9yed 

or reabsorbed. 

Histamine-like-activity has also been found in the perfusion fluid 

of the isolated bumed cet heart (Bennet and Drury; 1931) and in venous 

perfusates of hind extremities of animaIs that had received skin burne 

(Nagamitu, 1935). 



Further work by Dekansid (194-9) indicates that the effects of 

burning to release histamine may be medie.ted by the substance "leucotaxine ll 

(I-Jenkin, 1937) This substance, a polypeptiè.e, having 8-14 amino acid 

resid.ues and a molecular weight of about 1500 ( Miles and iHles. 1952) 

has just lately beeu shown to cause the release of histamine (1953: 

pGrsorlal commmicat ion from A. L. ('~rossberg ). A short t ime earlier. 

Beloff and Petera (1944-1945) found that after burning the tir,sues 

contained s. "liberated enzyme ll resembling trypsine This they claimed 

was the "burn toxin". It 18 doubtful that this "proteinase" has any 

relation to leukotaxine which possesses no enzymatic activity. Feldberg 

(1941) has noted that s.ny factor such as heat which altera the structure 

of either the lipins or the proteina of the tissues would probably releaoe 

histamine. It ia also ta be remembered that just such a technique has been 

employed as a method in the extraction of tissue histamine for a number 

of yesrs. 

(c) Histamine P.elease by Irradiation 

Lewis and Zotterman (1926) were the first. tosugg~st thl3t the vaso­

d.ilatation in human skin subsequent te eX-l)08Ure ta sunlight or ultra-

violet light might ne due to hista~ine. With a very intense localized 

eXIJosure they were able to follow the course. through the lymphatic channels. 

of the vasodilator substl.'.nce ele.borated in the skin. by chartine the êila.­

tation~ the overlylng skin vessels. The S8me dilatation wou1d also occur 

with administration of histamine under the skln. 

In Lewis' monograph (1927) further evidence links the effects of ultra­

violet light. X-Rays and radium e~nations with those of more quickly 

acting stimu.li. In aIl these instances the vessels \-rere found trI be 1aft 

in a cnmmon state of refr8.ct -,rincss te histamine and irresponsiveness 

to vas0constrictor substances. 



The production of histamine from histidine by ultra-violet light 

at 250 ~ was demonstrated by Ellinger (1928) who believed that histamine 

was formed by the decarboxylation of histidine. He also believed that 

histamine did not exist in the tissues as Bueh but only occurred with the 

dece,rboxylation. However, Bourdillon..at.al (1930) produced evidenee that 

whereas ultra-violet light of a wave length under 265 !7l1 could produee 

histamine from histidine, such light eould nat penetrate human skln and 

was also not present in sunlight. Theae authors therefore held it more 

probable that the irradiation liberated preformed histamine. 

Summing up the evidence Laurens (1941) states: "From the amount of 

energy eonst1tuting the minimal er,ythemal dose and the abs01ute quantum 

efficiency of the total photochemical changes in typical proteins and the 

concentration of protein decomposition products, the direct photochemical 

production of H-substance from the proteins of the stratum mucosum ie reason­

able from a quantitative point of view". 

(d) Histamine Release by Chemicals 

Lewis (1927) found that whatever the nature of the provocative 

injury-mechanical, thermal, electrical, chemical or photochemical, the 

reaetion wes always the srune. He believed that this reaction, the triple 

responee, was caused by a chemical stimulus. However, he !lad no proof for 

his belief. His only data eonsisted of a long list of substances which re­

produced the effects caused by histamine. These were ~drochlorlc acid, 

sodium hydroxide, si1ver nitrate, copper sulphate, mercury bichloride, and 

alcohol. These substances were thought (R1deal, and Schulman, 1939; and 

Feldberg, 1941) to act on the lipoproteinic structure of the cell in which 

the histamine was anchored. It ~hould be remembered that some of these 

substances are still used in the quantitative estimation of t1ssue histamine. 
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Best, Da.le,Dudley and Thorpe . (1926) havp- given an acc"unt of extraction 

procedures using a few of these materials. 

Many irritants have been claimed to cause histamine release when 

applied to the skin. Lewis (1927) again compiled such 2 . list ,·;hich in-

cluded Mùstard, m~stard gas, cayenne pepper, cantharidin, and chloroforE. 

Ee c1e.imed that the symptoms observed were aIl due t ,) tissue in jury. Le.ter 

xylene. croton oil, t~rpentine a.nd colchicine were found to produce similar 

effects (See Selle 1946 for references). Selle he.s compared the reactions 

due to these irritants to the action of various venoms, trypsin, allergie 
1 

manifestati0ns and ultra-violet irradi::;.tion. 

Bartosch (1936) was able to show tha.t smaH amounts of heptane, octane, 

8,nd benzol, ad.minist ered to s'Uinea pig 1ungs by way of the trecheel ca~nu1al 

caused a release of hista~ine wnich was detectable in the perfusate. Per-

fusion of a rabbit's ear with these substances a1so caused a release of 

bistamine. 

The irritating 'layors of ammonia, ac1oo1ein Gnd toluol were similar1y 

ShOWî1 to re1ease histamir.e from gu_inea pig lungs ( Ge_ran, 1938). More 

recent1y. Schild (1949) has demonstra.ted that ammonium chloride will 1i-

herate his Lamine e;uantitative1y from striated muscle if the pH i6 h1gh 

enough to liberate free base. 

AIl the ab~ve menti cned irritants are believed to cause the release 

of histamine by cellular in jury. Whether a specifie mechanism underlies 

this effect has nat been demonstrated. Severa1 investigators (Astrup, 

1950 ; Kaplan, 1944) have reported that chlorofcrm 15 able to activate serum 

fibrin '11ysin but this obs~rvati()n has not been extended tel include 0ther 

irritants. 

,1 



There le a posslbility that another mechanism takes part in the 

inflammation stage of irritation. Rocha e Silva (1944) has mentioned 

that increases in sk1n histamine may be due to the collection of pla­

telets at the site of inflammation. This suggestion seems to be a sound 

one because Loomis, et al (1947) have found that a platelet factor ac­

tivates the enzyme "fibrinolysin". 

(e) Histamine Release by Venoms and Toxine 

Kellaway (1929) "las the tirst to mention the possibility that the 

stimulating action of snake venoms on the guinea pig uterus may be 

mediated by the sarne factor as was produeed by the anaphylactic reaction. 

Histamine, however, was discarded sinee the venoms contracted the ra~~' 

uterus - an action that histamine does not have. 

About the sarne time Essex and Markowltz (1930) c0mpared the effects 

of crotalin (rat t lesnake venom) snock to anapnylactlc shock in dQgs. They 

found such slmilarities as, a sharp fall in blood pressure, and initial 

constrlction of splanchnic viseera followed by engorgement, a loss of blood 

coagulability and a rise in bladder pressure. The triple response cuuld 

also be obtalned with erotalin as could histamlnic or anaphylactlc-11ke 

effects on isolated g~inea pig uteri or bronchioles. Exeept for isolation 

of the active agent producing these effects in both conditions the compa­

rison between crotalin and anaphylactlc shock waB almost complete. 

Probably the earliest, and most complete, report of histamine release 

by venoms was made by Feldberg and Kellaway (1937). They perfused the lungs 

of cats and guinea pigs with the venoms of three varieties of reptile (copper­

head, cobra and rattlesnake) and found a histamine-l1ke"substance had been 

released. The release was accompanied by a bronchoconstrietion and swelling 

of the lung - a condition also noticed with histamine or specifie antigens. 
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Depending on ihe dose of the venom almost all of the histamine-like material 

could be perfusedfrom the lung. In the case of the rattlesnake venom, 

an Immediate proteo1ysis was fo11owed by destruction of the lung tissue. 

I~Hslow-reacting substance" was also liberated during the action of the 

venoms. 

These workers (Feldberg and Kellaway, 19Y; ) showed that the release 

of histamine was probably mediated by IIlysocithin ll, a mixt'J.re of lysolecithin 

and lysocephalin produced by the acti0n of venoms which contained a 

lecithinase. Lysocithin could be released from venom-perfused monkey 

livers without the liberation of histamine. Subsequent treatment of dog 

livers with this monkey lysot.liJ;.hI.im released histamine just as the pure 

venom would. The formation of IIslow-reacting-substancen vas also thought 

to be due to the action of lysocithin. (Feldberg, Holden and Kellaway. 

1930). An alcoholic extract of lecithin incubated with cobra venom had 

two main properties - a lytic one andFsmooth-muscle-contracting one. The 

latter was due to "slow-reacting substance" and they found that it imitated 

the actions of venom and anaphylaxis more closely than did histamine. The 

outP'l1t · of histamine and "slow-reacting substances ll were f ound to bear 

no relation to each other but usually histami ne was released firet. 

Another property of lysocithin was believed by Feldberg (1940) to be 

its ability to produce a lon~ laating output of adenalin from the adrenal 

glands. He sugges t ed that the adrenalin wasfreed by the direct lytic 

action of this venom-formed mat erial and histamine waB not an intermedlary 

in the reaction. This suggestion ls in opposition to the observations of 

Eurnmd Dale (1922) who showed that when histamine was injected into the 

adrena1 artery oÏ a cat there resulted a transient rise in blood pressure. 

Also anyone who has made very many histamine injecticns will VQuch for the 



'belief that adr'3nalin is e.ppare:1tly re1eased even when histami i1e is given 

by the femora1 Taute. 

Feldberg and ~Cellaway(19.3?) found the.t the lungs of young kittens con­

tained little histamine and showed less symptoms from snake venoms than 

did older cat s 1ungs in \'Ihom the histamine content was high. However, the 

cellular injur"J was aIs" greatest in the Iungs of tne oider ce.te and this 

sussested that the release of hista·dne was in the sarne way connected to the 

det)"ree of cellular d.estr'..lction. 

Starting wiGh observations on sna:re venoms Rr.cha e Si1v/:' (1938,1940) 

found that the effect of crystalline trypsin resembled those of histamine, 

venorn or anAphylaxis and caused a re1ease of hists.mine when perfused through 

gninp.~. Ilie; lun~s. The mechanism seemed to act in two phases. Digestion 

of the proteln would first lead to destruction of tbe normal J.ipo-protein 

structure, and then., ",-hen l)eptones ~'ere f0rmed by the tr.rptic digesti "n, 

a further re1ease would be initiateà.. In vanom poisoning a spolit product 

of Iipin and proteolytic digesti 0n cou1d also Cp.us~ thA release of histamine. 

(Feldberg 19'+1). 'l'!le venorns act by splitting arf oleie acid from lecithin 

8.nd. for ining the lytic s ;lbstance 1ys0cithin. 

Bee venom has been shown to Rct in nm.ch the samB way as snalm ve:'1om 

(Feldberg and t~ellal:{ay , 19.37-1938). A gl1ine8. pis luns perfused with the 

equiva1ent of 5 bee stings increased t;1e out~)ut of his 'oamine from 0.01 

f.1g/min to 0.11 mg/min. 75;b of the lung histar'1ine was re'lloved a.fter 3.5 

h:--urs of pc rfusi·yn. In addition, this ve '1om had bath fast a nd. "s10\>'-

reacting" direct affects on the isalated intestine. 

In arder to rpconcile the mccne.nisms IJccurring in venom shock and 

anaphylactic snack, Feldberg (1941) :iostulated that the a.ntiger. might 

affect the sensitized cells by destroying a.nti-~tic factors, a1lowing 
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r.ellular t rypsi!l to ae!;. Thus the releR.se of histarnine t0gether with the 

formation of peptones :t'rom the tissue prot;eins co ,1.1d ~CCOUl1t for aIl the 

lmown smooth muscle stim1üating effects not oüly of venoms but also of 

peptone and aU!:'phylp...xis. 

Sta~JhylocJccal toxin, prepar2d in a.g~.r nutrient hroth \\'as shown by 

Fel,iberg and Keogh (1937) to have a histamine r81easing actiC'n by cellular 

in jury , in perfused cat 8,nd guinea pig lungs. This particul!1r bacterHll 

toxin WD.S chosen because it was known to have a shorter latent period in 

the prod.u~tion of symptoms than other toxins - (Aellaw~, Barnett and 

\':illiA,ms, 1930). The hist~,mine W<'ClS released only after a 10élg la.tent 

period of bet'N'een 10 and 40 minutes and amollnted to values ranèinè 

between l} and 15% of the total lunE; histamine. The authors suggest that 

this !llechanism of ilistaminc release is probably involved in tÎlCJ action of 

other bacterial toxins. 

A different type 0f bacterial reection is observed 1:1 the Schwartzmann 

phenomenon. If a rabbit is given an in ~ rader~Rl injection of a small 

amount of filtrate from a bacterial c~lture, and 24 hours later receivés 

an intravenous injection (Jf the same filtrate or ev en of a filtered ~ulture 

of certain bacterie different fram thosa u6ed for the intradermal injection. 

a haemorrhagic lesion appears at the site of the latter. Rocha e Silva and 

::lier (1938) fo;md thf:\t fragments of skin removed from the haemorrhagic sites 

usually contained more histamine than normal speciments. They believed t hat 

histamine ~'as liberated durin::; this phenomenon and acted as 8.n adjuvant 

enhancin t,; f':'agility and permeability of capilLaries~ thereby prod,~cing 

haemorrhaCic areas. liecently Rocha El Silva (1952) t , und indications that 

the presence of platelets was an important fact,~,r in the development of this 

experi~ental pUTpura. 
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The significance of this detail will be seen later in conrrection with the 

activation of histamine-releasing fibrinolysins. Schwartzmann proposed 

the concept that some inflammatory and necrotic manifestations of various 

infectious diseases, such as typhoid and smallpox,might be based on this 

type of hypersensitiveness. 

4. HIS'i'ANlNE R~LEAS3 :BY ENznœs 

Many actions of histamine-liberating substances or mechanisms have 

been at least partly explained by the postulation ~ r demonstration of 

enzymes taking an active part in the process. This section will deal 

with that aspect of the reaction more completely. :Because of the great 

number of papers written on the enzymatic systems involved in the re­

lease of histamine, the author has restricted himself to a short review 

of some of the major aspecte of the problem. The early part of this 

phase of histamine release has been summarized by Dale (1920) who 

mentions the work of Jobling (1914) and Bronfenbrenner (See Bronfenbrenner 

for refs.,1944). They described a number of chemical and physical agents 

which weaken or destroyed the "antitryptic" power of normal serum. The 

tr,yptic ferment, normally kept in abeyance, initiated a self-digestion of 

serum proteins. By removing the anti-trypsin, the antigen-ant ibo·d.y union 

determined the onlet of protein cleavage. The toxie cleavage products 

were then produeed from the animats own blood proteins. Abel and Kubota 

(1919) aiso suggested that the intracellular formation of histamine by 

protein digestion caused the anaphylactic symptoms, So simila.r wa.s the 

reaetion to that produced by directly injected histamine. 
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Many others bave mentioned that a proteinase constituted the common 

factor behind the liberation of histamine in various :procedures. (:Beloff 

and Peters, 1944-1945; Tepperman, Engel, and Long1l943) but the problem 

did not seem to be so simple as a mere tissue digestion and dieintegra-

tion. 

Rocha a Silva and And.rad.e t1943) fO'.mè. thd thE! histamine-1iberating 

" " power of papain" a vegetable pepsin much like intracellular cathepeins, 

ran parellel with its l capacity for attacking the arginine-amide linkage. 

They concluded, quite natural1y, that histamine in the cell, ~as bound 

by an amide type linkage with arginine or lysine. Extending these 

findings to living cells, (P.ocha e Silva, 1944))cathepsin 2 was postu 

lated as being the proteolytic enzyme which might liberate histamine when 

its activation took pIace,for example in anaphylaxis. Rocha e Silva and 

co-workers (Rocha e Silva, Andrad.e, and Teixeira; 1946; Rocha e Silve 

and Teixeira, 1946) have a1so found ample evidence that activati0n of 

proteolytic enzymes takes place in anaphylactic and peptone shock. 

Rocha e Silva (1 950) considers that the protease system le probably 

the missing link in the chain of avents leading to the re1ease of his-

tamlne. In such conditions as anaphylactic or peptone shock in the dog 

the presence of the protease can only be detected, after the concomitantly 

released heparin is neutralized with protamine (Jaques and ',aters, 1941). 

The protease, fibrino1ysin, cannot be detected in the b100d after severa1 

doses of antlgen or peptone) and therefore, d.esensitization might depen4 

on either an exhaustion of the mechaniem 1eading ta fibrinolysis or on the 

discharge of an antiflbrinolytic agent which would block the first wave 

of fibrino1ysis • . The fibrin61ytic activity is not blncked if heparin can 
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be excluded from the system. If a"thoracic"dog Is ueed the release 

of heparin doea not t&ke place and so the presence of the protease 

can be de'llonst rat ad mueh mor~'. readily. 

In peptone shock in the anterior or thoracic dog, the followlng 

events have been shown (Seroggie, Jaques and Rocha e Silva, 1947) to 

take place. 

peptone ---~) serum tryptase~(--

l~( Inhibited by soya bean trypsin inhibitor 

fibrinolysin~(---- inhibited by heparln l L inhibited by prctamine 

lyals ..-,. hepari!l Rnd histamine 

The soy bean trypsin inhibitor was firet isolated by Ham and 

Sandstedt (1944) and was 1a!;er shown to act by forming e..1most instan-

taneous1y 8,nd irreveraib1e stoicliometrlc compound with trypsin (Northrop, 

Kunitz, end Herriot, 1948). The inhibitory action of the soy-bean factor 

has been shown by Tagnon and Soulier (1946) to extend into systems where 

~e plasma enzyme was being activated by either chloroform or strept~~ ..... 

Mclntyre. Roth, and Sprou11 (1950) have produeed evidence to in-

dicate that the soy bean inhib1tor does not exert its effeet in the ana-

phy1actic reaction. Using a method similar to that of Scroggie. Jaques 

and Rocha e Silva (1947),they found that the soy bean preparation did not 

inhibit the re1ease of histamine from sensitized rabbit ce11s treated 

with the specifie antigen. This view seems to be supported by the in-

vestigations of Ungar and Mist (1949) who found that the activation of 

the serum fibrinclysin by CHel} or streptokinase differed from that 

eaused by the specifie antigen, peptone and certain polypeptides in 

that activation by the latter agents required the presence of a certain 
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heat labile serum constit~ent. This fact6r was assumed t0 be a fibrino-

kin;'se and the possibility WA.S suggested that the protease activat"ed 

by ch1oroform or streptokinase ~~s not indentical with that activated 

by the other subst~~ces. 

The difficu.lty of preventing anaphyle.ctic reactions with the 

soy-bean inhibitor may probab1y be due to the size of the molecule, 

which prevents its diffusion from the blood stream t o the tissues. 

Thus when the anaphylactie reaction oceurs, no SEI wou1d be in the 

vieinity to prevent the activation ~ f the tryptase. 

The ear1iest reports had indicated that certain streptococci 

produced a fibrinolytic enzyme (Garner and Tillet; 1934). However 

this was later shown ta be an enzyme activator which produced a. "lytlc 

fact or" from an inactive se~lm precursor (Ni1stone. 1941; Christensen~ 

1945). The lytic factor ls n0W known most wide1y as "p l asmin" or 

"fibrino1ysin" • 

Mo'st recently Mullertz and Lassen (1953) have shown that strep-

tokinase, the streptococcal agent, transforms a proactivator in blood 

ta an activator which in turn converts pro-fibrinolysin to fibrinolysin 

STREPTOKINASF. PROFIBRIN0LYSIN 

PROACT IVATOR---,t---~CT IVATOR -~> l 
FIBRINOLYSIN 

The "anaphy1atoxin" which caused sa much trouble in the early 

manu.scripts seems to be the same BS "fibrinolysin". AlI the B.ctivators 

such aS kaolin, chloroform, barium sul})hate, agar, starch or inulin must 

act similar to strGptokinase in producing the anaphylactic-like symptoms. 

(Rocha e ~lvat 1951). 
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However the complexity of the prablem has been shown ta be greater 

than the above statement seemB to indicate. Vinazzer (l951) considere 

that an anti-fibrinalysin Is present in the :plasma and can be inhiblted 

by heparin ta sorne extent. Also, barium sulphate was shown to absorb 

tbis anti-fibrinolysin (A.F.L.) and thereby release the active flbrl­

nylysin (F.L.). This ia at least partially supported by the wark of 

Kaplan who found that A.F.L. and F.L. combine r~pidly and speclfically 

in multiple proportions. (Kaplan, 1945).Schmitz (1937) h~s suggested 

that the lysis of the fibrln clot after coagulation ls initiated by a 

similar fibrinolysln actlvating mechanlsm. This was Indicated in an 

article by Iyengar. (1942): 

"Accordlng to Schmitz}during clottlng the trypsln-lnhibitor com­

pound ls absorbed on the fibrln clot. The kinase inhibitor compound 

which la also present in plasma i9 broken up into its constituents with 

the result that onl~ kinase, which i8 probably of a protein nature, gets 

absorbed on the clot while the inhibitor which 18 a polypeptide of low 

molecular weight remaina in the serum". 

The recent work of Ratnoff (1953) has shown that this may be very 

close to W,hat actually takes place. However he found evidence that the 

clotting pro cess accelerated_ the formation of fibrinolyein from pro­

flbrinolysin and did not, as one might expect from the above description 

seperate F.L. from an F.L.-A.F.L. complexe 

• 

Other experiments indicate that many of these factors have their 

orlgin in the white cel1 layer of t~e blood. Johnson and Schneider (1953) 

have found that 7~~ of the b100d A.F.L. 16 found in platelets and they 

belleve that thls la the source of all blood A.F.L. Chr1stensen and 

I.fcLeod (194-5) and Christensen (1946) have shown that the flbrinolytic 
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pro-enzyme (tryptogen, plasminogen or profibrinolysin) is activated 

by a platelet factor having the properties of a kinase. These studies 

have provided very good evidence that both F.L. and A.F.L. are as real 

as the proenzyme P.F.L. 

The activation of fibrinolysin, then,has been shown to be initiated 

by two distinct processes: kinase is iâ,bt"ivat.edt,èitbel- by s eparating the 

A.F.L. - F.L. complex or by the formation of kinase from profibrinolysin. 

c,ategory 
In the f ormer jseem to belong such activators as barium peptone and the 

antigen-antibody complexe The other group seems to include the proenzyme 

activators ch1oroform and streptoklnas~and possib1y c1otting. Howevar 

there Is 11ttle conclusive evidence on either of these points. The one 

important fact that remainsis that both types of fibrino1ysin-activating 

systems do existe 

Ungar (1951) and Ungar and Damgaard (1951) have recent1y shawn in 

experiments on rats that some of the factors, participating in the pro-

teolytic mechanism, are under endocrine control. ACTH, cortisone and 

Splenin A acce1erated the inactivation of fibrino1ysin by antifibrino-

lysin: thyrotropin,somatotrapin, thyroxin, desoxycorticoaterone acetate, 

and Sp1en1n B diminished this action. The spleen wa6 shown to be the 

controlling organ in the action. exerting its' affect via the substances 

Splen1n A and E. In splenectamized animals. only Sp1enin A and B could 

produce an effect. Taklng certain portions from the above ment10ned 

papers the scheme 1nF'igure 1 has been adopted,and can be used to 111us-

trate many ~f the factors participating in histamine release. 

The many factors menti0ned in the above section indicate : the com-

plexity of this vast problem. It 16 hoped that it can be read vith un-

derstanding but the author has not attempted ta exp1ain the great mase 

of investigation on the 6ubject. 
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A very good ~eview on the nomenclature of parenteral proteases by 

Ferguson (1948) will be helpful to the interested reader. 

!he part pl~ed by enzymes in the release of histamine i8 further 

discussed at the end of this chapter. 

5. m llElpASE or HISTAMINE :BI "HISTAMINE LI:BEBATORS" 

:Thus far. histamine release has been shown to take place only alter 

a number of injurious stimuli. In the previoue section the activation 

of tissue proteases or varioua enzymes after cellular destruction vas 

suggested to be the manner by which harmful procedures produced their 

effect. A growing number of chemical compounds are believed to cause 

the release of histamine without damaging tissue cel1s. These have 

been named "histamine 1iberators". 

AlthOugh the expression "histamine liberator" vas· just recent1y 

colned, (MacIntosh and Paton, 1949),compounds like peptone, previously 

well known as having this effect. have also been included in the category. 

Actually, the term is a rather vague one and the only prerequisite for 

acquiring this designation, besides causing the release of histamine,is 

that the substance must Cause no gross structural changeduring the time 

of its a.pplication. However. one other feature common to oost "releasers" 

thus far studie~ is that they aIl contain one or more basic radicale ln their 

structure. Tween 20 and dextran are exceptions to this "rule". 

It 8eems stzange that the term "histamine liberator" bas remained 80 

long in use. Even at the time of its inceptien a "histamine liberator· 

vas aIse known to have other actions. Although the term nov in use certainly 
of 

descr1bes the most important action/these substances probably"anaphylact~ 

mimetlc" le a more suitable nB~e. The appropriaWnesl of 
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tbis designation will become evldent in the following section. 

(a) Peptone 

As already has beeu suggested, :Jeptone was the firet "histamine 

liberator" sho'WIl to possess tbat action. In 1937, Feldberg. and 

O'Conn0r, noted that the perfusion of cat and guinea pig lungs with 

solutions containing peptone released 10% and 3%, respectively of thelr 
J 

histamine content. Ab ' ut the sarne Ume Dragstedt and Head (1937) detected 

a histamine-llke substance in the blood of peptone-shocked dogs. 

The great sirnilarity between the effects of peptone and. histamine 

were first pointed out by Dale and Laidlaw in 1910. The ooly difference 

existing between these two agents was that in peptone shock the blood 

became incoagulable. This was also known to occur in anaphylactic 

shock. In 1938, Waters, Markowltz, and Jaques were able to show that the 

incoagulabl1lty of the blood in both conditions was due to released 

heparin. This step narrowed the gap of difference between the two 

reactlons ln d~gs considerably. 

The release of histamine from the blQod cells of rabbits, guinea 

pigs and rats with peptone as shown by Ungar (1944) paralleled tbat 

caused by antigens as demonstrated by Katz (1940). In guinea pige, 

Ungar (1947) found a further eimilarity in the effects of anaphylactic 

and peptone shock. He noticed th?t serum protease was activated in both 

states. It 16 now accepted that the symptome apparent in the t ... .'O con-

dltlons are largely due te liberated hista~lne. However, no technique 

has yet shown just how each process i8 init1ated. 

Among many resemblances between peptone and anaphylactic shock, 

Beidl and Kraus (1909) remarked that in both react10ns the polymor-

phonuclear leucocytes disappeared almost entire1y·from the b1ood. Dale 
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and Laid1aw (1918) found that this a1so occurred in histamine shock. 

Rocha e Silva (1950) has recent1y described this slmi1arity in a 

more en1ightening mannar. Summarizlng his statements: Inltially, a 

constrtction of the hepatic vessels transforma the liver capil1aries 

into a filter f 0r the agglutinated platelets and leucocytes collected 

in the livp.r. After a brief latent period tl!e platelets "explode ll and 

then histamine and heparin are released. The clum :~· ing of platelets 

seems to be mediated by a glycogen-1ike polysaccharide but this has not 

yet been clarified. 

The inhibitory action of heparin again closely associated the 

mechaniom of peptone shock with that of anaphylaxie. The following 

quotationfrœ.Rocha e S±lva makes this clear: 11 _____ this affect of 

heparin protecting the clumps of platelets ~gainst destruction and at 

the sarne time preventing activation of the fibrinolytic enzyme of the 

blood. constitutes good evidence that products derived from platelets 

might be concerned with the activation of this fibrinolytlc enzyme of 

the blood during anaphyll'lctic and peptone shock. 1I 

This protective action of heparin has also been noted by Dragstedt 

Wells, and Rocha e s:i.:lva (1942) for pepton'?, trypsin and antigen on 

normal or sensitized rabbit cells and by Macht (1944) for trypsln and 

papa in in intact animals. 

Other studies have indicated that the refractory state which fo11ows 

both anaphyla.ctic and peptone shock are due to the sarne cause (Hanzlick, 

1942). The desensitization which fo1lows anaphy1actic shock ls generallY 

ascribed to the saturation of antibodies,but with peptone 8uch an ex­

planation i8 im:1ossible becau8e peptone is non-antigenlc (Fink, 1919). 
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Rocha e Silva believes that desensitlzation might depend on an exh~ustion 

of the mechanlsm leading to fibrinolysis and/or on the discharge of an 

antifibrinolytic agent that would block fibrinolysis. 

(b) "Histamine Liberators" 

There ie actually very little difference between the manifest actions 

of peptone and other "histamine liberators" when injected into various 

species of animal&. The distinction has been mAde in the present chapter 

mainly because the chemical nature of peptone Is rather indefinite and 
number of 

also because peptone weB the first of a grea1l substances that have been 

shown ta cause "anaphylactoid" shock. 

When it 'was found that substances with better recognized chemical 

structures c 0uld be used in place of peptone for investigations on the 

release of histamine, the value of peptone in these studiee declined. 

Much of our knowledge of the nature of histamine release can be attributed 

to the properties of these newer agents whoee simple structures have 

guaranteed unifotm and rèproducible results. 

The nature of "1::istrunine liberators" has been extensively examined 

over the last few years Rnd a c-nsideration of these investigations 

folloW8. 

(1) CURARE 

A1am, et al. (1939) found that curare re1eased good amount of histamine 

when It was perfused through dog skeleta1 muscle or when injected in the 

whole animal. Schi1d and Gregory (1947). found similar resu1ts for 

tubocurarine. A recent report (Reid, 1950) indicated that the pattern 

of output by tubocurarine in dogs and guinea pigs was distinctly different 

from that caused by snake venoms and bacterial toxins and resembled more 

that seen in anaphylactic and peptone shock. -.Asilr1.tht) peptone, tubocluarine 
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required the natural medium of blood for R maxiJTl8.1 release of histamine. 

With T/r0des snlution or heparin1zed blood aS the perfusion fluid only a slIlPll 

fraction of the liver histamine was releesed. In intact animaIs, a.fter 

several injections of tubocu.rarine, the liver became insensitlve ta 
after 

fur ~ her injectionsjhaving released up to 50% of Its content of his-

tamine. 

Rocha e Silva and Schild (1949) found that the liberatinn of his-

tamine by tubociJ.rarine waS of an "er .. :.losive" typea...Yl.d wes only 1imited 

by the rate of diffusion of histamine. The amount of histamine re-

leased depended largely on the concentration of curare used. In the 
tubo-

perfllsed hlnd limbe of rats 20 molecu1es of/curar~ere found n~cessary 

to release one molecule of hista~ine. 

Collier and Nacauley (1952) havo recently shown that the long 

acting curarizlng agents laudolissin and compound 15 (both chemicelly 

resembling dimethyltubocurarine) are both potent histamine l1berat r ,rs. 

Their investigations were done in cats (b1ood pressure),rats (suspended 

diaphragm),guinea pig (pithed) and man (skln tests). 

(2) Basic Comnounds 

Mueh of the characterization of drugs as "histHmine liberat::>rs" was 

done by MacIntosh and Paton (1949) whose classical paper outlin~d the 

basia for most subsequent investigations o~ the subject. Their experi-

ments were done m0s~1y in cats and doss on a lone series of comroinds 

among whi~~ were included diamines, diamidines, diguanidines, diisothic 

ureas, dlquater~aries ~ sorne benzamidine derivatives and the polypeptide 

licheniformin. (See appendix for complete list of histamine liberators). 
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MacIntosh Bnd Paton noticed that after the injection of 'âll" 

liberator, there was noimmediate effect on the blood pressure. After 

the characteristic delay of 20-25 seconds the usually abrupt fall began; 

but its depth and duration depended on the dose of liberator. This 

delayed effect was attributed to the nature and location of the vessels 

into which the liberal;ed histamine diffused. In the dog, the liver 

was the main site of hist~~ine release; and in the cat, the skin and 

muscle were the mB.in sites. The incoagulability of the blood in the 

dog after the injection of certain typical liberators appeared to be due 

to the release of heparin from the liver. 

In this study particular attention waB dra\'/U to the fact that a 

large number of medicinally used arganic substances, such as the 

trypanocidal diamidines, were cE'_pable of releasing histamine. In order 

to avoid such distressing side-effects as itchip-s, colic and fall 

in blood pressure, such agents should be tested 011 animaIs for their 

histamine-releasing effects before they receive clinical trial. 

MacIntosh and Paton suggested but rejected the possibiliLy that 

A ~ t ,. it;llt displacement mechanism operated ta cause the release of 

histamine. The concomitant release of hepe.rin in the dog could not 

be explained by this action because heparin is not a baee , as ia 

histamine, nor ls it l1berated by histamine. Tney'pres:e~ no evidence 

f ,.t.è> ~o&h~ ~ ··tl\à't.: the rncbilizat iO!l of heparin fdè~1\dedd;on 0 histamine 

release. As an alternative mechanism j~h~rs suggested that hista~ine 

liberators act similarly to peptone by unmasking tissue or plasma 

proteases. 

In this paper it was ccnsidered important that the action of the 

orga!1.Ïc bases termed ":c.istamine liberators" reproduces all of the manifest 

features of anaphylactic and peptone shock. It ~also made clear by 
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their investigations that the degree of this "hista~ine liberat ~ r shoek" 

trolling anaphylaxis was previously unheard. of because no two animaIs 

of the same specie~ever responded to the antigen to the same degree. With ' 

the advent of these new agents "controlled!'. "ana:phylactoid" experiments 

became possible and would be very practicalfor the suudy of histamine 

release. 

(3) Opium alkaloids 

Feldberg and Paton (1951) continued with the project started by 

MacIntosh and Paton and introduced two new as::?ects of the subject. They 

showed that a number of o~ium alkaloids be10nged to this class of chemicals 

called "histamine liberators" and they a1so identified certain tissues 

from which the histamine was released. Actually the w-· rk with opium a1-

kaloids as releasers had begun many years before when So11man and Pl1cher 

(1917) had considered but rejected the possib1lity that these substances 

were able to release histamine. Lewis (1927) produced more substantial 

evidence by eliciting the triple respons9 with very small doses of morphine. 

The next two investigations on opium alkaloids were reported simulta-

neously as short communications by Nasmyth and Stewart (1949) and Feldberg 
teams 

and Paton (1949). Botlv'had foun d cviè :~ nc,:: t}:wt s'.l.ch a.H:aloids release histamine. 

In their etudies, Feldberg and Paton (1951) demonstrated that the 

depressor action of morphine on a catIs blood pressure was only partly 

d.ue to the appearance of histamine in the plasma.. The remainder we.s 

appe.rently due to the opiate itself. After the injection of histamine 

liberators lnto the perfused skin preparation of a cat histamine eppeared 

in the effluent. With repeated injections almost aIl the skin histamine 

could be removed. The vasocon::striction and oedema associated with this 
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preparation vere believed to be due to released histamine. 

In perfused muscle preparations the amount of histamine released. 

even vith repeated injections. represented only a minute fraction of the 

total amount. 

Of special significance vas the opinion of the vriters that the 

release of histamine occurred explosively and that it ~ppeared in the 

effluent only as it vas washed out by the perf'using fluide The 

mechanism of release vas not discussed. 

As in the earlier paper by MacIntosh and Faton (1949) these 

authors also suggested that soma of the allergie phenomena associated 

vith these compounds vere probably due to their histamine-releasing action. 

(4) ~/80 

The histamine-releasing action of compound 48/80. a condensation 

product of p-methoxyphenethyl-metbylamine vith f'ormaldebyde. was f'irst 

demonstrated by Feldberg and Faton (1951). Its potency vas apparently 

severa! hundred times that of tubocurarine. and it vas calculated that 

70-90 molecules of histamine were re1eased per molecule of 48/80. 

Earlier. MacIntosh and Faton (1949) had calculated that diamidino-decane. 

then one of the most powerful releasers. required between 10 and 100 molecules 

to liberate one histamine molecule. 

Investigations on dogs with 48/80 by Paton (1951) demonstrated a 

number of "new" pharmacological effects for "histamine liberators". 

As with other liberators. the principal actions of 48/80 reslded in 

its remarkably high activity as a releaser; it apparently had no other 

pharmacological action. Faton showed. however. that it had the important 

property of releasing a "slow-contracting-substance". Beraldo (1950) had 

already shown the presence of such a substance in the blood of dogs exposed to 



anaPhylactic and peptone shock. Now, the discovery that releasers &lso 

mobilized this new entity turther strengthened the bellef that anaphy­

lactic shock, peptone shock and liberator shock were mediated by the same 

me chan 1 sm. It was also shown that 48/80 possessed the ability to anta­

gonize the guinea pig gut contraction specifically caused by the "slow­

contractlng-substance" ev en though it was itself inactive on the gut. 

This close relationship was considered by Paton to suggest that "slow­

contracting-substance" was itself involved in the pro cess of histamine 

release. 

ln species other than the dog a similar "s10w-reacting substance" 

is also liberated in both anaphylactic and anaphylactoid shock (Feldberg 

and Kellav8Y, 1938; Brocklehurst, 1953). Since evidence is accumulating 

that these two conditions are alike in almost every detail, it is 

attractive to suppose that these obscure "slow-acting substances" are 

probably identical 81so. 

Paton and Schachter (1951) have used gastric secretion in the dog 

as an index of histamine release caused by 48/80. Their experiments 

were designed to test the influence of antihistaminics on histamine 

re1ease and resembled those of Grossman and Robertson (1948), who used 

benadr,yl to antagonize the releasing effects of Tween 20. Whereas 

Groeeman and Robertson observed a great reduction in gastric secretion 

fo1lowlng benadryl, Paton and Schachter did not observe this effect 

after the antihistamine mepyramine. They asserted that the difference 

vas due to the techniques ueed and that the gastric preparation and 

materials (especially benadryl) used by Grossman and Robertson vere 

not specifie enough to give aecurate results. 
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Ot special interest in this work with 48/80 was the tact that 

mepyramine eliminated many of the signs associated with histamine release, 

such as muzzle swelling and itchiness, ev en thougb the amount of gastric 

secretion was not reduced. Both of these investigations seemed to have 

ignored the tact (available at the time) that anti-histaminic drugs 

such as benadryl and mepyramine are probably themselves histamine­

releasing agents (Pellerat and Murat, 1946; Arunlakshana, 1951). 

Becauee of this, even though the antihistamine may reduce the manifest 

action of released histamine on some parts of the animalls bo~. an 

accurate assessment of the part played in histaminezelease by compounds 

like 48/80 cannot be made on the basis of experiments with an ant1histamine. 

The repeated administration of 48/80, in Paton and Schachter's 

experimenta.(195l), was tound to produce a temporary state of complete 

refractoriness to the same dose of the drug. This state, which almost 

disappeared after a weekls time. vas probab1y due to a dep1etion of the 

tissue histamine readi1y available to that dose of the drug. In this 

respect the refractory effects caused by doses of 48/80 seem to be very 

slmilar to those caused by the anaphylactic reaction. 

Feldberg and Talesnik (1952) found that the rate of recovary of 

skin histamine in rats and dogs givan subcutaneous injections of 48/80 

was a remarkab1y slow process. In rats, the skin level returned to Its 

normal level ot 34 ~g/gm. after a period of )0 days. A similar slow rate 

of recovery vas noted in the doge This slow recovery suggested: 

(a) that the restoration of histamine was not into the dep1eted 

celle but vas a sign of newly formed cells, and 

(b) that the skin histamine played no role in purely p~siological 

regulations, vascular or other. 



If it is assU"!lled that histamine is the first defense mechellism 

of the skin ElEainst in jury , this cf)uld mean the.t once a cell has l ost 

its hista~ine, it i8 unable to participate again in this mechanism 

and i3 therefore defenceless against fl1r ther in jury. If such is the 

case , then certai n protective tissue cells probably diè after 108s 

of their tissue histamille. In a later paper, Feldberg and Talesnik 

(1953) refute this vie\<l because f)f new evidence that rest0ration also 

"ccurred in hist arnine- depleted striated muscle swhicIl regained their 

normal histamine store i n about the sarne time as the skin. 

Conversely, there is evièence to show that when II mas t" cells 

age and d.ie, a release of histamine and heparin t a.kes place. Paff 

and Bloom (1949) believed that the libera.tion of hepari n i nvo lved 

degenerativ8 changes and even death of the :nust cell. The high cor­

rel?tion in various tissues of histamine a.nd heparin content with the 

n11mber of mé'st cells ( ... Hey and 'lest , 1952) i ndicates that hista'lline 

relee.se is probably a1so involved in this degel1erat ive :r;rr'cess. 

The work of Riley al1d l·jest (1952) hasb~eafih~à1 another important 

aspect r '~ . .': .' . , ~ of hi3ta-r ine release . Py using the fluorescent 

1ïl;erato r s, stilbarnidine and 2-t.y1roxy stilbamidine they were 8ble to 

0bserve that sorne of the liberato r wa~ tempora.rUy tra.p:!,)ed \vithin the 

ma s t call bafor e release ~ccurred. It la disappointing to flnd that 

thelr obs8:rvations ,-rere not published in a more complete forT}} as in 

this 0ne short note subsequent histnriee of the 1iberator or mast cell 

were not given. Later w)rk has suggested to these ,,!ori:ers tha.t the 

release of ;-'isl'amine in rat tissues ls accompan i ed by a proportionate 

destnction of ffi.'J.st cells (Riley A.!ld ;':est , 1953). 

The effects of the che~'dcal 1"pl"'asers 48/ 80 and d-tü.bocurarine, 

fi~ve recently been compared wi th the act 10'1 of the specific aJ'1tigen on 
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sensitized gu1nea pig tissues (Mongar and SChild, 1?52). The nature 

of the release was apparently similar because the fraction of histamine 

I1berated from 13 tissues was almost identical. (3% to 43% according 

to the tissue used). For all procedures there was no correlation between 

histamine content and fraction released. 

In interaction experiments between 48/80 and the antigen Mongar 
(1952) 

and Schild/found that ~nereas 48/80 greatly potentiated the anaphy-

lactic reactian, the reverse was nat true. They believed that each 

type of releaser probably caused a loosening of the bonds between 

histamine and non diffusible molecules in the skin to which histamine 

,·;4.8 attached. The firmness of the atta.ching b ':mds wauld then pre-

determine the amount of histamine released. Mangar and Schild do nat 

suggest how the releasing B.ction takes place other than 'Ylàt1li'1:n"OyeS 

laosening of certain bonds. The probability that other substances 

are involved in this action is discussed at the end of this chapter. 

<.5 ) MONOAI-HNES 

Mangar and Schild (1953) have introduced the use of minced 
substances. 

guinea pig lung as a means of comparing histamine-releasing abi1ityo! different 

With this methad a series of monoalkylamines, Cn H2n+l NH2 HGl up ta 

C 1% was tested and C 10 was 14 times more powerful than 02 and 7 

times moreso than 48/80 (1). On the other hand McIntyre,et al. 

(Mclntyre, Roth and Sprou11, 1951) had found that 018 was much more 

active than 0lZ in releasing histamine from rabbit's blood. 

Wlth the dibasic compounds it had seemed reasonable to assume 

that their activity relied on goodness of fit of the two basic groups 

~ bifunctional receptors in the tissue. The sarne exp1anation seems 

inappl"lcable to the results of Mongar and Schild. They suggest that 
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maximum activity at C 18 probebly the result of two oppoeing pro­
lO 

cesses: increasing pctivity ,,!ith increasing chain length and decreasing 

activity withfue increasing tendency to form micelles (aggregates). 

(6) DIA.\1INES 

Mongar and Schild (1953) have recently investigated the 

effects of a number of simple diamines of the homologous series 

NH2 (CH2)n NEZ - 2HC1. They found that the activity of the diamines 

as histamine potentiators paralleled their activity as histaminase 

inhibitors with the maximum of both at n=5. Potentiation was evi-

dently produced by combinat ion with the histamine receptors on the 

enzyme. The histamine releasing action of the diamines paralleled 
latter 

thelr antihistamine action on the guinea pig gut. This/was a non-

specifie action as the response to acetyl-choline was similarly 

depressed. Both release and depression were more marked as the chain 

length increased up to n=15. With regard to their earlier investl-

gations the mode of action of monoamines as liberators ~. tnougb\ 

(7) Mlscellaneous compounds 
Adrenaline 

The r8nge of compounds classifled as "releasers" has extended 

to as important a group of chemicals as the sympathlcomimetics. 

In 1946, Staub reported an increased plasma. histamine level during 

intravenous infusions of adrenaline in man (2~g per minute) and 

suggested that sorne of the cardiovascular effects of adrenalin may 

be explained on the basis of histamine release. Other workers (E1ch1er 

and Barfuss, 1940; Koch, Szerb, 1950) have also reported the release 

of histamine from tissues by adrenaline. 
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Whelan (1952) and Mongar and Whelan (1952) reported that they 

were unable to find an increase in the bl00d histamine level of the 

human forearm circulation after infusions of adrenali~over a wide 

range of doses and therefore concluded that the vasodilator effect 
the 

of adrenaline could not be explained bYjhistarnine released. Vaso-

dilatQr effects vere obtained with doses of adrenaline as small as 

0.001 ~g/min. but no histamine was deteeted when doses of adrenalin 

up to 20,000 times this value were given. An "after-dilatation" oc-

curring subsequent to the adrenalineperfusion in denevated forearms 

also could not be explained by the authors on the basis of a histamine 

mechanism. The release of histamine subsequent to increased eard1ae 

activity caused by adrenal1nehas heen discussed in an earlier section. 

PIR1èa&aIHrgens 

It had long been known that certain I~arugi " ,:l f' regularly evoked 

an "allergie" response in many subjects. A eomparison of the symptoms 

exhibited by dogs receiving these compounds to that of primary histamine 

releasers sueh as 48/80, suggested to Schachter (1952) a sim11ar mode 

of action. Schachter co~ducted experiments on intact cats and also on 

skin preparations of dogs and cats to test his hypothesis. Drugs found 

to release hi8ta~ine were pethidine, atro~ine. quinine, priscol, neoars-

phenamine, and bile salt. Substances like sodium brom1de, hydrochloric 

ac1d, distilled water and saline were without effect-as was anoxia. 

Sulphanilamide and dinitrophenol also failed to release histamine but 

it is interesting to note that second administrations of these compounds 

usuallY,cause atopic reactions. (Boyd, 1947). 

Polype-otides 

The only structural prerequisite for histamine releasing abi1ity 
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~o far entertained has been that mentioned by r'-aclntosh and Paton 

(1949). 'rhus many releasers have been shown to possess a chemical 

structure of the general formula R.X.RI where R. is a basic group 

and RI is basic as in diamino decane or polar as in adrenaline. X 

ls an inert moiety of mainly hydrocarbon nature. Among the natural 

relea.sers having this chemistry are polypeptides such a.s peptones and 

licheniformin that contain a high proportion of basic amino acide. 

Snake and bee venoms are thought to act, partly at least, by the 

formation of peptones produced by prote~lysis. 

Among "newer" histamine releasers that may perha.ps have the 

proposed structure are natural pro teins such as are contained in 

horse serum and egg albumen. Feldberg and Schachter (1952) were 

able to demonstrate that horse serwn released histamine in the non­

sensitized cat. Experiments were performed on cat and dog skin 

prepara.tions and comparisons were made using .48/80. In the dog only 

sensitized preparations released histamine when the specifie antigen 

was added to the perfusion fluid. In contrast to results with 48/80, 

the release waS delayed and protracted, and the preparation a180 

could not be depleted with repeated injections of horse serum. 

In the skin preparation of non-sensitized cats, horse serum 

(but not the sera of doge, rabbits or ca.ts) caused the release of 

histamine. Bol1ed horse serum not only failed to release histamine 

but also prevented the release by normal serum, alth6ugn the response 

to 48/80 was unaffected. The release by horse serum in cats resembled 

that of 48/80, being of a similar explosive nature. 

Using egg white, Schach ter and Talesnik (1952) performed similar 

experiments and \'!ere able to demonstrate histamine release in non-
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sensitized cats and rats but not in the dog. Although the syndromes 

were all produced by the ovomucoid protein fraction of egg white. the 

histamine releasing con2tituents were found to be different for the 

rat and cat, since in the former it was a heat labile and in the latter 

a heat stable component. 

In 19J7.Menkin iso1ated from human exudate a substance with 

chemotactic properties and the ability ta increase capillary per­

meability. This substance. called "1eucotaxine" was believed by Duthie 

and Chain (19J9) to be composed of a n~~ber of polypeptides. They also 

supposed that sllch a substance must be "lergely responsiole for the 

permeabillty in capillaries which always occurs in the later stages 

of inflammation after proteolysis in the body has begun". 

In 1949 Dekanski (1949) investigated farther the nature of 1euco-

taxinœ action. He found evidence that leucotaxines' effect in the 

trypan-blue permeabili ty test in the cats 1 skin .... 'as due to i ts 

ability to increase the histamine content of the skin. Histamine 

then mediated the escape of the dye from the circulation. Dekanski 

compared the blueing to that Seen with peptone, heat and histamine 

and suggested that the effect wa.s due te lIhistamine formation". 

In 1952. the problem of capillary permeability mediation by 

histamine was investigated by i4iles and IUles (1952). They used guinea 

pigs injected with the due Pontamine Slcy-blue 6X and compared the skin 

effects of histamine, leucotaxine and ~B/80. The similar results for 

48/80 e.nd leucotaxine suggested they act by means cf the sarne Jlechanism. 

AlI three substances increased capillary permeability and also induced 

a cross-i:nmunity to one another. This last effect is apparently typical 

of a11 histamine releasing agents (Lewis and Gl'ant, 1924). 
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Miles and Miles pointed out that much of the histamin~ available 

for release was located in vascu1ar regions. This fac~ together with 

the know1edge that heparin is a1so located in the se areas, in the mast 

cells (Jorpes, 1946),confirms the belief that histami!le and heparin 

probably have a common cellular origin (Riley and West, 1952). 

Rubini, Becker, and Stahmann (1953) have investigated sorne of 

the pharmacological effects of lysine polypeptides. Although no in-

vestigation of histamine liberation WB.S made, some of their data sug-

gest·' that Bueh compounds as these would be capable of producing that 

effeet. 

Because of the fact that several protein products and organic 

bases produce anaphylactoid shock in va.rious animals, Jaques (1949) 

attempted to show that the protamine salmine had a similar effect in 

doge. When doses up to 10 mg/kg. were given no histamine could be 

detected in the blood. However many of the symptoms of anaphylactoid 

shock occurred.and sorne of the outward signs could be decreased by 

the antihistaminic ~enadryl. In these experiments probably clearer 

resu1ts could have been obtained if larger d0ses of the protamine had 

been given. The reason for this belief will he made clear in a later 

section. 

Detergent s of the '!tween series have been shown to possess potent 

histamine liberating ability (Krantz, Carr, Bird and Cook, 1948; Krantz, 

Carr, Bubert and :Bird, 1949; Grossman and Robertson, 1948). 'l1leIIe sub-

stance does not have the structure typica1 "bi' histamine liberators and 
tbeir -

the m0de of i / , action is not known. Chemically, Tween 20 is a poly-

oxyethylene derivative of sorbitan mono1aureate. 
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Goth, Allman. r~errit. and Ho1rna.n (1951) have found that the 

release of histamine b;1' Tween 20 caus~s a refract "rines& in dogs, 

probably the same as that caused b/ other liberators. This re-

fractoriness was prolonged even more when the dog received cortiEone. 

The nature of this prolongation was explained by them as prnbably 

being due to the prevention of the replenishing of depleted tissue 

hista~ine stores. In the light of Ungar's recent work (Ungar and 

Damgaard. 1951.) the action of cortisone is explained on the basis 

of en increa.sed action of tissue antifibrinolysin. 

In the above chapter the effects of histamine liberators in 

various anima1s and animal tissues have been shown. The obvious 

similarity between the manifest effects caused by liberators and 

those seen in anaphylactic shoc~ suggests that the mechaniem un-

derlying the two reactlons are ver,y mueh the same. The apparent 

similarity between the reactions of anaphylact L; shock àà:i those 

produced by such compounds as peptone had led earlier investigators 

to term tae latter condition "anaphylactoid" shock. Later the 

symptoms of these two types of shock were shown to be largely attri-

butable t 0 histamine relee.sed in the react ion. 

Early "histar:Jine liberators ll were given that name because their 

TOost obvious action W8.S t'J cause the release of hista:nine. Subsequent 

studies, however, have shown that the total effect following the 

injection of histamine liberators inta animaIs is the saroe as that 

shown f ')r both anaphylactic and anaphylacto1d shock. It 1a very pro-

bable that "histamine liberators" could be very weIl classed with those 

compounds whose action had led to the term "anaphylactaid shock". 



75. 

gowever, as investigations are still in progress toàucidate the 

nacure of the se phenomena,this identification has not bean made. The 

most appropriate designation for these substances ("histamine llberators") 

therefore seems to be "anaphylacto-mimetic agents". In spite of thls 

suggestion the author has used the term "histamine liberator" throughout 

the thesis. 

In this section it has become apparent that many useful drues 

such as curare and neoantergan have had an undesirable side action, 

the property of histamine release: and it will be seen in the ap­

pendix that the number of drugs having this property is already con­

sidera.ble. The list will und~ubtedly increase further with the 

synthesis of new drugs, many cf which are chemica.lly closely related 

to histamine releasers. It will theref0re hecome increasingly im­

portant to determine the ~istamine·releasins potency of su ch com­

pounds hefor~ they are made availahle for cli~ical or public use. 

For important dr~gs already in 'Ise, prophylactic measures against their 

histamine-releasing side effect should also be instituted as soon as 

yossible. In the experim~ntal section a study of attempted prophy­

lactic procedures has been rec~rded. 

6. SUM:>tARY OF T -E I~ODUCT ION 

In this chapter an attempthas been made to show the various 

techniques by which the release of histamine t2kes place. Although 

a complete list of methods was rlf)t ctJvered, it shotHd not be very 

difficult for the reader to fit aoy other substance or mechanism into 

one of the categories mentioned. 
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As the 8ubject i8 covered, one grs.dually comes upon the conviction 

that histamine release takes place almost entirely, if not entirely 

by thp activation of enzymes. The only other mechanisro that has been 

susgested ta cause the release of histamine is the displacement hy-

pothesis of MacIntosh and Paton (1949). However the authors themselves have 

rejected thh possibility, as have l-!ongar and Schild (1953 b) who worked 

with similar compo~nds. Both teams of investigators seemed more inclined 

to believe ~hat histamine release occurred as a resu1t of enzyme par-

ticlpati~n in the reactlon. 

One of the stumbling blacks to further research seems to be the 

lac:c of knowledge of how enzyme activation occurs. Thus far only one 

prerequisite for the reaction has been suggested: that the proposed 

hictamine re1easer must have one or more amine molecules in its structure. 

The only known exceptions ta this "rule" is for compounde of the Tween 

series (Goth, AHman, et al. 1951) and f~'r the bile salts (~chachtert 

1952), but no suggestion has been made to account fer their specifie 

action. MacIntosh and Paton (1949) \'Iere unable ta find any correlation 

between the surface activity of a number of suéh . substances and 

their depressor activity. 

The wide variation in the structures of those cOffi!)0unds having 

amine groups has not permittea a very good corr~ln.ti~·n between struc-

tures and histamine releasing power. So fa_r, the distance between the 

basic gr0ups in str:::ight chain diamines, diguanidines, diamidines etc;, 

dibenzamidine groups or between H benzarni(Une and a second basic polar 

grQUp has been found ta have a relation te the nagnit'J.de of the reaction. 

A maximum histamine releasing ability was found in compounds of this 

kind having a chain length of about ten carbon8, (MacIntosh and Paton 

(1949) • In the case of monoalkylamines also, C appears to be the MOst 
10 



77. 

potent compound (Mongar and Schild. 1953 a). HOW8ver the structures 

of longer chain polypeptides are not BO easily correlated with their 

histamine releasing activity. 

Histamine releasing agents form highly alkaline solutions when 

dislolved in water but it is not known if the pK values of these sub­

stances have any correlation with their potencies as liberators. Some 

of the compounds listed by MacIntosh and Paton (1949) would appear to 

cause a depressor effect in proportion to their basicities but no precise 

correlation was made. 

Although the evidence for the release of histamine by en~mes 1s 

much clearer than that for other mechanisms there are some types of 

histamine release for which no mechanism has been conclusively demonstrated 

as yet. 

One of the MOst puzzling instances is the question whether there i8 

actuallY, a release of histamine in functional metabolic activity. It 

has certainly naver been adequately shown that histamine relaase is a 

participating factor in. or a result of. normal tissue aetivity. 

Practically all of the methods used to show this effect have had to 

exaggerate normal metabolie levels or else introduce new factors into 

the system. If it is supposed that histamine release only occurs 

after the threshold of a specifie activity is reached. one is certainly 

not allowed to inerease that actiTity. measure an increased level of 

histamine and then suggest that the release of histamine takes place 

as a normal tissue fonction. 

The "flare" of the "triple response" which oceurs so readily siter 

the alightest inJury is indicative of the delieaey of the meehanism 

that leads to the release of histamine. In the future it will probably 

be a simple matter to show whether or not histamine is released during 
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R procedure pro~osed to measure the release. The major difficulty 

will be to determine whether the histamine collected under the con­

ditions of the experiment is formed normally or as a result of ab­

normal activation of the histamine releasing mechélnism. 

The activation of proteolytic enzymes in tissues and serum has 

been demonstrated by various techniques but there i6 little evidence 

to show that this i6 a normal metabolic occurrence. Eatnoff (1953) 

has sho~n that the clotting process activates a fibrinolytic enzyme 

but it seems dO'.lbtful that the action of thromboplastin is the me­

chanism that initiates the liberation of histamine to regulate local 

vascular changes. Possibly the local activation of the fibrinolytic 

system by other mechanisms could lead t -; the release of small amounts 

of histamine. It 1s a matter f ' r specu.lati0n that this will ev~ntually 

be demonstrated in living tissues. 

The suggesti-;n that ~lacentation of the ovum tru:es place by the 

release of histamine has supplied better evidence that histamine has 

a part in natural ~etabolic activity. (Shelesnyak 1952). Perhaps 

the participation of , hist~mine in the ~rocess of nidation i8 one of. its 

true normal metabolic functions. However, this study has not added 

anything to Ollr kn~wledge of how the release of histamine takes place. 

Evidence for the participation of enzymes in the liberation cf 

histamine by other stimuli is rather g00d. Many (if the systems des­

cribed have seemed to initiate their effect by various kinds of tissue 

damage and there is no doubt this itself probably releases. varying 

amounts of histamin'-' . (Trethewie 1938). However sorne of these in­

vestigations have a180 shoYn that activated proteases may themselves 

have caused -proteolytic destruction of the tissue and thereby released 
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The release of histamine by chlorofr: rm, as shownby the red 

"flare" response, is not apparently due to tissue damage but occurs 

as a result of roild irritation of the tissue cells. Other stu(Hes 

(Kaplan, 1944; Ungar and Mist, 1949) indicate that the chloroform 

act ivates a fibrinolysin and this leads to the relee.se of histamine. 

The two most intensely studied mechanisms causing histamine 

release arethose of anaphylactic and anaphylactoid shock. Except 

for the sensitization period necessary to produce anaphylactic phe­

nomena the two mechanis~s seem to bring about the release of histamine 

in the same way. The experiments of Rocha e Silva and Grana (1946)" 

Rocha e Silva., Scroggie. Fidler, Jaques (1947); Scroggie. Jaques and 

Rocha e Silva (1947) and Scroggie ar.d Jaques (1949) on anaphylactic 

and peptone shocl-: have shown tha t the se mechanisms, in dngs, are 

parallel from the time of the injection of antigen or peptone to the 

release of histamine. As weIl as histamine, heparin . and a "s1ow­

reacting-substance" vere also released. The white blood cell connt 

falls sharp1y, enormous cl~~p8 of leucocytes and platelets suddenly 

dislntegrate,and ~n activation of the plasma protease cceurs. 

In the section enti tled "hista.r:l1ne liberators" other features 

eommon to the two systems were seen. In particular, the studies of 

!.f:mgar an.d Schild (19.52) leave little doubt that the reactions are 

almost identical. The fraction of histamine releasecl by the two 

substances 48/80 and antigen, were foun~ to be ver,r much the same 

for either ncrmal or sens1tized t iss~les. but the concentration of 

hisi;amine in any one tissue did not predetermine the fraction re­

leased. The explanation for the parallelism between histamine 
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released by ehemieai reIes.sors and antigen suggested by Mongar and 

Sehild was that some degradation product of proteins was f~rmed by the 

antlbody-antigen reaction and had peptone-like effect~. However other 

experiments by these authors (same paper) suggested to them a rather 

more eomplex explanation. Since the action of the chemical releaser 

seemed to potentiate the antibody-antigen reaetion but was not potentiated 

by it,the effect of the f0rmer \>las thought to be probably further 

reaching and more permanent. Eaeh type of release was believed to 

inv01ve a loosening of the bonds between histamine and non-diffusable 

m~lecules in the cell to which the histamine was attached. It ls . 
odd that enzyme systems were not ~entioned as a possible mechanism of 

release. What the authors meant by "i".,volved a loosening of the bonds" 

ls not cleRr. They are nat, apparently, referrlng to the action of the 

releasers thernselves since these substances are sup111iable at the 

experimenters wish, and if the compounds caused release directly. eure.ly 

the hisfambe stores could be fully depleted with sufficient releaser. 

Since n"t even the largest eoneentratio:ls of 48/80 and/or antigen. l'rere 

able to rell'!8se :nore than a certai:l perc·.mtage of histamine, it is doubt-

fuI that they themselves have a simple bond splitting action. 

The authors apparently did not fol10w up their results with ex-

periments to show if enzyme systems ",ere involved in the mechanism 

of histamine release. The amcunt of "fibrinolysilY A..ctivated in each 

typé of tissue by the two mechanisms would ·luickly show them if a 

correlation existed. It is sClggested that a high correlation probably 

w~uld exlst between the degrGe of protease activation and the percentage 

of histamine release. To be more precise, it ls further suggested that 

the amount of histamine release may be u f'.l.nction of the"fibrinolysin" 

available. { 1'1 thi::. p~rr-:.Grap:h lIfibrinolysir:" has been used ta r~f8r to 
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Investigations along this line have recently been done by Ungar 

Damgaard, and Hummel. (1953). It is weIl known that profibrinolysin 

(F.F.L.) activation occurs when the specifie antigen is added to tissue 

suspensions or ser.Àm sensitized animals (Ungar, 1947; Ungar and Mist, 

1949; Geiger, 1952). Ungar reports that F.F.L. activation also ta~es 

place when hista~ine liberators snch as 48/80 or DAlO are mixed with 
that 

serum or tissue suspensions anct/ a com-,lete parallelism exists between 

conditions under which P.F.L. is activated a~d histamine is released. 

Sa!llples of gu1nea pig tissue suspension fluid were collected at 

varying intervals, and tested for proteolysis and histamine. Histamine 

release was found to occur '!lhenevcr proteolysis reached a certain 

initial rate. The ratio between release and ~roteolysis remained 

constant during the first 10 minute periode F.L •• used at concen-

trations similar to those obtained by F.F.L. activation, also caused 

the release of histaTJline. Streptokinase produced the sarne effect. 

Ungar rem~) rks that these r esults support the view that during 

anaphylactic and ana~hylactoid reactions the following sequence 

of events talŒ place. 

P.F.L. Activation --------------------> F.L. in active form 

---) :Brea-:'-:do\.m of proteins ',.0 which histamine is bound. 

---> Release of free hista~ ine 

The amo'mt of histe~ine in a readily avai1able forro ha,s been 

suggested (Feldb'3rg and Talesnik. 1953) to be correlated wi'th the 

susceptihility of the histamine of variolls tissues to 48/80. Rats 

which had received one dose of 48/80 were found to be refractory to 

subsequent doses in that they did not dis play the usual siens. This 
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was thought to be due ta a prevlous high 10ss of body histamine. As 

these experiments were do ne in wholp animals,and only skin histami~e 

estima.tions were made, it is not kno't ... n to what degree other factors, 

such as enzyme,took place i~ the reaction. They had found that 90% 

of skin histamine ~as lost after the intraperitoneal injection of 

0.5 mg. of 48/80. MQnear and Schild (1952) had found that the iso-

lated skin of guinea pigs reles.sed only 3cr,,0 of their histamine. ls 

there a reason besides species difference, for this disparity? It is 

suggested that in the intact rat large quantities of fibrinolysin may 
"" 

have been p.cti vated an6 rne.de availa.ble for the release of histaMine 

throughout the body. Thue in a live animal. refractoriness of histamine 

releasers may well be due to the loss of large amounts of histamine in 

all parts of the b0dy. Ho,.·rever, refractoriness in isolated ("still 

living?") tissues is probably more due to the loss of factors mediating 

the release of histamine. Mongar and Schild (1952) showed that if 

sufficlent time W2S al10wed tetween in je ct ions of 48/80 glven to 

contr2.ct an isolated guinea pig uterus, the effect could be repeated 

without tachY"'.Jhylaxis. They did not speculate on why this VJas so but 

there exist two possible reaS0ns. The (living) uterus had either 

produced (a) more histamine accessible for release or (b) more of the 

factors necesse,ry for the release of histamine. 

Feldberg (1941) believes that hista~ine might be released from 

a lipoprotein complex by the action of any hemolytic agent cape.hle of 

sp1itting lipoid su}' stances of a lecithin-like chA.racter. Rocha e 

Silva (1944) believes that histamine is released by the action of 

enzymes at the peptide bond l'!hich holds hista!!iine to an amino acid 



chain. He suggests that this bond may be split by one of two ways. 

Zither a native intraeellular' cathepsin is activated to split the 

bond by sueh substa!lCeS as p€:pto!le. antigen, or irritants; or the bond 

ie attacked by foreign enzymes sueh es are in toxins or venoms. The 

mechanisms of thi~ scheme is sho~~ in the fol10wing (Rocha e Silva, 

1944) • 

amino acid 

peptide bond 
proteolytic enzymes 
and/or animal poisons 

farginine) 1(::: 
ChainhYSine JTbound histamine --~~---.:--~Free histamine 

intracellular ~ '?1antienZymes) 
cRthepsins aetivators ~ 

pH optimum J 
etc. 

f Irritants 
Antigen 

1 Peptone 
l etc. 

The question mark indicates thp.t is is not yet known how the native 

enzyme system is activlüed. 

The nnative" enzyme system, however, is apparantly not entirely 

found within the cell from whieh histaœine 1s released. Such factors 

as F.L. and F.F.L. have aIl been isolated from' the plasma. The studies 

of Rocha e Silva (1?50) indicate that these plasma factors are espe-

cially important for the release of histamine in the doge 

In the section on enzymes it was shown that several agents and 

techniques are available for the activation of the serum protease 

usually designated by fibrinolysin. (Ferguson 1948). It has 0ccurred 

to the author th2t many of these features could be combined in a single 

seheme. The besis for the :pro:;?osed acheme wa~ 0btained from a paper 

by Seegers (1950) who has consldered the b100d clotting system as being 

composed of two basic mechanism8: one ls involveo. with coagulation, 
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the other with lysis. However, the tkO are not opposed to each other 

and each has an important metabolic function. Primarily,the ·function 

of the lytic system can be regarded as h8ving to do with the fibrin 

clot but this does Dot forbi o its participation in other systems. 

The followi~g diagram (Fi~~re 2) i8 basically that of Seegers 

(1950) but a number of factors which probably take part in the procesB, 

especia11y in relation to the fibrinolytic system,heve been added t 0 

clarify (1) the plcture. It is hop~ d that the large numb er of ac-

tivating fectors listed as profibrinolysin activators will not 

further c0nfuse the reader since only one fact 0r (11) is shown to 

take part in the A.F.L. - F.L. separAtion. As far as ls known none 

of the factors listed have been f()und incapable oftransforming"P.F.L. to 

F.L. 

The f ollowing are the references for Figure 2 (next page). 

(1) Ungar and. Damgaard (1951). 

(2) Ratnoff (1953). 

(}) Antifibrinolysin provided by platelets; Johnson and Schneider (1953). 
Antifibrinolysin decreased with in jury at first, then increased 
(see 7) 

(4) Lewis and ~erguson (1951). 

(5) Ferguson, Travis and Gerhei~ (1952). 

(6) Lundb1ad , (1950). 

(7) Cliff ton (1952). 

(8) Permin (1950). 

(9) ARtrap and Sterndorff, (1950). 

(10) Astrup, Crookston and HacIntyre (IS50). 

(11) Schmitz (1937). 
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A. possible mechEmism participating in the release of histamine whieh 

has Ilot yet been discussed in the thesis may eventually :prove very 

important. BlaschJ:o and Hawkins (1950) found that the affinity for 

the alkane diamines of histaminase and amine 0xidase eaused the 

diamines to be broken down very rapidly. However, the maximum ac-

tivity for the enzymes histaminase and amine oxidase was found to 

be respectively against the C4 and C13 diamin~s. MacIntosh and 

Faton (1949) and Alles, et al. (1953) had found that the CIO 

diamine had the greatest amount of histamine releasing activity, 

and the results of Blaschko and Hawkins (1950) indicate thRt the 

diamines of this length have more affinity for amine oxidase than for 

histaminase. Therefore it seems possible that the inhibition of 

amine oxid2.se may have sorne importance in the release of histamine. 

This aspect of the problem has not been dealt with in the experimental 

work but it is suggested that experiments with amine oxidase inhibitors. 

sueh as ephedrine, may help to elucidate the part played by amine 

oxidase in the release of histamine. 
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PART 2. Ji'.JCPERlMENTAL 'yORK 

The body of work deals Wit;l procedu.re::s and methods, including the 

administration of chemical compounds, concerned with the release of 

histamine in animals. Routine procedures will be described in this 

section. I>1:ethods used in special experiments will be described with 

the experiment under consideration. 

A. mUT HŒ ::ROCEDU1ŒS 

1. The Extraction of Hi~t~mine 

The method used for extraction of histamine from skin wae es­

sent ially thftt of Best and ~1cHenry (1930) and from liver that of 

Barsoum a!ld Gadd'J.m (1935). The extractionsW'Jre carried out as 

follows: 

(a) Skin 

The freshly removed skin sample which had been clipped free of 

hair was rinsed quickly in saline and then gently pressed between 

fliter papere to remove excess moisture. The tissue, usually le se 

than one gram, was \t!eighed in tared lOOml. beakers. 3ml. of conc. 

HOl and 7 ml. of water were then added to the beaker which W8.S placed 

in a wat8r bath at 98°0 for l hour. Excess evaporation was prevented 

b;;r covcring the bea:-::ers witi.1 watch glasses. At the end of the hour 

the clear solutions were neutralized with 10n NaDH and diluted to 

isotonicity with distilled water. Further dilutions were made with 

0.85% saline. The samples c01.üd be assayed lmmediately or stored 

in a refrieerator. 

(b) Liver 

Freshly removed liver samples W0re finely minced with scissors and 

placed in a 10% solution of trichloracetic acid, 5ml. per gram of 
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tissue. O.S ml. of conc. HCl per gram of tissue was added to this 

and the whole allowed ta stand for 16-20 hours. It was then filtered 

through a Buchner funnel, carefully washing the precipitate with 

l/S volume of trichloracetic acid. The c1ear filtrate was transferred 

to beakers and heated in a ~·,ater bath for 1/2 hour at 98°C. Excess 

evaporationwas prevented by the use of watch glasses. The solution 

'Aas neutralized to pH 7.S with 10 N NaOH end diluted to isotonicity 

with distilled water. Further dilutions were made with saline or the 

solutions were stored in the refrigerator. 

(c) Blood 

Blood plasma sam~les were usuelly not treated ~rior to the assay 

for hlsts.mine. 10 ml. samples of blond were taken and l ml. of 1. a% 

heparin used as the anticoagulant. If heparin estimations were te be 

made (metachromatic assay) 1 ml. of 3.8% sodium citrate was employed 

as the anti-c1otting agent. In sorne ex?eriments where difficulties 

were being encountered in histamine assays 1lsing the ~~inea pig pre­

paration, the meGhod of Code (1937) was used te obviate the presence 

in the samp~es of interfering factors. 20 mls. of blood were c01-

lected in 1/20 volume of 1~; heparin, spun at lSOO r.p.m. for 20 

minutes. The plasma was then mixed with lS mIs. of trichloracetic 

acid. After standing for one hour this was filtered and the precipitate 

washed with 4-S ml. portions of the acid. 10 m1s. of cone. RCl was 

then added to the filtrate ~~d the mixture was b ~ iled for 90 minutes 

over a lo~r flame. A watch glass over the beaker prevented undue 

evaporation. T~e mixture was then neutralized with NaOH and diluted 

to isotonicity. ~xtracts prepared in this way were assayed for 

histamine on the gut without difficulty. 
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Elood samples were ahTays taken from the femoral artery using e 

siliconed steel cannula. After each sample the cannula we.s rinsed 

with 10 ml. of saline and then filled with the antic0aguIan: . This 

was removed before the next sample was taken. The first ml. or 80 of 

blood from the cannula vias rejected before the collect ion was made. 

Immediately efter ta~ing, the sample was spun at 1500 r.p.m. for 

15 minutes. The plasma was th en removed wit~ a ~ipette and pleced 

in clean tubes. 

2. Methods of Histamine Assay 

(a) Guinea Pig Intestine Preparation 

This preparation was first described by Guggenheim and Loeffler 

in 1916. Since that time its value as a test object f~r histamine 

has not been equalled,either in sensitivity or in eccuracy, by other 

assé',y techniques. 

(1) The Apparatus (Figure 3) 

A plastic I2x7x7 inch constant temperature water bath was arranged 

for facilitation of the assay. The bath was set at 31°0 a.l1d was found 

to stay at this tem-,Flrature remar::ably we11. Reet "ras supplled by 

4 reslstance heaters pleced under the plastic case. 

The 5 ml. bath which contained the suspended gut preparation wes 

supported by the glass outflo~ tube which led to a ~lbber draining 

tune. (See dlagre.m). The inlet tube which enterAd the bath through 

the same bung as the outlet tube carried fresh Tyrode solution to 

the preparation. The temperature of the Tyrode was equalized to that 

of the bath by menns of a coil placed in the lnrger bath. Spring 

clips regulated the flow of solution through the bath. 

A hook 0n the oxygen inlet,which was suspended above the bath, 

provided a means for attaching the gut within the bath. One tnread 
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Apparatus em~loyed .in the assay of histe.mine utilizing the 

guinea. pig ileum preparation. ~he gut is suspended in a 

5 ml. bath by cotton threads between the writ ing lever 

and P hook on the {;lass or.ygen inlet . Fresh Tyrode solution 

is run into the bath Rf ter eAch contraction of the gut 

ce.used by the addition to the bath of histamine or other 

pharmacolo€icelly 8.ctive substances. 



attached the gut to this hook and another thread fixed the upper 

end of the gut to the writing lever located directly above it. 
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The thread was attached to the lever by means of a. small piece of 

plasticine which also served to balance the lever. Another piece of 

plasticine was at the end of this part of the lever. The lever itself 

was equipped with a frontal writing point \>!hich produced almost per­

pendicular records on the slowly moving (5 mm./min.) kymograph drum. 

A cable release at the fulcrum of the lever permitted steadying of 

the lever when the bath fluid was renewed. 

'fo help elimina.te any sticking of the stylus during the period 

of contre.ction a very small vibrator was attached to the side of the 

bath or to the arm which he1d the lever fulcrum. 

The Tyrode solution was made up fresh usually a few hours before 

each assay. The formula was as fo110ws: 

NaC1 9.00 grams 

KCI 0.42·grams 

CaCI2 0.24 grams 

iv:gCl2 0.005 grams 

NaHCO) 0.50 grams 

Glycose 1.0 grams 

Glass distilled water to 1000 ml. 

The mixing procedure was found ta be important as clouding of the 

solution occurred if the bicarbonate was added direct1y to the solution 

containing the other salts. Therefore the bicarbonate solution was 

made up in a separate f1ask and then the two solutions were mixed. 

(2) Preparation of the Gut. 

Guinea pigs of either sex weighing 200 - 300 grams were ki11ed by a 

blow on the head fo1lowed by decapitation. The abdomen was then 

opened and a piece of terminal ileum 20-30 cros. long was removed. 

This strip was then subdivided into sma11er 8-10 cm. Iengths and 
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gently washed through with Tyrode solution. All portions touched 

or handled in the procedure were rejected. Pieces th~t were not 

used immediately were st ored in the refrigerator but they did not 

Beem to have any particular advantage over sections not so stored. 

Sections about 2 1/ 2 cm. long having a wrinkled or dimpled 

appearange were chosen for the assay. Threads were passed through 

both ends with a sharp three-edged needle andthen tied 80 that the 
by 

gut remained open at each end. This procedure was f8cilitated/using 

a petri dish to keep the gut wet while it was beins attached to the 

oxygen hook. The ho ok with the gut attached was then transferred to 

the bath and adjusted for ~xlmum efficiency. The oxygen was turned 

on to forro a continuous stream of small bubbles in the bath. 

After severa.l washings the gut was usually ready for the test. 

If not, it could be "sensitized" by a large (.5lJ.g.) dose of histamine. 
reasonably 

Once established, the sensitivity of the pre:paration remainedj constant 

for .5 or reore hours. 

0) Preparation of the Histtmine Standard 

Throughout the study the dihydrochloride of histamine was uEed. 

Therefore 100 mls. of a 10-3 SOl'lt ion equivalent ta the histamine 

base was made up by dissolving 167 mgs. of the dihydrochloride in 

100 mIs. of glass distilled water. This solution remained stable 

for several months if kept in a refigerator. 10-.5 or weaker solutions 

were made up freshly in saline from the 10.3 standard. 

During the assay the strengths of either the standard or unknown 

sample cOllld be adjusted so that hetween 0.1 and 0.2 ml. was injected 

into the .5 ml. bath. After each refilling of the bath, the regular 

flow of oxygen bubbles to the surface adjusted the bath level to 

a constant height about l mm. below the height of the glass bath. No 
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other precaution was felt necessary t o assure a c '".' nstant bath volume. 

For rough estimation the fluid level of the bath was lowered slightly 

to accomodate up ta 0.5 ml. of the unknown. 

(4) The Assay of Histamine 

For 0.020 ~g. of histamine the gut usually gave 8 resuonse 

measuring 5 to 8 cms. on the Kymoeraph record. The sensitivity of 

the preparation was such that differences as small as 0.001 or 

0.002 IJ.g. of histflmine could be measured with accurecy. This ia 

seen in Figure 4. During the assay small variations in the reS00nse 

sometimes occurred but as c0;Ylparisons with the standard '/fere being 

ma,de continually thls could be ignored. AH injections were made 

with l ml. tubercüb type syringes equipped with 1 1/2 No. 20 needles. 

Comparisons c0uld usually be made eve~y 1 1/2 minutes but 

sluggish pieces of gut sometimes needed a fet .. more seconds. This was 

especially true if the saill~les contained a "slow-contracting sub­

stance". After every injection of unknown a comparison ... as made 

with the hist2mine standard. 

Suspicions of sensitization of the gut by the samples tested could 

'he te,sted by giving several un:mowns and then several standard his­

tamines. Another test of sensi t ization c Juld be made by superim­

posing injections of his~amine or unknown on the gut already con­

tracted by one of the se. With bath these methods abnormal responses 

of the gut to the sample or to histamine would indic~te the presence 

in them of sensitizing substances. 

Antihistaminics ~d atropine were used routinely for the iden­

tification of histamine in plasma and tissue samples. Neoantergan 

maleate (= mepyramine maleate) at a concentration of 10-9 in the bath 

u(!ually rëduced by 2/3 or more the response to histamine. Neo-
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::xaœpIe s of rccord.ings taken dnr i ns histamine aS E' Rys using che 
t,'u i nea -,ig il 8UID preparct ion. Figures refer tn add itions tri the 
bath of hist,ami n.e or p.ce tylcholine. in g . 
URpel' Left - ecord of responsep by t he sut cDuse d by the addition 
ta the bath of incre~s ing a~d decreasing amount s of h istamine. 
The ad.dit' ons were m"'de t\~'o mi nutes apart . It i5 no t :->bl e that the 
,;ut responds in a grad.ed rr.anner to flIDOU'lts of histA.!'1 ine different by 
oHIy 2 Tq.'.g. Sensitization of t ne gu.;~ to histami ne ~8S occurred a t the 
right of this record. 
Upper ?"ig;ht The effect of e.t ropine on mat ching doses " f histamine 
a~d acety 'choline is sh0wn . At a concentration of 10-7 of a tropine , t~e 
aet ion of aeety ... cholin'3 has b-;en abolished but t hat of his tarrine has 
not been great Iy a J'fect e d. 
L01ver Left A solution cont aining an 'ullmenm (U) amount of hista'Tll'1e has 
been matched by ~:nown val ues of h istamine a t two l evels. The unknown 
solution is thus verifie d to CJnt e.. ::'n 00 Tll1s his t pmi ne I ml. 
Lo~.,rer Rieht The addF ion 0 1\'eo8nl;er-an to the bath ha s lowered 

, cont ~8ct i ons of the è,ut in resl)onse t o histamine. I n ~ he eb s ence 
of neo;'nte 'gan the g'.lt r eturns i n p short ti"lle to normal sens itivity. 



93. 

antergen was allowed ta act in the bath 30 seconds before the his-

tamine \tIas added. v/hen the 8.ntihistaminic reduced the effects of an 

unknown sample and of a matching dose of histamine ta just the sarne 

degree, it was considered that the sample owed Hs activit'y ta his-

tamine. After thls, wlth neoantergan omitted from the bath, equal· 

responses of the gut to histamine and to an unknown containing 

histamine could be observed to retum t0 normal at equal rates. 

See Figure 4 for an exar.Jple of the use of neoantergan. 

Atropine tests were carrie~ out after equRl respo~ses to 

histamine ~1d acetylcholine were established. 0.05 ml. of a lO~ 

solution of atl'opine usmüly eboliehed the resuonse to acetylcholine 

but he_d little effect on the histe_mine respoJ1se. Unknown saIne>les 

that c0ntained only histamine a_lao wo~Üd not be affected. (Figure 4). 

where 
For aIl estimations j the plasma samples were known to contain 

drugs I·hat might influence the response of the prp.paration t0 his-

tamine,the effect of this substance on the gut was also determined. 

(b) Cat Blood Pressure 

This method was described by Burn in 192~ . 

Cuts of either sex weighing 1.5 ta 3.0 Kg. were used. Ch10ralose, 

80 mg.jKg. in a 1% solution was used as the anesthetlc and was given 

in one of two ways. By intreperitoneal in,jection the animal was 

usue.lly ready in 30 r.Jinutes but the period of induction was somet imes 

accomTla~ied by vomiting and defecation. If ether \-Ias used initial1y ' 

the :ç>eriod of induct ion wes shorter and more ':)J.easant, and the 

chloralose could be administered intravenously as saon as a vein waB 

exposed. Using the latter technique we have had very few difficulties 

and have generally fr:und that the preparation was a 'nore satisfactory 

one. 
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All in je ct iems were made through the same glass cannèlla 8 .S was 

used for administering the chloralose and the solution was washed 

into the animal with saline which flowed from a 50 ml. burette to 

the cann~la. By means of a spring clip on the rubber connecting 

tube 2 or 3 mls. of saline vere run into the vein after each in­

jection. 

The blood pressure was obtained fro~ either carotid artery using 

the regular 'Ilercury man0meter. Non-distensible plastic tubing was 

used to connAct the cannula to the manometer and also to a reservoir 

containing 3.~; sodium citrate. 

Bath femor!'!l 8.nd carotid cann'.lle.e vere siliconed to help prevent 

the formation of clots. The siliconi:J.g technique was first descrlbed 

by Jaques, Feld~ted and 1-1ncDonald (1946). 

The Assay 

Several small doses of histamine were firet given to determine 

the sensitivity of the preparation which usually responded by a 

smail deflection to doses of 0.1 - 0.3 ~g. Because of this low 

sensitivity, aboQt 100 times less than that of the guinea pig pre­

paration, thA aJnount of ll.n:'.:llown solution given was usually 1/2 or 

l ml. For c0m~ariso~, a 10-6 histamine s01ution was empIoyed and 

differences in the volumes injected made up by thB saline wash. 

Inj~ctions were made at constant intervals,usually every two minutes. 

Atropine sulPhate was used. ta exch1.de the possible effects of 

acetylcholine or choline in the samples to be assayed. The dose of 

1 mg./ Eg. was given im;nediately after the chlora10se injection. 

NeNU1.terga.n malee.te was also used t ~ prove the presence of hista.mine 

in the samples tested. 4 mg. / Kg. was the usual dose given and this 

was injected just bef0re the tfOst \V"aS ta he ma.de following the com-
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,arison of samples with histamine in the usual manner. An example 

"f the assay ?nd neoantergan test is seen in Figure 5. 

(c) The Chemical Assay of Histamine 

The teeh:tique used by GrAham, Lo,,,ry and Harris (1951) for the 

chemical estimation of histamine was tested in prelimina.ry experiments 

but, in my hands, was not satisfactory for routine determinations. 

Besides itslnherent difficulties, the method was nat sensitive 

enough, and the biologieal methods already described gave more 

reproducib1e results. Other methods (Nclntyre, Roth l'md Shaw, 

1947; LUQschez, 1949; Roberts and Adam, 1950; Born and Vane, 1952) 

for the chemica1 estimation of hi6ta~ine were not tried. 

3. The Est imat ion of Heparin 

The colorimetric method of Jaaues. ~ (1947) was employed 

as a simple test for estirnating the emôunt 0f plasma heparin in a 

number of experiments. The procedure is a modification of the 

origin!3.1 method which used the Lovibond Tintometer. 1'1nd was adopted 

for the Beckman Spectrophotoroeter by Ashwin (1950). 

One :nl. of the plasr.la to, be. assay~d is aélded to 4 ml. of a phosphe.te 

buffered solution cont'linine; 3 mg. ;~ of Azure A. dye. This solution 

is twirled a.nd poureà into the cuvette which is placed immediately in 

the Spectrophotometer. The readinc; obtained is subsequently matched 

a gainst a standard he:;Jarin curve prepared from the same dye solution. 

Up to 0.1 mg. of'heparin per ml. of undiluted plasma can be measured 

by this technique. C""ntro1 readings with '1orma.l plasma and the buffer 

solution are a1so taken so ths.t ccrrrections cari br: ,nade. 

On v.dè.itior. of the hep8rin, the maximum ,,!ave ba~d of the dye at 

620 lJ1.L ls reduced and a. new. weaker one appears a.t 520 q;.. 'T'his 

a 
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Fi 1ne 5. 

~he aS~8y of hist a~ine by mecns of the cat ~rt erial ~ressure 

prepe.re.t.ion . ~latch int: de:pr'lssior.. s in !l .. : l o~''J. :?ress,lT o S';O';J;:, 

tb.at ~l::l.SWl sarrpl e 3 b.as a histp . .1Îne e CJ.,üval e,lt of 0 .2 Ut; . / N1. 

Th _ bolit i on of these re p~ ns;;s ~W "e')8. 1t erSI' !l f llrther i nd i cates 

t hat tlle sample con~Hins hi..s~ 1.l11he . 

Ti me scnl = : 0 sec . 
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ehift la proportional to the heparin concentration. The metachro-

matie value is therefore determined by measuring the increase in 

light absorption at 520 IqJ.. Maximum sensitivity hO\l'ever ls obtained 

at a 'iI'ave length at 500~. (Ashwin 1950). At this wave length the 

abs0nPti n n due to the dye increasp.s linearly with heparin c ~ncentra-

tion. 

4. Blood Fressure Determinations 
ordinary 

Blood :Dressure records \'Jere usually made in the , / - 'IIISy with 

the mercury rnanometer and sodium citrat e pressure system. ~hwever, 

bec~us'3 of t l;, e r10ssibility thpt sodium cUrate may interfcre with the 

normé l mechanis !ll of hista::line release its exclusion from the system 

w~s obligatory. Rocha e Silva (1952) has snown th~ t citrate is ap-

parently able to stop the proeess by w!îie}; histamine is released in 

some allergie c ~ ~ditions. 

In order t o prevent the be.ckflow of citrate into the anime.l, a 

modification' 0f the apparatus devieed by "Ulib~cJ;t anq. Cuadr.al'947) W&s used . 

(Figure 6l. By means of a r~bber tambour, the blood pressure of the 

animal operateE the escape of s.ir from a closed mercury manometer unit. 

As the pre ssure rises in the animal the dome of the tambour, which 

rises not more than 2 mrn.,causes a daw~ing in the 31r system and the 

mercury rises. A fall in blcod presEure permits the air t" escape 

and the mercury to fall. 'Vith cereful adjustments of the air pressure 

and tambour t he blo'J d press1~re can be r ecorded 8.S faithfully as witb. 

the regular manometer. Calibr&tiol1 with a standard citrate-mercury 

ma~ometer is necess~ ry whenevEr t ~ is device is used. 

With t~is ap) are.tus it 16 estiI!la i". ecl that not more tnan 0.5 ru. 

of citrate snlution entera the anima~s circulation aven after the 

greatest pressure variat ion. 'Kxamyles of records made with this 

device will be fO'..lnd in the experimental worlc. (see Fig',l.re 10). 



--------------------------------nA~RES5URE-

1 

: 1 B/oOD 
1 PRESSU.I\E 

c. ,rt(~Ti 

RE~ ~J(JJlk 

TRP 

'_~ir uressure-recorder ' é-G."pted for ta~:i'16 Drteri~ 

l)reSSlres. :Jndulations f)f tn.e tlrrbour cau ed 

lood 

JreS9ure variat i rnR, rc~~ate the m'~ lf eet ~ressure of p 

stream of air . Ti1e "lir str,3RJU oper8.tes <l me rcury :nanomese r, 

c"l ïhra t ed for rteri31 ) res S'lre and arraneed \·:ith 8. st- lus 



97. 

B.TG CHARACTERIZA'i.'ION OF HISTfuHHE LIB"S?.AT0RS 

At the beginning of the experimental period a small supply of the 

compound Lr8/80. prepared by Baltzly, Buck, de Beer and \'iebb. (1949) 

was received from Dr. de Beer of the We11come Research Laboratories, 

New York. In the accompanying letter from Dr. de Beer mention was 

made of several of the properties of Lr8/80 and we believed that it 

probably wa8 a typical histamine liberator. Ta confirm the nature 

of this substa.'1ce a number of preliminary tests were perÎormed so 

that a basis for later experiments could be established. l also 

felt that this was necessary to ensure that the specifie effects 

of histamine liberators, 8S deseribed by earlier "Torkers. vere 

reprodueible in my hands. It ha.s been suggested that the criteria 

used by t-1aclntosh and Paton (1949) were not very specific (Alles : 

et al. 1953). 

As a result of these preliminary tests anot~er Îeature has been 

found \'l'hich could be used to characterize histamine releasing sub­

stances. This ls illus (; rated in part 4 below. 

In the meantime other gronps at l'HU Hill (Feldberg, Paton, 

Schachte~ a'1d Smith) and University Co11e~e. London (Mongar and 

Schild) had also received supplies of 48/80 and Îound it to have 

a typical, and very powerful. histamine-releasing action. Most 

of their experiments have already been mentioned. The present section deals 

with a number of easily illustrated characteristics of histamine 

liberators. 

(1) The Delayed Effect 

The injection of 0.1 mg. of 48/80 i~to a chlora10sed eat causes 

a sharp and profound fall in the blood pressure beginning about 20 

leconds 'after the injection. (see Figure 7 (b)). The amount of the 
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drug does net influence this time of delay which remaine the same 

for each animal, although variations are observed in different animals. 

(2) The Comparison ta Histamine 

Small doses of 48/80 cause a histamine-1ike def1ection in the b1aod 

pressure but 1arger doses Cause a pro1onged depression quite un1ike the 

effects of proportienate doses of histamine, which usually do net last 

more than one or two minutes. 

The dose-response curve for a histamine liberator, unlike that for 

histamine, i8 extraordinarily steep in the neighbourhood of threshold: 

starting wi th subthreshold doses often en increase of only lO,ÎI may cause 

a sharp fall in the arteria.l pressure. Double the threshold dose of the 

histamine 1iberator is usually able te lower the b100d pressure te Iess 

than 25/<> of i ts originel value. Thus, extrernely small changes in the 

dose of the histamine 1iberator rnay seem to cause disproportionate 

variations in the response. }j'or this ree.son t.he investigator muet give 

exactly the sarne dose in just the sarne manner if responses are to be identical. 

In the figure (7a,b.c) a comparison between doses of histamine, 

48/80 and diamino-decane diHel (DAIO), a typical histamine relea.ser, 

(}':acIntosh e.nd Pa.ton. 1949) can ee,sily be made. Approximate equal 

doses for the three are respectively: 1. 25!J·g., 15\.J,g. and 4 mg. Expressed 

as a ratio this is 1 :12:)200. All injections in lt'igure 7 were given 

at intervals of 10 minutes. 

(3) The Additive iffect 

Vihatever other specifie é"octions they may have, hista.mine libers.tors 

a.pparentIy ca.use this eommon effect by a.ctivation of the sarne mechanism. 

This ie il1ustrated in Figure 7 where small doses of two chemically 

dissimile_r lièerators 48/80 (b) and DAIO (e) may add up when given 
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together to produce an effect (d.) (g) equal in value to those pro-

duced by double values (e) (f) of their o..,m original doses (b) (c). 

The effect seems even more remar~œble when subthreshold doses of each 

drlg adè up to produce a threshold rewponse. From this illustration 

it can &e assumed that other histamine liberators could add their 

effects to those of D~O or 48/80 to produce a helghtened response. 

AIso, if it was desired to test a substance f0r histamine releasing 

activity this technique would provide a means for quick characteri-

zation. As will be seen in the chapter on protamines this technique 

has alrea.dy proved a very valuable tool for finding new !1istamine . 

re.leasers, 

(4) The Delayed Additive Effect 

If the liberating com0ound does not have a concentration suffi­
detectable 

cient b cause the release of lüstamine then it has no/action at alL 

(Figure 8 (a»), When the circulating concentration is raised by sub-

sequent inject ions (b), a normal l.tÜent :perioè. ls followed b,:' the 

usual blood llressure dr0;;. A third injection (c) sho"'Ts that the 

previous two doses, in ce.using the relesse of histamine, have them-

selves been destroyed. The mechanism of this disappearance has not 

yet been disc"vered. Because of the possibility that the additive 

effect mBy produce erroneous re~ponses. injections of liberators, 

either the sa ".e one .or otheorfl as was mentioned in parte 3 ~ muet be 

glven not more often than every 10 minutes. 

With the methylated liberator ME4DAIO the approximate rate of 

destruction ..... as estimated by injecting constant doses every 1 minute 

or 40 seconds, (see Figure 9), In the record shown. a single dose 

of 2 figs. seems t0 be co!!:rpletely re ":1oved from the circulation in 

·exa,ctly "ne minute. 

Q 
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Fi GU e - . 

'::'he eff _ct O!l the ciüora l 'J seè. cat 18 arte:-ial blood pressure 

of administeli.nê 4~/80 at short i nterva s . Se e texG for 

details . 
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F i gure 9 

"'he af ect on the bl o,~d """ressù.re 0:.' II chl or&losed. cr-t of 

admi'1iste:dng ':e4"';"10 ai· shor t interval s . "he f irst section 

sho\:s t,hat. 2 'l'J::;. of ~ .;e~A10 Giv13n ev _ry mi nute has li t t l e 

effect on the a!1Ïm:: l. Ifue!1 3 mG ' doses are cive!1 at t:üs 

int erv", l " fall OCC<Lrs <'lfter the !~t _ d" se . ':Jhen th i s dose 

\ ... as in j ect ed :.it 41"1 seconds the resro'1.se 0ccurred more 

sharply aft er t he I ~th d'Ise . 'he rat e of i nact i vatio!1 of 
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(5) Inhibition by Antihistaruinics 

MacIntosh and Paton (1949) found that a.nti-histamines prevented 

the fall in blood pressure c&used by small doses of releasers. Dews 

and. co-workers (1953), hO\'!8ver t could not demonstrate such a reduction 

in cats of the pressure fall caused by 4·8/80. Their dose of 10 mg./kg. 

of Neo8.ntergan blocked the effect of 0.1 mg./kg. of histamine but not 

that of 0.05 mg ./kg. of 4·8/80. Using about 1/3 of these doses of 

Neoantergan and 48/80 we were eble to black the f all in blood pressure 

(see Figure 10). '''inen a second injection of 48/80 was given 10 minutes 

after the one which follo\\'ed the Neo8n tergant a pressure fall was again 

observed. If Neoantergan loses its potency thus quickly then Dews' 

resul te are easily explained. In his experiment the ~~eo8ntergan wa S 

given in small doses a t a time almost 30 minutes before 48/80 \vas given. 

Another possibility presents itself with the knowledge that 

Neofmterge.n may also cause the rele8.se of histall1ine (Arunlakshana 1953). 

The fall in blood pressure which usually a.ccompanies injectiono of 

Neo antergan 18 a hista.mine releaser, then it too must be able to add 

with other histamine lïberators and cause eJl increased response. It 

ia not known INhy this a.pparent1y did not happen in our experiment ''lhere 

Neoantergan was followed by 48/80 two minutes later. On the basis 

that histamine ma,y 8.1so be released by anti-hi::ltcminics the works of 

i-îaclntosh .=_nd Paton (1949) and Dews and his associe,tes (l9~3) come 

under criticism: The inhibition of histamine effectA ,·,!th a substance 

tJ1.at may also ca.use the release of histamine ~hould not be permitted 

ta be used as a method for cha.r9.cterising h istamine releasillf:; agents. 
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Figure 10. 

The eff ec t of n o o2nt erGan nn the action of ~~:3 / 2 0 . 'rhe iIL'rlfbit i on 

caused by neoantergan !:las be lln to pass off 10 minu.tes afte r the 

ad:ni n istration of 80 ~ter6a .l . GhlfHal'lse d cat . "'he r ecord 

,.,ras mad,~ y us i ng the 1 air nressure-recorder' • 
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(6) Skin Reactions 

Lewis in 1927 first, used the "triple response" ta cla.ssify various 

chemicals which released a histamine-like material when they .. ere 

pricked into human skin. 

Pin pricks were made through 10-3 solutions of 48/80 and histamine 

on norm~l human skin and skin which had received small intradermic 

injections of neoanter6an. The resulti~g flarès and wheals were i­

dentical for both substances but they were smaller at the site where 

neoantergan had been giveu. Control pricks made through saline pro­

duced very minute red areas which soon disappeare • 

!.faclnt0sh and Paton (1949) had found similar for a large 

group of compounds having other histamine releas g properties. Their 

extensive investigation has shown thet slein testscan be used as a 

reliable index of histamine releasinG activity. 

Perhaps 1-1:aclntosh and Paton (1949) (and also myself) would not 

have injected these compounds so boldy under the skin if they had 

first done skin tests on guinea pigs. When 25 mg. dose. of ~O 

were given subcutaneously on the flank to guinea pigs, an inflam­

matory reaction appeared B.t the site of injection within 48 hours. 

In another day or 50 the area necrosed , ... ith the fOr!Ilat ion of an 

abecees.. Later a cC3.b formed and retracted frOID the healthy 

neighboring area exposing subdermal tissues. In Sorne cases ulcera­

tion of the abdominal 1I1al1 occurred ( see Figure 11). 

Neither D~O or Me2DA
IO 

appeared to have an i~~ediate general 

reaction on the animaIs and up to 200 mg./Ig. given subcutaneouslY 

was well tolerated. 

Using a very few animaIs a rough dnse - response estimate was 

made. The following data wes recorded when one ml. of various con-
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Figure 11 . 

The effect of 25 mg. 10 siven s bcu~aneouslY to a gulnea pige T ese 

ictures were taken 8 d s after the injection. See text fot det~iI8 . 
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centrations of He2DA10 were given subcutaneously to groups of two 

guinea pigs. 

5 25 35 Dose of Me 2DA10 (mg.) 

Wt. of Anima1s (Gm.) 

Size of Necrosis (sq.cm.) 

199 182 

15 

164 184 

1.6 0.7 

213 202 

1.7 4.9 

163 213 

5.4 2.25 

\'lhen Me2DAIO was given intradermally, smaller d') ses produced 

lesiorrs not unli~e those produced by subcutaneous injecti ~ns,but mueh 

smaller. With 10 mg. given in 0.1 ml. of solution n~erotic areas 

averAgiqgO.2 sq. Cill. were produced in 18 hours. These were sur-

rounded by inflammat0ry halos up to 1.5 sq. cm. Doses as srnall as 

one mg. of MeZ DAlO in 0.1 ml. produced no necrosis but there was a 

small area of inf1ammeti 0n up to 0.2 sq. cm. (Figure 12.) 
li berators 

Autopsies on animals ·killedby histamine;- always showed massive 

hepatized zones in the lung tissue. No other tissues seemed to be 

affected. The C8use of death in these anim~ls seemed to be due to 

respiratory conditions. In other animaIs killed by a blow on the 

head , the lungs usually showed a few small acattered areas of 

haemorrhag8. 

When doses less than those necessary to produce lesions were 

given subcutane :>u.sly eve ry other dey for 8. \fl€'ek ,nc effects \vere 

".0t iced, but at 8JltopSy a few of these animals showed smal1 haemorrhagic 

areae in the 1ungs. 

Altho1.l.gh D~O and Ne2D.A
10 

have very similar actions when injected 

into guinea pigs, this à.oes not ap:~:>ly to 48/80. Various d,: ses given 

once or for .c\ number of alternate days produced no les ion 8.t the site 

of injection. It was found that injections of 5 mg./Kg. or greater 

w8!'e llsllally.fatal within 0ne hour. Su ch symè)toms as tremor. respiratory , 

.. 
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Figure 12. 

~h9 effect of small doses of ~2DAIO given intradermelly to guinea pigs . 

Upper animal ; l mg. Le2 AlO in 0 . 1 ml. of saline. ~ t 18 hours a small 

i lammato arca appears . 

Lower animal; 10 mg Me2DAlO in 0. 1 ml . of saline . ~t 18 hours Rn °nflamm­

ator halo sur rounds a white area of necrosis . 
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distress, nase scratching, and con~~lsions usual~ termlnated in the 

aniIœ'.l's death. Autopsies rpvealed haemorrhages and hepatization of 

the lungs. Sl.lbfatal doses of 1+8/80 a1so !lr0duc,=d some ha.emorrhages 

in the 1ungs but there were no other lesi ~ns in the bo~~. Usually 

~A and 48/80 were inject.ed as the hydrochloride at a pR of 3 ta 4. 
10 . 

but tests made with solutions made up in 1.3% Na bicarbrmate (pH 7-8) 

showed that the acidity of the solutions injected had no effect on the 

fina.1 lesion. 

~ecause of the similarity of the appear8nce of the 1esion to that 

1escribed by Boyd (1°50) for the Arthus reaction.an attempt wes made 

to !)revent the form8.t ion of these lesions by the use of Sp1enin ~ 

(Un~ar (1951) has show~ that Sp1enin A was effective in !)reventing 

a passi~e Arthus reaction in the guinea piets leg joint.) In one 

test on 6 ;mimals: three of them th~\t had received 100 units of 

Sp1e:1.in A on 1+ 8.lternl3t e days :!)rior to the injection of 25 mg. of 

Me
2

DA showed no lesions; the other three responded in a normal way 
10 

ta the compound. H0wever confirmA.tion of this inhibition by Sp1enin A 

cou1d no be made when the experiment was repeated three more times. 

Drs. Ka1.z and Telner of the Royal Victoria Hospital have recently 

been imrest igat hg the dermatologie effects of the compound DAIO. 

Thug far, DAIO has been shown to be of 8. little value in treating 

some allergie conditions, but otherwise Hs action, as can be seen 

b.f means Qf the "triple response",is very simi1ar to that of histamine. 

Condit ions in which an iJll!lrovement was found afte!" t reatment with 

DAIO included dermatographisID, chronic urticaria, interdigital der­

matitle and prurigo nodularis (Telner, 1953). 

The a~in of various animaIs has been used by a number of inves-

tigators (Feldberg and Paton, 1951; Feldberg and Miles 1951) ta study 
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the histamine releasing action of various substances. In cooperation with 

Drs. MacIntosh and Pa.ton, a technique (Figure 1) firet described by 

Rosenthal and Minard (1939) for the determination of histamine liberation 

from skin,was performed with only a few modifications. Pieces of skin 

from normal or sensitized freehly killed guinea pige were fastened 

hairy side out, with elastic bands, on the tops of test tubes which had 

had their bottoms removed. The prepa.rEttion was then suspended in liquid para.-

o tfin at )7 c. ene Dl. of Locke solution, either normal or containing antigen 

or histamine relee,ser could then be placed against the skin which formed the 

floor of the ch~er, and after a measured time be tested for hist5.IIline 

content. In this .ti8-y the release of histamine could be measured in IJ.g. 

released/minute/sq , C;l. of skin. If desired, subcutaneous tissues could 

also be removed from the skin section used and placed in a regular te st tube 

for independp,nt estimations. The technique could also be used for the skins 

of doge and cats. Ive did not make very extensive investigations us ing this 

technique and reached only a. few conclusions. 

The method could be used 

(a) to measure the release of histamine by antigen or histamine 

releasers in IJ.g./unit time/ unit area. 

(b) to measure the skin hist8~ine of aIl animaIs, normal,pathological 

or sensit1zed, as it 19 released by the agent under investigE.tion. 

(c) to measure the hist2.mine available for release in different 

layers of the smin. 

(7) The Release of Histamine - Time Relationship. 

After large doses of a liberator. heparinized blood samples 

taken 112. to 30 minutes la.ter could be shown to contain varying 

amounts of histamine. The release seemed to occur explosively because 
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l{QUID PARAFF IN 

Figure 13-· 

_ method f or testin the re l ease of histamine from skin. 

A. The skin is attached to iH.eopen end of a test tube wij;h an ele.stic band. 

B. Section of A. The skin forma the bo tt om of a chamber lnto whlch the 

histamine la released. The l iquid medium 15 removed f or histamine 

estimat i ons and replac~d with f resh sol ut ion ever.y 15 minutes. 

C. Subcutaneous tissues can a l so be tested for the re lease of hist­

amine by pla.c1116 them in a gauze bag as shown . 
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the first sam~les always showed the highest ve.lues of histamine. 

Feldberg and Paton (1951) showed that the explosive release also 

probably occurred in perfused isolated skin and muscle preparations. 
in 

They sUf~ested that the histamine/samples takp-n after the first 

few mls. was due to a simple washing-out action of the perfusing 

fluide 

In the intact animal the rapid disa::?pearance of blood histamine 

is probe.bly a factor governing the level obtained. When 10 mgs. of 

histamine were in,jected into a 13 kg. dog 60% of the histamine 

disappeared f~m the blood streaID within the first minute. vlhen 

evenly distri buted the 10 mgs. in,jected by the femoral artery should 

have given a value of 8iJ.g. per ml. of plA-sma.but only 3 ',1g./ml. 

w~s found in the most c0ncentrated sample taken from the femoral veine 

The results are shown graphically in Figure 14. 

(8) The Releaae of 3eparin 

Plasma samples taken for the assay of hista~ine could also be 

used for the assay of heparin, providing tha.t the a~1ticcaGUlant use(~_ 

.... e.:. E:~. c i~.lJT; citr~'lte. The release of heparin wl'l.s only del'1onstrated in 

dogs. To substa.ntiate rnstachromat ic values, clotting timeewere 

also recorded,.. ln many insta:lc€'s clotting tim€s alone were used El.S a 

rough gaUge of heparin released. 

The release of hepa.rin also seemed to occur explosively. as could 

be estimated by the rapid appearance of metachromasia in the plasma 

samples. The duration of the effect caused by heparin is much longer 

than that of histamine, ho,"!ever, and this has been attributed to the 

binding of hepnrin witb. ser'~m protein~. (Jorpes, 1946). 

Using the fluore!Ocent liberator stilbamidbe, Riley and l'!est (1952) 

have been able to observe the explosive release of heparin from raast 
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Figure 14. 

Plasma levels of histamine follow1ng 1ts intravenous injection. 

1058.. 

Sufflcient histamine was injected into a 13 Kg. dog ta raise the plasma 

histamine level to 8 ~g./ ml. when even~ distributed in the blood " stream. 

The interrogations indicate the possible levels obtained in the circula-

tion before the 1/2 minute mark. The rapid 108s of histamine from the blood ;, 

stream probably would not permit the 8 ~g. level to be achieved. 
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cells. However. Devitt (1953) has shown that a grcat number of 

non-specifie methods arc available for the release of mast cell 

eranules ~md has aIs !) shown that the pot ent hista:::ine liberat Jr 

48/80 neither reduced the number of mast cells in various tissues 

of the rat nor hed any effect on the state of the granules. 
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C. THE SITE OF HISTAMINE RELF.ASE IN THE DOG 

By injecting knO\ffi doses of histamine and comparing the blood 

levels thue produced with tilose occurring in rulaphy1actic ~.xperimentst 

Dras stedt and Mead (1936) found that toxie amounts of histamine were 

required and thAt the vascular reactions produced by the histamine 

injections '-I/'3:,e alroost identieal wUl> the anaphyla.ctic reactions to 

which the b100d concentrations of histrunine corresponded. Ojers. 

Hoimes and Dragstedt (1941) subsêqllently s:lovred t:2at the liver was 

the source of hista-rine re1easeà. during the anaphyln.ct ie react ion 

and this fact i8 nm', generall;,' aceepted. However, l'iater. Markowitz. 

pnd Ja<1Ues (1938) have de':lonstrateè_ thnt not 2.11 a.naphylactic 

manifestations are associated with the 1iver. 

Experiments Witrl pe,tone by 3011lles, Ojers, and Dra[stedt (1941) 

similprly suc::gested that th.c. 1iver relea.sed s~ock-p!'oduein~ e.mounts 

of ~dstamine. 

MacIntosh and Fatou (1949) did not estirnate live!' hista'üne values 

in experiments ,"ith histamineliberators but 'Nere of ~he opinion that 

th·" com~ 'oWlds e:mmined by them coused their effects in the dog by 

freeing hepatic steres of histamine. It "as te test the validity of 

this assuroption that tee follewine experiments werp. und8rtaken. 

(a) Evaluation of Liver riist~~ine 

Hepatectomies were performed on male dogs of any slze.anesthe­

tized with nembutal (1 ml./SKg.) combined with sodium phenobarrital 

(0.1 Gm./Kg.). :Blood pressure records \olere net ma.de end blood samples 

were not taken. 

It \i8.S found that 3 pl)rtions of the liver could be taken 'Without 

trouble and without excess bleeding. These were: 1. the left lateral 

lobe, 2. the central lobe and 3. the remaining :portion largely composed 
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of the right later~l lobe. The first ~~d second portions were tied 

off with strone, wetted cotton cords and then removed with sharp 

scissors. Each part and its c0ntained b100d was weighed and treated 

for histamine estimation by the method ~f Earsoum and GaddlUB (1935). 

The la.st port ion was removed wi thout the use of ligatures. The gall 
• 

bladder was easily separated fro!:} this mass and excluded from further 

treatment. 

Portion l was usually taken 5 minutes before the liberator ~~e 

given and used as the control sample. Portion 2 was removed 20 

minutes aftar' the injection and this was follo't,ed immediately by the 

3rd part. 3stirrations 0n the 2nd and 3rd parts indicated the amount 

of histamine lost either by procedure alone or by procedure plus DA 
10 

inject ion. 

For most experiments assay was made by both guinea pig and cat 

blood pressure methods. Atropine and neoElntcrgan ",ere used in aIl 

assaye. No aesays were hamp~red by the presence of interfering 

sllb stances. 

In the accompanying table (TABLE l)all data connected with this 

invest igat ion are recorded. For all experiments DA
10 

v,as glven by 

the femond vein in a dose of l or 2 mg./Xg. This arnount was reduced 

in later experiments as t!:e larger d-·ses sometimes shortened the 

animal's life unless artificial r~spiration was exployed. With large 

doses the actu8,1 amount biv~n did not seem t'J influence the percentage 

of histamine released. 

Liver histamine in thetwo latter samples ·was evaluated statis-

tically for both control and ex~:erimental runs. The 10S5 of histamine 

by DA averaged 19.~ and was significant at the 0.1 % level (p=<.OOl). 
10 

In the con t rol samples the 108s of 3.75% was insignificant (p~.30). 
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(b) .BIood LevaIs of Histamine aft er DAIO 

Having found thp._t a substantiF~1 percent'age of liver histamine 

;"as lost durins shock by DAIO we now considered whether the blood 

histamine content gained during shock "iOuld duplicate this value. 

Estimations of blood hista"!1ine were made on plasma samples taken 

at various times after the injection of the liberator. 

In two preliminary experiments using 0.5 mg. of 48/80 /Kg. Qnly 

1.8% and l~~ of liver histamine l065es could be de~onstrated in the 

blood stream h:o minutes after the injection. This seemed to indi-

cate a very rapid IOEs from the blmod stream of histamine released 

by the liver. That this was probably true to S0me extent is sup-

ported by our 'mowledge tlu:::t at the 2 minute mark after 8. large dose 

of hista~ine (see Figure 14) anly about 20% of the histamine injected 

remained in the blood stream. 

For one experiment with DJ..10 ' the. liver was shown to ha.ve lost 

a total of 289 IJ.g. of histamine. but only 251Jog. c"'.1ld be deY.lo!lstreted in the blood 

at the 2 minute mark. By extending the curv~ formed by values obtalned 

at the 2, 4 B.!'l.d 6 minute mar~s bacôn.;ard to 0 minutes, a va.lue of 62 IJog. 

could be acc0unted for. However, the steepness of the curve in the 

region of extrap0lation forbids accurate estimations t~ oe made. 

By taking samnles every 15 œeccnds after 1.0 mg./Kg. of DA ,a 
10 

total peak value at 45 sec~nds of 67 ~g. histamine was estimated. No 

loss could be demonstrated for the liver,where every sa~ple assayed 

at 23 IJog/Gm •• but this is not very surprising as 67 IJ.g. represents less 

than 1% of total liver histamine and this would be extremely difficult 

to measure. 

In another experiment the portal route was used ta in je ct the drug. 1 

it 
T~is timeMas found that the peak level was reached at 20 seconds. 
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TlŒ LIBERATION OF HISTfu!IliE FRIlM TiIE LIV"J{ \'IITH DAIO 

CONTROL 

l~o. Liver Sample Liver as Histamine Liver ~:Jo • 
No. Weight 1% Total % of u..e.:, /Gm. Histamine 

Wdght Gms. Liver animal Cat G.Pig Ave. ~ .. of No.:! ~eigh 
1l.j.3 1 60.6 22.l.j. 3.0 39 31 . 35 -- V~6 
9 Kg. 2 16 5.9 23 25 2l.j. 67 ~. 7K80 

3 19.2* 71.7 30 27 28 82 
ll.j.l.j. 1 67.5 26.2 4.1 11 Il Il - 1l.j.7 
6.3Kg. 2 23.2 9 12 12 12 109 8.6Kg. 

"3 166.9 6l.j..7 Il 11 11 100 
14-8 1 88.8 29.2 3. 4 26 -- 26 -- 149 
9 Kg. 2 36.7 12.1 24 -- 24 92 9.5Kg. 

3 178.5 58.7 22 - 22 8l~ 

150 l 56 23 3. 4 16 20 18 -- 151 
7.2Kg. 2 32.7 13.5 16 16 16 99 5 Kg. 

3 15l.j..5 63.5 17 23 20 109 
153 1 ~2.2 27.2 3 11 -- Il - ~52 
10 Kg. 2 42.9 1l.j..2 12 -- 12 109 ~.5 y~ 

3 176.6 58.6 Il -- Il 100 
207 1 l.j.7 }1.5 2.} -- 24 24 --
6.6Kg. 2 21 1l.j..1 -- 23 23 97 

~ 81 '54.4 -- 24 24 101 
21.1 -

.Ave rages 3.2 18.8 95.5)96 25 
19.7 96 ) • 

~ * A fqfth portion of the 1iver was not used for ass~. 

Loss of histamine due to procedure = (100-96.25)= 3:75% 
Value of t for this difference = 1.03 
p ;;.. O.}O, S.D. = 12.75 

Dose 
D~O 

mg. 
27 

17.5 

19 

5.5 

6 

:SX?::ili D-ENT AL 

Liver SamE1e Liver nistamine Liver 
No. Welght %Total as % bl-K. 'Gm. ' Iffistamine 

Gms. Liver Dog Cat G. Pi,; AVE 

1 4-8. J4- 27./} 2.6 36 4J.j. 4<) 
2 21.1 12.0 28 3l.j. 31 
3 106.1 60.6 32 32 21 
1 72.2 29.8 2.8 l.j.3 35 39 
2 22.l.j. 9.15 36 30 33 
"3 147.1 61 27 23 25 
1 78./.j. 26 3·3 4-6 -- 46 
2 36.1 12 45 -- 45 , 186. -5 62 l.j.O -- 40 
1 19.8 11.1 3. 4 42 l.j.6 l.j.4 
2 l.j.4.1 24.6 34 3l.j. 3l.j. 
"3 107 65. ') 34 ,l.j. 34 
1 49.5 32.4 2.3 14 -- 14 
2 24.5 16.1 Il -- Il 
"3 78.l.j. 51.5 10 -- la 

37 
2.9 3l 

28 

Loss of histamine due to DAIa = 19.9,% 
Value of t for this difference = 6.33 
p = < 0.001, S.D. = 9.73 

'~ of No.l 
--
78 
78 --
8l~ 

64 
--
96 
89 
--
78 
78 
-
83 
75 

83.8 )80 10 
L6._~ • 

.... 
b • 
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The difference in times taken for the peak to be reached after 

femoral and portal injections ce.n ee.sily be accounted for if the 

liver i8 assumed to s '.lpply the histamine released. Howevp.r our 

?lasma histamine values still only accounted for l.~b of liver 

losses. 

In another dog the int raportal in je ct in!': ·o'f · · 3 mg/Kg. of DAlO 

produced plasme. levels of histamine much ,~reater than could be 

accounted for by direct loss from the liver. According to Dr. 

Haclntosh the value of 12 'tJ.g./ml. plasma established a new record 

for histamine releaeed after injection of a liberator. For the 

10.2 Kg. d 0 ..'; this level, which reached i t s :pea~ at 20 seconds, would 

give a total of 4896 'tJ.g. of plasma histamine. (Dog plasma value = 

~;b Body weight : Eest and T2.ylcr). 
the 

The loss of histamine froITjremaining 2 sections of liver amounted 

to 2778 'tJ.g. - an average 108s of 43;~ of th~ir n-:- rrr:el content of 42 1J.g. 

/grB.m. The discrepancy in values can be acco·,mted for by 2 possibillties. 

1. The sarr:ole contair.ing l ? fJ.g./ml. may have been taken at the crest 

of hista:nine just rele8sed and would naturally be abova the 

Rverage level in the circulation. 

2. DAIO may have released histamine fro~ sources other than the 

liver; e.g. the Iung. 

The second of these suggestions would aecessarily involve the 

lung or heArt as they are the only ort:ans situated between the point 

of injection and point of sampling. It is also necessary fo assume 

an explosive release of histamine from its S0urce so that the peak 

would accur sharply at the 20 seco:1.ds mark. The other obtained 

values are recorded bel~w: 



Tlme (seconds) 0 5 

~g./ml. (guinea pig) .01 .03 

15 20 30 50 115 

4 12 9 5.2 5.2 

~./rrù.. (cat) unmeasurah1e 4 12 10 10 10 

112. 

The other i!1eason seems ta be more sat isfying, but it i5 also dif-

ficult ta e~tim~te the time when e~lilibrium in the blood stream ie 

reaehed. Even if this WE'.S obtainable, an 'mknO\ffi amount of histamine 

would have been already lost from the blood stre8m. 

A..l1other diffieulty i8 the question of how mue!) released histamine 

ls destroyed by the liver itself. Anrep. Barsoum, and Talaat (1953) 

found thet th-= liver WP..S able to remove g~ ()d amounts of histemine 

from the bl')od stre-9m. The 10ss of liver histamine via the hepatie 

lyonphatics,8.s ShO\offi in sorne eé'.rlier experiments, is IÜSO possible. 

(Ilragstedt and Gehauer-Fuelnegg, 1932). 

For these reasons it was deeideà t ') fr-reg0 further atteT.pts at liver 

and blood histamine C0rrelation. 

(C) Histamine ?eleese after Portal Shunt 

The first two animaIs did not hé'.ve a proper portal shunt but the 

liver was isolated b~r means f)f firJl clam:os on 8.11 vessels entering 

the liver. In the table the results of two injections with and with-

out the liver in tbecirculati0n are recorded. 

Liver ll2i 1ll Oirculation 

Time (Seconds) r 0 10 20 30 70 600 1200 

Histamine (~g./rnl.) .015 .042 .032 .029 .042 .036 

2 l 53.4,J.g./Gm. Liver Sarnple iro. 1 56 • .5 ~g./Gm. Liver Sample No. 

Arrow in~ic~t e s ti~e of liver sa mplinG. 
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~ in Circulation 

Tble (Seconds) 1200 1210 1220 1 230 1245 1265 1325 

Histamine (~g./ml.) .018 .026 .030 .030 .04-5 

1800 l 
.022 .035 

Liver Sa.mple ~Jo. 3 35.2 p,g./Gm. 

Although extremely sma.ll incraases were f "und for both runs the 

participation of the liver during t~e 2nd part i8 established by the 

loss in liver histamine d';. ring the proce(L .. r~. Eve:. 1 ... Uh only 1/3 

of the liver available for release during this ~~ the total amount 

cf histamine released (666 IJ.g.) cOffil.'ared to that recovered 00.6 ~g.) 

6eemS somewhat improbable. 

In another d.og the great increase in blood hist8.mine caused by 

DA
IO 

could not be accounted for by release from the liver which was 

again clamped out of circ'üat ion. Liver values remained constant at 

64 ~g./Gm. but the plasmf' histamine rose t0 0.5 ~g./ml. et the 3 

minute mark, a.s shown. 

Time (seconds) 0 30 4S 60 180 600 

Histamine (~g./ml.) .O~ .033 .087 .325 .520 .100 

The ree.eon for this dela.yed output of histamine is not known. 

However the period between the land 3 minute marks ",as not sampled 

so :10 judge:nent regarding tne T!lanner of release can be made. 

In this eY.J;eriment. \-lhen the clamps 1r.'ere released and the cir-

culation ap~eared to have returned to normal, e second injection of 

DAIO failed to bring ab0ut a rise in the :plasma values of histamine. 

Th0 only indications of a reaction ~ere engorgement of the liver and 

an apparent fa11 in the blood pressure. Unfortunately, no third liver 
in 

sample was ta:œn, b,Ü all other observati0ns indicate that the/first run 

histamine was released from sources other than the liver. 
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Reversing the procedure. the initial injection of DA (2 mg./xg.) 
10 

intraportal1y, released a total of 1680 ~g. of histamine. Then by meane 

of a siliconed glass shunt (Figure 15) the portal b100d was transferred 

to the inferior vena cava. A hemostat forceps was clamped on the liver 

hilus to ensure no circulation thro~h the l1ver. 

During both injections the b100d pressure waB t~~en. With each 

injection a sharp fa11 occurred but there was no recovery after the 

second dose of the liberator. In the second run 140 ~. of histamine 

was found in the blood stream at the heient of the response. The plasma 

values were as follows: 

Liver in Circu1at;ion 

Time (seconds) o 15 

llist/amine (guinea pig .025 .99 
~g. ml.) 

25 ·35 60 90 600 5400 

2.14 2.4 2.4 0.5 0.2 0.075 

(cat) - 1.1 3.2 3.5 1.4 0.5 trace 

Llver out of circulation 

Tirne (seconds) 15 30 50 70 120 

Histamine ~g.fml. (guinea pig) .10 .20 .14 .1 .1 

(cat) -----------t race----···-·· ----

.. Employing the same glass munt, 2 more trials were made with 

the liver excluded from the circul~tion. Elood samples were taken 

before the injection and et intervels efter the injection of 3 mg.fIg. 

of DA • The results for one d0g are tabulated below: 
10 

Time (Hinutes) 0 1.0 

Histamine ~g.fml. 0 0.030 0.340 0.160 0.100 

10 

0.050 

In the samples at 0 aneLl mln'ües small contract ions were shown 

to be due to "slow-contracting substance ll • Samples from the other dog 



Figure 15 

Diagram to show the portal shunt used to exclude the liver 

from the circulation. The shunt is made of glass, siliconed 

to prevent clots. After the vessels are dissected clear, the 

shunt is inserted in two steps. (1) The portal vessels are 

ligated or clipped and the portal vein cannulated. (2) The 

cavaI vessels are clipped and the other two arma of the shunt 

tied in place. The clips are then removed and the blood 

allowed to pass through the shunt. The operation is a simple 

one. The blood flow is usually not interrupted more than 

10 minutes. 
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did not contain any histamine and only traces of "slow-contracting 

substa11ce" were f01Llld. 

The fact i~hat liver anoxie. may have been produced in the above 

experiments has not been neglected. This ls discussed in a following 

chapter. 

Concl~sions: 

(a) Significant amounts ·,f hista~line are lost from the livers of 

dogs shocked with DAIO 

(b) Histal!1ine may also be released from other tisEUes of the intact 

dog durin€ the shock céused by histamine liberators. 



D. K3FBA~TORI1CSS TG HIST.A!-1BTE LD3E:il.b.TORS 

In the preceding chapter it was sho~~ that the re1ease of 

histamine, even with large amounts of liberators. may vary in whole 

animals from extremely low to very high values. When a dcg i9 
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found \.ho responds very :poorly to the actions of histamine re­

leasers one is tempted ta cal1 the animal "refr~ctory". MacIntosh 

and Paton have aIse mentioned that in a number of dogs the effect of 

their histaminp. releasing compounds was either absent or much reduced. 

The only explanations 50 far possible seem to be that the 

animal' S SU'":l:.ly "Jf histamine readily availab1e for re1ease ls either 

naèura11y low,or e1se has been previous1y depleted by the administra­

tion of histamine liberators. An example of the f0rmer rnay be taken 

from the work A Mongar and Schild (1952) who found that very little 

histamine could be released from the inte~tine of guinea pigs, in com­

parison to that released from other tissues. The sma1l intestine, 

especia.lly, could. almost be classed as being naturally "rcfractory". 

Ho't,ever, in whole refractory animaIs every tissue must possess this 

queer propert;r or else, when released, the histamine must be destrcyed 

almost immediately. 

The well-known refractorinesE\ to :r,eptl)ne of dogs Just recovered 

from peptone snock wes found by l-!aclntoeh and Paton (1949) to extend 

to the effects of histamine liberators, for bath histamine releasing 

and clotting time effects. Howeve~many invest1gators have noticed 

tbat sorne dogs are from the beginning insensitive to peptone or 

liberatl)TS e.nd appear to exist that way, in perfect health, quite 

naturally. 

Since no explanation had been offereè for this state of refrac­

tivity,we therefore turned to study the phenomenon as one means of 
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Flpproaeh to the study of histamine liberat ·')rs, 

In the section on histamine release a number of rnethods were shown 

to be available te prevent various histamine releasing reactione (e.g. 

e.naphylactic) from reaching fatal !lroporÙons. Perhaps the use of 

ar..tihistaminics was the most succesf'.f~ll of these, but it .. ;as still on1y 

able to :!}artially prevent the symptoms caused by the histamine released 

and did not depress the releHse of histamine itself. In contrast, 

if a method ls able to prevent the 'înset r;f the 8naphylactic reaction 

in an animel,the anime.l can"he said ta be tlrefractory". (Aetual1y 

the term "refractory" bas only been ap~lied, by us, to animaIs that 

are natutally SOI "lnduced refractoriness" was to be applied t o 

animale in which the relea~e of histamine could be successfully pre-

ve:1.t ed). 

It is weIl known th~t doge. who have lived through a major ana-

phylactic reaction are usua.ll,v refractory t'Ô further injections 0f the 

antigen. This first intense reaction and the follo'dng refractionese 

have ~osed mejor difficulties in the study of ana~hylactlc and allergie 

phenomenal Since it 1s almost impossible to reeulate the degree of 

shock produced by the specifie antigen, the animaIs ean rarely he 

used more than once for any experiment. l'or . a limited nllmbers of 

experiments involving .~he study of . anaphylas1~, the grep..t variability 

of the reaetion usually necessitates large numbers I)f animaIs, lUre 

the dog, which cannat cl)nveniently be supplied in large number and .. 
of a pure strain. 

it p 
In the introduetion/was emphasized thatjgreat many similaritiee 

.::xist between the reactions eeen in anaphylactic reactions and 

those caused by"histamine liberators", either in ,,,hole animaIs or iso1ated 

t tissues, It was also ~ointed out that whereas th8 ana.phyle.ctic reactions 



118. 

could be regulated only with difficulty. those causeà by the 

histamine liberators were easily controlled and reproducible. 

It was already mentioned that the number of useful drugs that, 

as a side action, have the property of histamine release is already 

considerable and ls steadily increasing. The practical significance 

of the problem was thought to justify the investigation of possible 

prophylactic measures eve" when the logical basis for trying them 

out ,-ras rather tenuous. Two facts that have already been referred 

to (pagel16) made this somewhat random exploration appear more 

hopp-ful: 

1. The fact that dogs surviving severe shoc '.: illduceà by histamine 

liberators may be almost or quite refractory to further treatment 

with the hist~mine liberator, and, 

2. a small proportion of dogs, initially distinguishable in no way 

from the general run of dogs, are found to be inaensitive from 

the beginning. (see Figure 16). 

~ ~ Attempts to Characterize Refractory .ft..nimals. 

In our earlier experiments and in the studies of MacIntosh 

(personal communication) about 5% of aIl dogs appeared to show the 

peculiarity of refractoriness. As the kennels were supplled with 

dogs, therefore. we planned to characterize all the animals and set 

aside refractory ones. 

Initially, we wished to establish a method for characterization 

that would not injure the animal or make it useless for another in­

vestigation. We believed that this could be done quickly and easily 

by making a 11ngle injection of Iiberator and noting Whether or not a 

fall occurred in the blood pressure. 



48/80 
006b""l/K9 

Figure 16 
or DAIO 

48/ IlG 
0 11 mg /k9 

Responses of 8 dobs, to 48/80~ The lower right record 

shows that the usua1 response to a moderate dose of a 

histamine liberator was not obtained. The records show 

that up to a 10-fo1d increase in the amount of the 1iberator 

is comp1ete1y ineffective in the refractory doge Approxi-

mate ratio of refractory to non-refractory dogs • 1:30. 

uSa. 
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A fev trials teught us that some animals V0111d not cooperate 

and vould have to be anesthetized beforeœsting. Even vith thls 

help pressure readings by palpatioQ or ausculation vas difficult 

because vith small doses of liberator the duration of the fall 

was too brief and with large doses the pressure may be so lov 

that no measurement could be made at aIl. 

By means of a 20 gauge needle inserted into the usually anes­

thetized animal's femoral artery the arterial pressure could be 

measured in one of tvo ways. 

1. A tambour citrate pressure system with kymograph recording,or 

2. An electromanometer in Which the pressure vas recorded on a 

slow moving viso-cardiette graph after modification by capacitor­

type transduoer. 

Either system was found to register pressure variations quite faith­

fully but clotting usually occurred ev en in siliconed needles within 

5 minutes after their insertion. However no refractory animaIs vere 

found in a total of 8 attempts. 

SupPosing that the release of heparin occurred simultaneously 

with the release of histamine, clotting times were used to determine 

if liberetors were evoking this type of response. Using one 20 gauge 

needle throughout the procedure 5mls. of blood vere first taken from 

the brachial vein and placed in tubes for clotting times. A l ml. 

syringe was then attached to the yet inserted needle for injection 

of the liberator and one minute later a third syringe wasused to 

take another 5 mls. of blood. A reasonable increase in the clotting 

time served to indicate that heparin, and probably histamine, also 

had been released. The method vas certainly a successful one but still 

no refractory animals could be found. One objection to this technique 
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la th~t while concomitant rele~se of heparin and histamine has 

never been disputed. it is not yet a proven facto 

The behavior ôi unanesthetized animals aftsr injection of a 

liberator suggested that this alone eould be used as a rneans for 

distlnguishlng those not responding to reasonable doses of the 

l1berator. Any combination of the usual features sueh as itehiness 

and nose rubbing, sneezing, wea.kness, defeéation and/or vomlting 

should readily serve to separate uncharacteristic dogs. The plan 

seemed e, good one but st ill no refractory animal c01.11d be found. 

Apparently we had rniscalculated the number of refractory animale 

normally oceurring in our kenne1s or else had been un1ucky in ~ur 

choice of subjects. 

2. Âttempts to Cause Refractoriness to Histamine Liberators 

In the paper by MacIntosh and Paton (1949) it was shown that a 

nuraber of substances c·-'uld be employed to depress the response ee.used 

by histamine liberators. However the in.-''libi tions caused by calcium 

salts, heparin, or alkalis were not suudied further. The following 

investigations were carried out with the hope that inhibition of the 

action of histamine releasers could be obtained. A successful method, 

if suitable t would be a valuable p'rop~lact ie measure against conunon 

medicinals whose hermful side actions include the release of histamine. 

(à) Miscellaneous Experiments 

The technique of testing for refractoriness waB a simple one. 

Thresholds of doge to 48/80 and histamine were found b8fore and after 

the treatment and increases in the ratio of 48/80 to histamine indi­

cated the degree of refraetivity obtained. 

Initially a number of sim~le procerulres were tested once or twice 

each but without suecess. These were: 



121. 

Cl.) The Administration of dietilled water to produce haemolysis. 

l-1aelntosh and Paton (1952) found one dog in whieh the accidente.l 

injection of hypotonie soluti(:n had caused extensive intra­

venous haemolysis. The dog was found to be refrectory but the 

cause 0f this had ~lOt been f 011o'l,ed up by them. 

(21) The Adrninist ration of Indian In~ (1 ml. /Kg. ). 

The reticulo-eniothelial System 18 believed by so~e lmmuno­

lOGists to be of significenee in autibody formRtion and in the 

genesis of an8phylaxis. It a?pearad to be of interest to try the 

effects of "bloeking" this system. 

(3) The Administration of thrombin ( 2 mg./Kg.). 

The release of heparin and possibly of some prote~se that i6 

asg ~eiated with the ection of hista~ine liberators, and the 

re~ote possibility that the netura~insensitive dogs were 

those 8uffering from s0me thrombotic condition,suggested the 

trial of thr'"lmbin. Thrombin is currently believed to be a 

proteolytië enzyme with s:necial affinity f ~ r specifie lin:œ:~es 

in p!"othrombin. 

(4) The Hanaal Traumatization of the Abdominal Viscera. 

'Phere \Vas no very good reason for testing tnis procedure except 

that it is known that the application of varlous types of trauma 

in BAveraI species has been followed by increased resistance to 

stress. (See Selye, 1946). 

(~) Typhoid Paratyphoid (A and B) Vaccine. 

Typhoid v~wcine ha.s been given intravenou.sly for the treatment 

of asthma and other allergie c '-nditions - often with marked 

imlrovements followin.g thA ehills 8.nd fever. (Feinberg, 1949). 
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It was thought th~.t the reas(\nable siI!lilarity in these conditions 

to thé'.t of histamine releaae ... .rarranted the trial of vaccine. 

(6) Acetyl Salicy11c Acid (A.S.A.) 

110 apology ls needect. for the application of A.S.A. to our 

studies' since it is known to have sorne beneficial effect on 

a variety of clinical conditions and also prevents an~phylaxis 

in guinea pies. The ilÙ1ibHory affect of se.licylates on the 

release of histamine and sloyJ-reA cting substance in sensitized 

guinea pig lungs has recently been snown by Trethewie (1951). 

(b) Cross Imraunity Exneriments. 

(l.) IllL"Jl1mity to 48/80 after large d.oses of Hists.mine 

Ey thecontinu0us injection of hista~ine over a period of 

several.hours Ernmelin (1951) was able to raise the threshold of 

C8ts to hista~ine a greRt number of times. In his experiments up 

to l mg./Kg./ minute of histamine was given. 

Using Emmelin's techniQue, cross immunity hetween hist9.mine 

and 48/80 was attem?ted. Four cats and one dog were used an~ several 

millilSrams of histamine were infused during periods v1?rying from 1.5 

to 3 hours. The effect of this treatme!lt was deterr:lÏned by finding 

thresholds for b0th Sllbstances before ~nd after the infusion. The 

histaJ'line threshold was found to have incre3seo. an p.vere.ge of 45 

tim8S (range; 4 to 160) while the threshold to 48/80 increased an 

average of 10 times (range 0 to 20). 

These values wer"~ comparable to other exneriments i"here only 

a little histamine was injected intermittently and changes of this 

order vere nat Sgen. 

The meche.nis'11s thought res:ponsible for these changes i .. ere: 

(a) for histamine - a reduced ability to evoke a resl)onse in the 
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blood vessels because of their ful~ di1atated condition; in­

crea.sing1y rapid destructi0n of histamine and/or neutralization 

of itby: 1. the kidney (see Emmelin, 1951), 2. histaminase, or 

3. other body systems; and 

(b) for 48/80 - a reduced amount of tissue histamine readily avai1ab1e 

for re1ease, or, as above for histamine. 

(Z) Cross- imnunity between "liberator shocJ.rlI and anaphylactic shock. 

Refractoriness of sensitized animaIs to the specifie antigen 

was first shown by Be~redka (1908) and Besredka and Bronfenbrenner 

(1911) to oceur in animals which had just received one dose of the 

antigen. It was suggested by Topley and 'Ulson (1929) that such animaIs 

were rendered refractory by the saturation of antibedies. On the other 

hand, " cross-immutl1ty ' " between peptone, trypsin and histamine liberators 

seems te be due to the exhaustion of preformed hists.mine stores in the 

body tissues (Feldberg and Talesnik, 1953) or else, as Bronfenbrenner 

(19 l l4) has suggested, . to a rise in the serum antitrypsin titre. 

It has alse been shown (Bronfenbrenner, 1915) that the injection of 

anaphylactoid asents caused animaIs to become refraqtory to anaphylaxis 

and remain so until the raised antitryptic titre returned to normal. 

(:Surdon, 1942). 

It was partly to test the application of this last statement to 

hista'lline libere.tors in dogs that the following experiments were under-

taken. 

Dogs were ser,Sit ized to egg albumen using the technique of Scroggie 

~ (1949). After 30 days,dogs that did not die fo11owing severa1 

large doses of 11berator or egg white were reinjected an hour or 50 

later with the other agent. In aU experiments the blood pressure 

was taken by means of the air pressure-recorder (see Figure 6) and 

clotting t imes were observed. 
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Results in these tests were only taken from those in which the 

first injections caused good histamine-releasing reponses ( indicated 

by tte blood pressure record). In every case, whether the animal was 

first desensitized to 48/80 or egg album in , (three experiments of 

each), an injection of the other substa~ce usunlly caused a further 

fall in the pressure. With the second injection, the blood clotting 

time which had already been raised due t0 heparin released by the 

first age:lt ., at,'"ain l'é)se to values above normal. 

One set of plasma histamine levels, estirnated before and after 

the dog no lorlger responded to injections of egg alb1lmen, showed that 

this treatment increased the values from a normal of 0.03 ~g./ml. 

up to 0.05 'tJ.g./ml. L~8/80 th en caused a further increase to 1.1 ~g./ml. 

Thus ia no instance could cross immQ~ity between histamine 

liberators and anaphylaxis be sho~m. 

(e) The Reproducible Threshold-Il.es')onse Technique 

In order to measure smaller differences caused by influences 

modifying the release of histarr.ine,our technique waB modified to a 

manner sllitable for statistical analysis. The threshold dose of the 

liberator was e stablished as befAre, but now it was given intermittently 

every 10 minutes. Histaffiine controls were given every 10 minutes 

mldway between the liberator injections. Threshold doses were taken 

to be those which caused a fall in the blood pressure of about 20;~. 

When a constant thres~old dose of the histamine liberator could 

be' gl ven 4 or 5 t in:es with very little devie.tion, the threshold was 

considered as having been established. The animal was then subjected 

to the proposed modifying influence and injections of the liberator 

were continued. Differences in the response were usually very easily 



seen and if desired conld be treated statistically. Also, any 

ch.2.nges crmld be compared te thos'c observed for histe:1ine. By 

tIlis technique it ,·muld be possible to determine if the effect 
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of the ne", influence was Immediate or delayed and whether it acted 

strollgly and then diminished,:r began slowlS, to reach a œaximum 

effect sorne time later. 

C~ntrol animaIs (cats) were observed for periods up ta 

four hours. Figure 17 shows tne Average magnitude of responses 

obtained in 8 animals treated with DA
IO 

and histamine. Table 2 

gives a coml:lete account of the ,iatec employed together witt the' 

blood pressure observed at each interval. 

A n"J.mber of ca'lses are suggested te acco1.lnt for the fluc~­

tuations seen. At very high or very low blood pressures the per­

centage falls are often greater or smaller respectively th an those 

obtained at media! levels. The fall 8cems te be a function of the 

blood pressure and possibly reflects the tonus of the capillaries 

and their ability to rele.x t0 histamine. Unfortunately thie cannot­

account for sorne very lerge falls occurring when the blood :ç>ressure 

is very low. The major depression in the D~O line which represents 

the average response to repeated doses of the histamine liberator cau 

be almost wholly accounted for by the values obteined in one experiment. 

Expt. No. 258 (see Table 2) shows ~n abrupt change in the depressor 

reeponse at ah0ut the second hour and this 8gain rises at about the 

3.5 hour mar!:. The graph may have been a much straig.lJ.ter Une if the 

responses in this one experiffient were more consistent. 

The occasional occurrence of a tempory reduction of the response 

after the injection !"If any drug under trial, in the absence of any 

modifying agent,therefore may be of only casual significance. In one 
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Figure 17 

Control responses in cats for threshold doses of DAlO and 

histamine. Injections were given every 10 minutes to 8 cats. 

+ 

Responses were recorded for periods up to 4 hours (see Table 2). --

l25a. 
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or two experiments, indeed, (e.g. see hydroferulie aeid) the first 

experiment with a new substance appeared to gi'T-3 promise of the sought-
was by 

for act ion - a l'romi se thatj beliedj fact s lat er obtained. 

The great sensithity of many B..!lim:als to l1berators at the beginning 

of the run may accoùut for c;;reater responses at the left side ·jf the 

fli,ure • . This ia believed to be du.e ta the preSef'lCe of :nore easily 

releasable histamine, and, as this sup~)ly dis~ppears during the 

1 
exp.;,riment, the ani!:lal rssponds less dra:llaticFl.lly. 

"-
Vith this technique then, the following influences were evall~ted 

for their inhibitory affects. 

(1.). Homologues of AdilJic acid 

1>lith SUCQ simple hista'"".Îne liberators as those of the straight 

C!hain dia'l1ine series, we th011e.'rJ.t thet Interference by molec:lles of a 

similar 6truct~lre but opposite in charge misht he possible. To try 

this idea, the straight chain aliphatic acide like adipic and its 

homologues were ne"J.tralized with sodium hydroxide and injected into 

cats. 

FlgJ.re lB shows the ?rompt reduction that occurred in responses 

to both hista"'ine and the histamine liberator. However, the responses 

ret1.lrned to normal v.<üues almost as q,:::.ickly. TIacause of the àntàgonisrn 

of adipic acid towards histamine. one ls unable to judge whether there 

was any irulibition of th~ release of histamine by the liberator. 

In siœ more experiment s ,.,.ith adipic acid on cats, the pattern of 

abolition for both histamine and the histamine liberator response was 

~lways the same and only once did the effect last for more than half an 

tour. 

Of the other acids tested in this series (sebacic, dodecanoic, 

azela1c) only sebacic appeared to have very mueh activity. but 1ts 

action was not unlike that of adipic and could only be obtained when 
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BEFORE 5 MINS 15 MINS. 
ADIPIC ACIO AFTER AFTER 

AD/PIC ACID 
120- ~ 2OQmg./Kg . ..... HISTAMINE 

l l 0./5 ug. / Kg. 

f t DA,o 
B.P Q58mg./Kg. 

HIST. DA,. HIST. DA,o HIST. OA,o 

Figure 18 

The inhibitory effect of adipic acid on the hypotensive 

actions of DAIO and histamine. Chloralosed cat. 



Table 2. Control Series - Percenta.;e Fc.lls i n Blood Pre E'sure witt "';ho lli:::+. r:m i!"Le Li~ er?\"')!" , Dl~10 F.nd 3istar.ine. 
Gt1lrres;?ondint: 310: d ::ressures ~'.r e Tabu1at3d. 

Exp. i-it. n' Hours JJ.n.1Q :To. Ke· l'I1e· 0 1 2 3 

'257 3.1 1 30 22 13 19 15 15 19 28 23 26 27 ~5 30 - 23 37 30 25 33 27 47 29 
258 3.4 2 49 38 - 40 1~8 50 53 46 - 48 39 4.Cl, 16 10 10 13 10 10 10 40 !YS 26 
259 4.0 1.5 46 hl i3 32 32 40 35 19 25 26 2l 21 13 17 9 6 14 7 8 28 6 5 
260 3.5 1 9 13 14 30 26 17 111- 5 9 8 - 10 4 5 6 6 8 11 13 10 8 
261 3·0 2.5 36 ~6 28 23 26 33 45 42 35 29 - 30 
262 3·5 2 29 23 22 16 
~ 65 2.7 1 46 50 31 22 29 30 24 17 39 y3 19 11 9 12 15 26 18 12 17 22 14 2R 15 26 
266 3.0 1. 2 46 20 24 20 16 10 12 0 16 l~ r, 15 13 1'7 

'J 1 

Aver;.'ses 32 30 21 25 28 28 29 24 25 27 23 23 14 12 14 18 16 13 17 16 18 22 30 26 

Stand. DevG. 14 12 8 8 10 13 14 l LI- la 1) 10 12 () I~ 8 10 7 7 9 9 15 13 I S 0 
üst n1J ine 

257 3·1 0-31-15 17 22 19 20 28 17 16 16 20 19 25 29 3) 21 )~ ~ 29 29 33 36 36 
258 3.4 0·3 - 31 - 26 16 15 19 21 - 22 25 22 ?6 26 2!r ?6 30 28 - 16 12 7 13 

59 4.0 1.0 26 15 la 18 9 8 7 4 4 10 16 1 ~ 9 15 16 15 15 12 8 12 12 
260 3.5 0.5 30 22 19 18 19 17 :::1 22 17 13 - 22 26 25 25 24 26 - 28 22 26 
261 3.0 0.5 8 10 Il 18 10 2l - 14 20 13 

62 3·5 0.) 9 9 12 
265 2. 7 1. 0 26 2Lj- 24 24 29 26 23 24 26 29 29 31 29 26 28 37 33 29 27 29 - 27 29 -
266 3.0 0. 5 35 36 32 38 1}0 38 45 26 30 Y 29 ?8 33 

--
ven>.ges 2l 21 1·9 23 19 20 22 ?Lr 19 19 25 24 26 23 23 26 26 21j- 2L~ 25 22 20' 18 13 

Stand . Devs. Q 9 7 67 11 Q 10 8 8 7 5 6 e 4 .5 8 6 7 10 9 9 g 10 0 
100d Pr<3Ermre 

257 3·1 180 180 1°0 170 164 153 1~0 1:3 120 126 132 130 134 - 13'+ 12!} 138 13L;. 13h 13h 132 19-2 
258 3.4 122 132 - 126 126 121, 120 120 - 124 128 130 1~2 1':'-0 140 150 144 1!+l~ - 150 154 152 ISO 
259 4. 0 126 122 123 128 124 114 98 98 104 108 123 134 134 128 132 l29 l!~O 142 140 15'3 152 
260 3.5 140 140 140 132 114 106 112 120 130 132 - 152 144 141j- 140 l42 - 11~~ 150 152 1h6 
261 3.0 1011- 10'+ 106 106 116 116 98 100 96 101.j. - 100 ,...,,, 

3·5 104 120 134· 141} '::; UL 1-' 

265 2.7 110 108 96 90 88 92 100 9'+ 102 10l~ 112 laC 112 114 122 124 124 122 
!\) 

128 128 126 122 134 132 --J 

266 3·0 86 100 92 108 120 111+ 148 164 160 170 16ô 164 172 • 
152 

;'veri'i!.8S 121 123 123 125 122 118 116 118 128 124 133 131 133 131 133 133 136 137 138 13fl 142 144 Il:') 141 
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700 mg. jKg. of the acid. neutral1zed with NaOH. was given. 

The mechanism behind the brief Inhibitory action ofthese acids 

is not underst ood. In vitro tests showed that adiy lc acid and DAIO ' 

the histamine liberator, do not co-precipitate. Also, when the two 

suostA.nces ''lere injected together into cats the effect was the same 

as if DAI0 had been given alone. 

(~} Versene 

Versene (ethylene diamine tstracetic acid) was shown by Rocha 

e Silva (1952) to prevent the activation of anaphylatoxin in rabbits 

blood by agar. Although versene i8 able to render the blood incoaguable 

by virtue of its calciUm removing action, the absence of calcium in 

the blood does not prevent an~phylatoxin formation. 

In two ex:periments on C8.t s, . di-sodium versenate (:Bersworth Cham. 

Co.) Framingham, I-ie.ss.) was f rmnd to have no more than a brief pressor 

action in doses up to 15 mg/Kg. (One animal died when given 18 mg/Kg.) 

Versene did not interfere at any time with respenses te either DA
IO 

or histamine. In one of the experiments a slight potentiation of the 

D~O effect occurred. 

{Jl Suramin (Germanin. :Bayer 205) 

Guimaraes and Lourie (1951) have recently conducted tests on 

the inhibition of sorne pharmacological actions of pentamid.ine by su-

ramin. Earlier, MacIntosh and Paton (1949) had attributed many of 

v Iess comfortable ph~cological actions 0f pentamidine, a drug used 

against sleeping sickne8s, to the release of histamine. Laurie found 

that suramin, B.lso a drug used in the treatment of sleeping sickness, 

could be injected with pentamidine and prevent the latter from releasing 

histamine or causing a fall ln arterial pressure. 

Guim!iraes and Lourie were of the opinion t.h.at suramin and pen-

a 
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tamidine given together wouldnot cause chemotherapeutic Interference. 

Even though Buramin and pentamidine form precipitateswhen mixed, this 

same ?recipitatewas believed to prevent the impact of high concentra­

tions of drug on vital canters immediately after the injection. A 

slow dissolution of the precipitate would probably not evoke a release 

of histamine in dangerous concentrations - it is net known how much 

the amount of hista::line release woul li be modified. 

The po1ybasic acid, suramin, well-lmown for treating trypanosome 

affections,was found to have an anti-liberator aotion comparable to 

heparin. Like heparin, suramin coprecipitated with D~O (see Figure 19) 

and this action was probably the reason for Rmallèr hypotensive effects 

of D~O when it was given to animaIs just after the administration of 

suramin. Figure 20 shows the t~ical effect obtained for large doses' 

of suramin. The short duration of the effect seems to be much like the 

one caused by adipic acid. 

It la interesting to note that both heparin and suramin have 

strong affinities for and are able to neutralize haemolytic complement 

(Jorpes,1946). nowever, it is not known if DArO or other liberators 

act by displ~.cing or influencing complement in any other way. 

(~} Pheny1pr::roane derivatives. 

By means of a cooperative e.rranGement with Charles E. Frosst 

and Co. Nontreal, Dr. Irving Levi of th.<'lt firm was able to provide 

us with a number of compounds which were hoped to inhibit the release 

of histamine. 

l am lndebted to Dr. Levi for the foll~wing paragraphs which 

serve to introduce this section. 

"r-ly reasons for susgesting this particular class of comnounds 

(ie. phenylpropane derivatlvas) are based on the following. Paton (1951) 
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l·l1ztures of Sur<>.min and nll0 in distilled ~rater. 
DAI0 concentration constant (1~) 
Suramin added in 1ncre~~ing concentration. 

Tubos ~l1xtu.res Results 

l l nll. Dl..t.o + 1 cl. 9u.ra.min 1/100.000 Olaa.r 

2 n n ft • • 1/';1).000 Faint opalescence (no pr ecipita t e) 

:3 Il ft Il n 1/2000 Dense opalesconce (no precipitat e) 

4 Il Il ft Il Il 1/100 White precipita te 

5 n Il Il Il • 1/50 Dense and floculant precipitat e 

6 • Il ft Il ft 1/25 JBint opalescence 

7 Il • • • Il 1/10 C1ear 

8 Il Il Il ft n 1/5 C1ear 

Figure 19 

The in vitro action of suramin on a histamine liberator. 
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BEFORE 10 MINS. 30 MINS. 

SURAMIN AFTER AFTER 

t-r- fuSURAM'N 
IOOmg./Kg. 

B.P. HISTAMINE 

0.17 ug./Kg. 

DA.o 

Q.67mg./Kg. 

HIST. DA.o HIST. DA.o HIST. DA.o 

Figure 20 

The inhibitory effect of suramin on the hypotensive action of 

DA10. Chloralosed cat. 
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points out that since compound 48/80 releases 10-30 m01eeules of his­

tamine for eaeh basic unit of its mo1ecu1e "the meCh8!l.ism of histamine 

release by compound 48/80 and presumably by all the other 1iberators, 

which in 0ther respects it 50 c10sely resembles, must therefore be one 

by which the 11berator ean cause the release of consideranly more than 

its own molecular equi"e.lent of histamine l1 • S:lch El. mechanism cou1d 

conceivably be fO'.md in enzyme activation. The reverse mechanism, 

ie. enzyme inhibition. could then be used to explain the method whereby 

substances are able to inhibit the re1ease of hi~tamlne. 

" RochEl e Silva (1946) concluded that the dlscharge of histamine 

(and heparin) from the liver of an anaphylaxis-like condition produced 

in doge, constitutes the 1ast step in B. complex chain of reactions. 

name1y, the probab1y activation of 8. proteolytic enzyme (trypsin), 

fo1lowed by the release of histamine (and heparin) by the activated 

trypsine 

Il Neurath, et a1(1949) have shown tb.at. of many compounds tested. 

phenylpropionie acld (hydrocinnamic ac1d) ~ -CH
2

-CH
2

-GOOH wes the 

best inhibitor of a-chymotrypsin. Although e-chy1r.otrypsin ls the 

pancreatic esterase-proteinase and. does not 1iberate histamine, l 

neverthe1ess considered i t signifieant that the phenylprO]?8.ne unit 

should aet a.s sueh a strong inhibitor of this enzyme. It \tI'as also 

considered significant that Barnard and Laidler (1952) in a study of 

the a-chymotrypsin-hydrocinna.mic ester system put forth the hypothesis 

that the activ~ site on the enzyme to which the hydrocinnamic ester 

s.f.taches itself, consists of a -COQ group and 8.n ;; Nlr~ the latter 

belonging to the imidazole ring in a histidine residue. 

"Compounds containing the phenylpropane unit ~ere theref0re thought 

worthy of consideration witb reeard to their ability to modify or inhibit 
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the release of histamine in the living cell. Sincc each unit of the 

polymer 48/80 could be considered as a phenylpropane unit in which 

a nitrogen atom was inserted between two carbon atoms in the side 

chain, it was thought that similar compounds which did not have the 

nitrogen atom might act in the opposite manner to that of 1~/80, 

le. inhibit the release of histamine." 
1 

CH30- <. > -CH2 -GH2 G-cH2 , 
?H2 

Subsequently, the compounds sent to us from Frosst' s represented 

a few of a lar&e series of naturally occurring phenylpropane coropounds 

and derivatives isolated from lignine 

Following fi number of reproduclble thre.shold responses to DA 
10 

the coropounds "lere ad..rninistered, usually in saline, to the cat by slow 

injection. The results are rec0rded belcw in 8umrr.ary forro: 

1. B~drofenllic acid CHO-~~ 
Hà-" - / - CH2-CH2-GOOH 

(a) Dose 10 mg/Kg. The response to DA
10 

(1.5 mg) was almost aboli shed 

for about 1.5 hours. The response to histamine (l~g.) was un-

changed. The blood pre~sure rose slovily after the injection from 

120 to 180 mm. of Eg. The response t·o DA returned tri !'lormal 
10 

about 2 hours after the acirl was given but the cat died of unknown 

causes soon after. 

(b) Dose 10 mg. /Kg. '::'he response to DA (1.5 mg.) \'18S aboli shed once 
10 

only immedi8.tely after the acld wes glven. Hlsta.mine responses 

" .. ere constant. The blood pressure rose from 100 to 150 mm. of Hg 

over a 10 minute ~eriodbut remained irregular even after the vagi 

were secti0n~d. 

(c) Dose 16 mg./Xgo (in a 1.3% solution of NaHC03, pH 8.) There were 

no cha..'1.ges in the response to DA10' histamine, or in the blood 
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pressure. 

(d) Dose 12 mg./Kg. The only change was a slow rise in the blood 

pressure. 
N02 

2. I-Guaicyl, 2-1'1e, 2-ni t ro ethylene , 
CH=C-CI] 

(a) Dose 10 mg./Kg. (in 1.3;b Na.liC0
3

). Â...l'\ immediate short lasting 

pressor affect was seen but there was little effect on thè res-

ponses to DAIa or histamine. A second dose of 20 mg./Kg. caused 

an increase in the histamine threshold of 20 times (20 ~g.) but the 

response to DA
10 

was not changed. The anti-histaminic effect wore 

off in about one hour. 

(b) Dose 5 mg./xg. An im~ediRte short lasting pressor effect was 

3· 

obtained on injection. The threshold of hista~ine was raised about 

4 times the n'Jrmal value but the DA
lO 

response wa~ unchanged. 

further la mg./"4!;. had no greater. effect. 

B-acetoxy propio vanillone 
O .• CO.CH3 CH· 0- ~ ( 

H6 (= '7 -CO-CHz-CH2 

A 

Dose 9 mg. /'Kg. ( in 1.3;'; UaEC0
3

) caused a sharp cransient rise 

in the blood pressure but there were no other chAnges. A second 

injection of the compound (15 mg./Z{r,.) had no gre8.ter effect. 

4. B-Ghloro ;~ropio vanillone CHO~~ 
Hê- \=/ - CO-Cli2-CH

2
-Cl 

Dose 17 mg./Kg. A sharp immediate rise in the b100d pressure was 

the only significant effect recQrded. 

5. Po1yisoeugenol ( CH 1)-~ 
( Rd ~ '/ -CH=CH-CH) ) n 

(a) Dose 11 mg./Zg. ( in 10 ml. 50% ethyl alcohol). A slight 

modification of the DAIO response alone lasted for about 

30 minutes. There \oTas no change in the blood :;?ressure. 
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(b) Dose - 1. dose of 20 mg./'Kg. killed the cat almost iJJlll1ediately. 

Solid particles of the substance were noticed within the .in­

jection cannula and these may have been at least partly res­

ponsible. Since the c~mpound was water insoluble and aince 

most solvents have effects of their own, tests were discon­

tinued. 

Most of the drugs tested showed only a slight and fleeting effect, 

if at aU, on the histamine releasing action ô:f DAIO' Since the 

average effect r;f DAIO was usually equal t" only a few ~. of histamine, 

a complete abolition of this s.mall event oUGht to have been ootained if 

the . substance tested held a.ny promise as an inhibitor. 

The insolubility of polyisoeugenol in aqueous media prohibited 

an accurate estimation of its properties as a histamlne-relea.se- in­

hibitor. 

( j; ~ Alcohol 

Our reasons f0r using ethyl alcohol as a possible inhibitor for 

the effects of DAIO were: 

1. To serve as a control for such in je ct i ~ns as me.y require alcohol 

as a s'!lvent. 

2. To attempt inhibiti 0n with alcohol itself because it ls known 

that ~lcoholic liquors frequently produce relief in asthma (but~ 

not other allergic conditions). (Feinberg, 1949). 

3. ,Gray. et al, (F\51) found that ethyl alcohol was able to abolish 

the anaphyl8ctic response of the guinea pig ileum to antigen. 

In three attempts with diluted nlcohol, no reduction of the DAIO effect 

could be obtained. The maximum dose given was 18 ml. of 10% ethyl 

alcohol per Kg. In one animal 25 ml./Kg. had a fatal result. 
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(S) Sodium CHrate 

There were acain sevp-ral reas~ns for testing s0dium citrate 

for an inhibitory actir:m e.gainet histamine liberators. 

(a) Sodium citrate was used in the blood pressure cannula in all 

experiments. Although the possibility for a large backflow 

into the animal was slight, because of the air pressure-mano­

meter-recorder, small 8,roOunts of citrate may have entered the 

blood stream. 

(b) Rocha e Silva (1952) mentions that citrate has a striking in­

hibitory effect on anaphylatoxin formation and says it also 

decreases the amount of histamine released fr0m the doge liver 

in anaphylaxis. 

(c) Mclntyre, Roth and Richards (1949) foundthat citrate (and 

oxalate) i~~ibited the release of histamine from rabbit cells 

by peptone or antigen. 

By em:ploying the usual methods, two cats were given 760 and 

166 mg. /Kg. of sodium citrate as a 3.8;Z solution. :::;ro change wae 

observed in the r~sp0nses to either histamine or the histâmine 

liberator following this treatroent. 

(7.) Typhoid-Pàratyphold ( A and B). Vaccine (Parka Davis & Co. Ltè..) 

In order to substa~tiate earlier indications that TAB had no 

effect on the action of his~amlne releasing compounds, observations 

were made on two more cats, tested using the present teci;rnique. Rectal 

therrooroeters Indicated that . the vaccine exerted its usual h~erthermlc 

affect, bi.lt during almost ,'+ hours after the injection of T.Ai3 (1/2 ml. 

intravenously) no change in the response to the liberator (ME~.!8) 

was observed. 



(8~ Acetyl 8alicy11c Acid (A.S.A.) 

Trethewie (1951) l'lao_ founè. that eodium salicylate and A.S.A. 

inhibited the release of histamine from 3 sensitized guinea pig 

lunes and Gr~y and associetes (1951) cO!1firrned these results for 

sodium salicylate. When Acetyl Salicylic Acid (A.S.A.), lJO mg./Kg. 

was hydrol~ed and neutralized with sodium hydroxide and injected into 

tW0 c!")ts, no inhibitory effect .-,n the threshold responses ta ME;::DAe 

was observed over a period of two hours. The insolubility of A.S.A. in 
saline at a neutral pH proh1bited its injection as the acid. 

(9~ Soya Rean Ttypsin Inhibitor (S.E.I.) 

In one test with S.E.I. the fall caused by the histaoine liberator 

waned almost to zero 2 hours after the injection of 25 mg./Kg. of 

S.E.1. However, when the dose of liberator wes incrF:"sed sa that 

threshold responses reappeared, 80 mg./Eg. of S.E.I. had absolutely 

no inhibitory action. This casts d'Jubt on the ]Jossibility that S.E.I. 

caused the in,itial waning of the falls occurr1ng after the liberator. 

In a second exper1ment after the injection of S.E.I., only 3 responses 

could be obtained befora the animal died. Although the responses were 

typical no conclusion ce..n be drawn from this experiment. Eecause of 

the expense of S.B.I. and other trypsin inhibitors it was decided to 

forego further experiments of this kind. However, our two trials agreed 

with the experiments of Scroggie, Jaques and Rocha e Silva (1947) who 

also could notattenuate canine pe~tone snock with 20 ng./Kg. doses of 

S.E.I. 

Ees1des this, one property of S.E.I. is to combine almost 

'instantanecusly with trypsin ta form an irreversible inactive compound 

(Northrop, Kunitz and Heriott, (1948). If this 0ccurred with a trypsin-

like enzyme supposedly acting in our experiment after its activation by 

the hista:nine liberator. ME2D~0' one w01l1d expect that the resonses 
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to the liberator w0~ld be nullified immediately after S.B.I. and then 

slowly return to normal. Since the molecular weit;ht of S.B. l. also 

prohibits its dispersion from the blood strea8 aftcr injection, S.B.I. 

would not be abla to inh1bit the histamine lib':3rating action of ME2DAlO 

if that reaction occnrred outside of the circulatory system. 

Other tests on the S.B.I. used here (?ersonal communication from 

A. L. Grossberg) indicated that it possessed full en~tinhibtttn8yactiv1tl. 

Grossberg ~9)3) showed that inhibition of release from liver cell par-

ticles by the hist~~ine liberat0r, propamidine, required 1000 times 

more S.B.I. than did inhibition of similar releasc by crystalline 

(ln)noxia 

.In a previous cha';lter 1t was noted thHt in e:lQieriments on the dog 

where the liver was momentari~y excluded from the circulation, a degree 

of anoxia may have occurred. At that time it was hoped that such anoxia 

which lasted only a fG'" minutes ' .... ould not prevent thA normal release of 

liver histamine. Now, we believed that a longer period of anoxia might 

alter this release by im)airing the metabolic processe5 of the liver. 

In "Experimental Surgery" (Markowitz, 1937) the development of anaemic 

necr0sis of the liver followint; liga.ture of the hepatic artery 15 des­

crlbed. This necrosls proved fatal ln 15 to 20 hours. 

In our Axperiments we therefore determined the threshold values 

for DAIO given both by the femoral and by the portal vein and then 

clamped off the hepatic artery so that it no longer supplied the liver 

with oxygen. After 4 and 3.) hours of liver anoxia in two dogs threahold 

doses had chansed very lihle. In two other dogs with uninterrupted 

arterial supplies, there was also no decrease in the responses to DAIO 

by either route. Threshold resnonses to histaIT!ine weT'e unchanged by 



137. 

this treatment. 

(11) Neoantergan and Atropine 

Parrot and Rurstein (1950) demonstrated that while peptone shock 

could not be attenuated with injections of atropine or phenergan (an 

ant ihi stamine) alone, i t waa grea tly dimini sh ed follo,"ling inj ect ions 

of both these agents (Burstein and Farrot (1949) had already shown 

that atropine itself was a histamine releasing agent.) 
\ 

In the course of our tests we attempted attenu~üion of threshold 

effects of histamine liberFttors b;:,r atropine and neoantergan. "Earlier, 

in a few tests where neoantergan was given alone to abolish the effects 

of methylated liberators, inhibition did not alwaye occur.On the 

c0ntrary an increesed response was sometimes observed (5ee Figure 21 B). 

Now, with atropine alone, potentiating effects were also usually sean 

(Figure 21 C); and in combination with neoantergan one could not guess 

which way the deflection would be, although a definite chenge always 

took place. 

Parrot and Eurstein did not actempt to explain why the combinat ion 

of atropine and neoanterga~ caused attenuation of peptone shock while 

either Etlone had little effect. Similarly, our results were somewhat 

puzzling, and when seen together (Table 3) the confusion increased. 

We have already sl.~own t.hat neoantergan alone decreased the hypotensive 

actinn of 48/80 (Figure 10), but why should two histamine liberators 

such as atropine and neoantergan (Pellerat. and !-1urat, 1946) some-

times lnhibit the hista~ine releasing response and sometimes increase 

it? 

The full realization of what was happening did not ooeur to us 

until experiments were begun with protamine and tn8 reader is asked 

ta follow up this investigation in thRt section. 
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Figure 21 

A. The inhibitory effect of Neoantergan on the hypotensive 

action of DAIO. Chloralosed cat. 

B. The potentiating effect of Neoantergan on the hypotensive 

action of Me4DAlO• Chloralosed eat. 

C. The potentiating effedt of Atropine on the hypotensive 

action of DAlO. (Tracing of original record) Chloralosed cat. 



Table 3 

Exp. :Dose of Lib-
No. erator and 

Eiste.mine 
166 l-fE4J)AIO 5.5 mg. 7 8 

BE4DAS 5.0 rng. 5 5 
Hg "DA,:: 4.5 mg. 23 19 

-( " ./ 

Histafuine .5 ~g. 22 25 

175 DAl 0.8 mg. 3 6 
His~amine 0.2 ~g 8 4 

255 DA 1.5 mg. 21 22 
hi~~p.mine 0-3 lJ,g. 19 

257 D~ 1 mg. 47 32 
Hls~amine 0.3 ~g. 36 36 

258 DAlO 2 mg. 26 l}2 

HistaMine 0.3 ~g~ 8 12 

Attenuat ion and Potentiation of the Elood Fr t~ssure Res20nse to 
ilistamine Liberators. with ~eoantergan and Atropine. (:xamplœ) 

% E100d Preseur8 Falls to Liberator or 
Histamine Given every ten Minutes 

11 Ueoantergan 12 Neoe..nt erc;an 12 NeOa!lterGan 
8 0.75 mg./Kg. 18 1.5 :rl[;. /T..;. 18 3 5 mg Ir; " • .; • ··6· 
43 40 40 
33 15 8 

6 N eo:mt ergan 0.75 3 I~ 

10 4 mg./'Ag. 3 0 0 

23 Atropine 49 71 51 
28 10 mG./Kg. 18 

Neoantergan and. Atropine 20 I G. ,:' 
9 mg./Kg. of each 00 00 

Atropine 54 55 ~Teoant ercen 
10 mg. /Ag. 0 0 10 r:Jg. /Kg. 

16 
27 
50 
00 

o 23 25 
o 0 5 

net Ghanbe 
aft cr 

influence 
incr8aEe 
increase 
--------
decrt:.?se 

rlecre8tlt; 
à.ecrease 

increase 
----_ .. _-

decrease 
decrease 

iner. decr. 
decr. 

1-' 
\.N 
co . 



139. 

(12~ protamine 

Beee.use of the intense combining propert ies of heparin and 

protamines (Jaques, 1943). and the presence of heparin in condi­

tions where hista~ine was a1so released, it was only natural to test 

protrunine for its inhibitory action against histaTfline re1easers. 

Two experiments sufficed to make itclear that protamine. far 

from interf~ring ",ith the relee.se of histamine. in fact appeared to 

potentiate the release much as ne'îantergan end atropine did when they 

were eiven Just before other hista~ine-releasing agents. 

At this point the saspicion that l)rotamine W2S itself a histamine 

reIe~ser set off a number of investigations th~t eventually provided 

evidence for a new aspect of the pheno~en'în of histamine release •. This 

material ap2?ears in a later section. 

(13J Metbylated Aliphatic Diamines 

These substances were investlgated to provide information of the 

comparatbre hist8mine releasing activities of methylated and non­

methylateè. straieht chain diamines. It was a. sim!)le matter to show 

that mono- or bis- dimethylation of the compound 1,10. diamino deca~e 

(D~O) would decrease its histamine releasing action. However, as 

these methylated compounds were also examined for other effects on 

sev~ral species of animaIs, the results are prAsented together in the 

next section of this chapter. 

(l~) Splenin A and Cortisone 

Figù.re l shows schemes of two connected mccQi1.nisms dealing ,-,'ith 

the relea.se of histamine and heparin. The scheme O!l. the right hand side 

was derived from the papers of Ungar (1951). 

Ungar has presented evidenca that the "rate of inactivation of 

fihrino1ysin, by its inhibitor antifibrinolysin. i6 accelerated hy 

hormones from the pituitary gland and the adrenal cnrtex. The action 
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appears to be mediated by the spleen since it is absent in splenec-

tomized animaIs p.nd. can be reproduced by a substance in the spleen, 

Splenin A. In contrast to this accelereting effect of Splenin A, 

a retarding influence was shown by a nother substance found in the 

spleen ~~d bone marrow -- Splenin E". 

By cautiously accepting that the final liberat~r of histamine 

may be this enzyme designated as fibrinolysin, the substaYlces Splenin A 

and. B became very pertinent to our stuè.ies~ With a small surrply of 

Splenin A, our first experiment was fortun~tely a successful one 

(see Figures 22 and 23). 

When 12.5 1.lnits were injected into a 3.7.5 Kg. cat, no effect ap-

peared 1lnt il about he.lf an hour had elapsed. S'lddenly almost com1~lete 

in..hibition was obta.ined 100 minutes nfter the injection, but this dis-

aP!leared almost as quickly. 37.5 '.mi t s more of Splenin A then caused a 

seco!1d \'ianing of th., response te the liberator and with this large dose 

the latent period waB consider~bly shorter. The effects are clearly 

shown in Fig'~re 23. The D~O effect \"li?S abolished at the 100 minute 

mark and full activity has bee,l regahed at. 2 ')0 minutes. Splenin A 

did not appear te have any effect on the action of histamine. 

Une unit of Splenin A was d.efined b.:: Unga.r as that amount G"1li_terial 

wn!è5nnr~auC~a :thê ~ ilifl~lêr1r pe.Ui'YeiA.r~~~s:,re~~~f,l~~'t:gy.i~~ePig8 
by 50% as measured by the Bwelling of tue ankle Joint. The 
reaction ws c8.used by injectini; the ankle joints of gJ.inea pigs with 

egg albumin one hOl~r after the saroe animais had received intracardiac 

injections of anti-egg albumin rabbit serum. (Ungar, Damgaard and 

Weinstein. 19.51). 

"Ihen the experiment was repeated, again the inhibitory phase 

tock place ab~ut the same time and remained low for the period between 

1 1/2 and 3 hours. The following tab18 gives a summary of the two runs. 

Elank s:paces indicate that two values Vfere net obtainable to be averaged. 
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Table Ll- % Falls in Blood Pressure to DA10 and Histamine after Splenin A 

Hours 0 1 2 3 

Rist. 

15 13 14 l~.t' - 15 10 .g 7 - - l 4 9 3 - 5 5 9 16 20 

16 17 17 l~- 17 19 - 16 - - 10 14 9 7 - - - - 9 

Splenin A 36 units / Kg. 

The water soluble preparation of Splenin A which we had been 

using was now unobtainable from Dr. Ungar, but we \oJ'ere provided with 

a good amount of Splenin A dissolved in oil. We first attempted to 

inject this intravenously. as the water soluble preparation had been 

siven, in the forro of an e.sg albumen emulsion, but the cat died after 

having received only 4 ml. of the 10% egg white emulsion containing 

l ml. (5000) units of Splenin A. 

Soon after this experiment there a~p8ared a report that egg 

white was a strong hista'rine rcleasip-€ agent (Schachter, and TèÜf'snik, 

1952). This provided a good reason for not injecting any more egg 

white emulsicns. 

When acacia was used for suspending the oily preparation of 

Splenin At 300 units/Kg. given intravenously caused no inhibition of 

the histamine liQerator effect over a period of two hours. 

400 unlts/xg. of Sp1enin A given as an emulsion with Tween 20 

also failed to produce an effect over 2 1/2 hours. Tween 20. itself 

had no hypotensive action in doses equiva1ent to that given with the 

emulsion (see Goth et al, 1951). 

Fina.lly two cats were given 400 units/Kg. of the oily preparation 

intramuscularly. In one a.'1imal the res;:;onse to the liberator, 1-Œ2DA8 

was abolished after one hour and in the other animal the abolition occurred 
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more slow1y reaching a maximum between 2 and 3 hours. In only the 

latter test was there any suggestion of a return to normal deflections 

caused by the liberator. The duration of the effect may have been due 

to the size of injection and/or a protracted absor~tion time fro'n the ail. 

(About the 4 hour mark after the intramuscular injection clots 

had ta be washed free from the pressure cannulae. The very next in­

jection of ME2DA8 to bath cats gave rise ta extremely large responses. 

Subsequp.nt injections of the liberator caused successively smaller res­

panses. In many other experiments this phenamenon had also occurred. 

It ..... -as not our nlan to elucidate the nature of this response, but 

as ~. matter of interest we found that fresh cat serum mixed with the 

liberat"r produced a response slightly larger than that caused by the 

liberator alone. Thisseemed ta indicate that neither Splenin Anor 

sodium citrate bad anything to do \"ith this new factor, evidently produ­

ced aS'a by-product of clot formation. It i8 SUi5gested tha.t this factor 

is similar to t~l~ profibrinolysin accelerator àescribed by Ratnoff 

(1953) (see Fieure 2). 

For other investigations with Splenin A please see page 103. 

The scheme (of Figure 1) shows the simi1ar functions playedby 

Splenin A and cortisone in the hormonal mechanism which takes part in 

the inactivation of fibrinolysin. By meane of the general method it 

was possible to show the effects of Splenin A against the action of 

histamine liberp..tors very easily. Rowever, cortisone has a relative1y 

slow action after intramuscular injection and our method with cats could 

not easily be employed to establish its effect against histamine release. 
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We had already det~rmined that dogs which hs.d received cortisone 

during an experiment or for several days prior to an experiment res­

ponded equally well to histamine libera,tors before Dnd after cortisone 

was given. Slmilarly, Goth, Allman, 1·1erritt, and Holman, (1951) had 

also been unable to show inhibitory effects of cortisone against first 

injections of Tween 20. 

HO)leVer, their experiments dem-;nstated the possibility that 

cortisone interfered with the normal production of histamine in 

tissues. Wnere hista,dne bad been released by Tween 20 to cause a 

profound fall in blood pressure, cortisone given for 2 days to the 

revived animal usua11y prevented 80 great a res:90nse to second in'" 

jections of Tween 20. 

The method we adopted to study cortisone's action was a com­

bination of Gothie and the one we had used for cats. Injections of 

the histavnine liberetor were given to tW0 animals \L1'ltil constant 

threshold responses wer'> obtalned. One of the animaIs was then given 

24 mg./Kg./day of cortisone for t\~O days. After this time the es­

tablished threshold doses of the liberator were agaln given to the 

two dogs a number of timAs. Fi,mre 24 shows the results obtained for 

one of our first sets of dogs. 

In the 'first half of the experinent the two doge responded almost 

idmntically to D~O while its threshold was bein~ established. In the 

second half the results of two days of cortiso~e treatment are easily 

seen. Threshold arterial pressure falls in dogs caused by DAlO after 

cortisone are much less thP.:l in the dogs not given cortisone. 

In ~other series similar ta that shown in the figure, com~arab1e 

results were found. The resnlts of thls series of six animaIs, three 
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The effect of cortisone on threshola doses of DAIO and 

histamine. The le ft side of each trial shows the per-

centage falls in blood pressure obtained while the thres-

hold doses were being established. After 48 hours, during 

which time Dog #2 received cortisone, the threshold doses 

of DAIO were again given. The effect of cortisone i8 

clearly seen. The response of the blood pressure to hista-

mine, actually given between doses of DA
IO

' has not changed. 

See text for other details. 
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of which received cortisone are taoulated in Table 5. It can be 

readily seen th.'?t 2 deys of cortisone treatment had di')finite in-

fl~lence in the a:llount of .histamine rcleased by DAIO' The increase 

in the reslJonses to DAIO in the animals which received no cort,isone 

~uick1y ~aned after the first two doses. It is suggested thp-t this 

increase was due to the release of readily available histRmlne from 

replenished stores diminished during the first trial. Where cortisone 

was administerAd this effect did not occur. 

Table 5. The effect of Cortisone on the Release of Histamine (See 

Figure 25) 

A. Animals that received cortisone; 24mg./Kg./day. 

Percent Response to DAIG Percent Responae ta Hlata~ine 

Before Cortisone After Cortisone B'3fore Cortisone After Cortisone 
No. 1. 2. 3. 1. 2. 3. 1. 2. 3. 1. 2. 3. 
Dose 2.5mtt45mt;. 5.mg;. 45mg. a5mg. 5 T!".g. ~g. ~g. 4,J.g. ~g. 51J.g· 4,J,g. 

18 11 38 7 9 7 12 13 l1 9 20 13 
25 13 16 4- 3 7 15 14 11 6 17 9 
26 9 13 4 0 7 11 10 10 20 6 
24 12 17 5 6 7 12 14 21 3 

~ - - 6 - "4 6:6 Ave. 23 Il 24 5 11 12 Il 7.8 19 8 
S.D. 3·5 1.7 10.7 1.3 3·3 .03 2.8 1.1 1.5 1.7 2.5 3.6 

Ave. j; change after c')rt isone = -73. 2.!6.1 % change = -2. 0.!42.1~ 

:B. AnimaIs that received no Cortisone 

First Trial Second Trial First Trial Second Trial 
No. 4. 5. 6. 4. 5. 6. 4. 5. 6. 4. 5. 6. 
Dose 4mg. 6mg. 4mg. l~mg. 6:ng. 4mg. ~. ~g. q...g. ~g. 5~g. q...g. 

18 12 11 62 43 47 8 21 13 8 21 23 
20 16 8 45 33 18 12 28 9 6 20 17 
14 15 7 14 17 9 13 30 8 8 22 1~ 
If 17 9 1.3 14 5 12 18 1.3 6 24 17 
- - .2.... - - .3::: - - 1.1 - - 12 - - - - - - -Ave. 17.6 15 9 33·5 26.6 16.L~ 11.1 24.3 11.2 7.0 21.7 18 

S.D. 2.1 1.9 1·3 24 12 1603 1.8 4.8 2.1 0.9 1.57 2.5 

Ave. % chr' nge 2 days fl.fter first trial. =+81.9 ! 5.8 % change = +4.6.! .3.3.5 
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The influence of cortisone on the response of arterial 
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As bas been mentioned the dose response curve to histamine 

liberators la, extremely stee::;> and so, seemingly large increases 

or decreases in the response to a given dose may only represent a 

dose variation of no more than 10%. Even the 40~; increases in 

the responses ShO,"ffi in Fignre 25 probably r9present no more than 

a 20;~ increase in the dose of histamine libera.tor. Therefore the 

effect of c~rtisone in these e~eriments w~ be an extremely small 

one. 

In Table 6 the results of cortisone treatment 2.gainst larger 

doses of DAIO are seen. In order to deplete histamine stores slowly 

and also not cause u.!1due hy>i>otension, small doses of the liberator 

","ere given at the peginning and. a maxi:nurn reac..1-}ed after 6 or 8 in­

jections. After cortisone had been given to one of the dogs for 

two days the sa.rne doses were 5iven as bafore. In botn experiments 

done in trüs "v/ay no Great change could be found, in both histami~ 

or D.r,.O values, A.fter one animal had received cortisone. However, 

one important è-ifference ca!l be seen in the firet responses of the 

second. series of doses. The animal tnat received cortisone res­

ponded very poorly to these doses and, in this respect the results 

after large doses of liberator are the srune as those after small doses 

of liberator. 

The reason for the larg8 initial response in the second ~~n 

on the animal which received no cortisone must De connected with a 

replenished store of histamine whereas cortisone must either (a) 

prevent the storage of or replenishing the stores of histamine, 2! 

(b) deplete the amount of t issue histamine lee,ving even small~r 

e..mounts available for release. A glanee at Table 6 will serve t0 

show that, (providing our blood pressure fall records were due to 
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histamine release) very little histamine has actually been lost 

during the 2 days between operations. The only difference is that 

shown by threshold doses of DAlO' Therefore, cortisonels action 

must be focused on histamine that is easily accessible to liberators 

and readily removed by them. Now, another 6lance et Figure 24 will 

serve to show that the large responses caused by DAlO in the second 

operation, wherethe dog received no cortisone, must be due to his-

tamine that has been newly formed. In the other dog then it is sug-

gested tha.t after fi, good amount of "readily-available" histamine had 

been removed by the first series of injections of DAIO' cortisone 

prevented the resynthesis of these stores that we:r-e most accessible 

to the liberator. It is n(,t known whether cortisone :prevents production 

of these stores at the site of release or if cortisone bas a distributive 

action on the total body stor~s of histamine. 

Table 6: Effect of Cortisone on % Falls in Arterial Pressure caused 
by Hista:nine and large doses of D~O 

.Cgnt,ES1l dog,l,?~_. _Pn_l.!.*CortJ~~ne-treated dog 20.SKjgj 
JlQ.ê~LOj'~lO (mg. L,._ ~_:r.irst ~ . __ Se co nQ._0J?!. ", _ FirstOp. Second!.~ 
First Op.' Second Op. Il DAIO! Rist. DAlO 1 Rist. DAlO 1 Rist. ! ~ Rist. ' 

, " 1. i 5~g. 'j . ~g. 1 ! 5~. : 0 »g. 

3 3 1 76 : 14 46 28 29 ' 16 S 20 
1 

5 6 77 8 69 32 37 17 20 20 

5 10 5S la 41 37 75 36 

7 15 
1 

68 15 72 39 87 52 

9 20 

1

58 67 85 67 

11 1 25 i 76 71 .J 88 68 
, , J., .. 11 , i .. - ._- i -.-_ . . _. - .... _-- . _ L. 

• 2 days after first operation 

.. 2L~ mg/kg,/~ of cortisone (Cortone: Herck) • 
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Applying the same technique in a.nother ex:perl!l1ent, doses of 

ME2!:ÜIO up to 200 mg. were gi ven t 0 t wo does without difii cult y • 

(A total of over 600 ~G. c~uld be civen within a period of t'Wo hours.) 

i'rnen one of tnese dogs vas treated with cort isone only the first few 

responses to jo{l2DÂIO in the second trial showed any red.uction. In 

dogs not treated with cortisone, responses ti the liberator were al-

~ost the sa me in both trials. 

Whe!l 48/80 was used as the liberator to reduce stores of histamine 

in three dogs fate.l results occü.rred. l~fter several doses lt becamp. 

increasingly obvious that the dogs were having r~sriratory trouble. 

Two autopsies revealed massive haeœorrhaeic fI.reas a.nd congestion ilO. 

'the lungs. The livers a160 were engorged. The massive release of 

histamine in the Imlgs of these animaIs probHbly led to their deaths. 

The lower potency of the D~O family of liberators probably prevents 

them from recruitinc histaminb froTa the lü.ngs and the a.ction of DAro 

:must only teke place where histamine is moro easily released - as in 

the liver. 

One last experiment again showed that cortisone probably does not 

exert its effect by depleting st : res of readily avallable histamine. 

In two dogs, thresholds for DAIO were found both before and after bne 

dog had received 24 mg. l'Kg. of cortisone for t,vo deys. ?he thresholds 

were obtained very carefully by giving doses of DArO no greater than was 

necessary for the smallest blood pressur.e deflection. In this wey 

practically no histamine vould be released. The results for this test 

are tabulated belov. 

Table 7: Thresholds to DAlO before and after cortisone. 

First trial 

.24 mg.IKg. 

Dog 2 .40 mg. l'Age 

24 mg,IKg. / da.y 
cortisone 1. 'Il. 

control 

Second trial 

.24 n:g./Kg. 

.30mg./Kg· 
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As can be seen cortisone haà little effect on the action of the 

liberator. The histamine threshold of .095 p"g/Kg. remained constant 

for both animaIs. Our resul ts a5ree reasona,bly weIl wi th the investi­

gation~ of other inve~tigators. Devitt, Pirozynski and Samuels (1953) 

found no significant difference in the numbers of mast cella in ruts 

treated wi th cortisone. (l"iast cells have been suggested by Riley 

and \V'est (1953) to contain histamine as well as heparin.) Baker, 

Ingle and Li (195l),like Devitt, cOlùd also find no change in mast 

cells of rats treated with cortisone. 

On the other hand, B100m (1952) treated multiple ma1ignant masto­

cytomas in a dog with cortisone and found that after 9 days they 

had disappeared. Cava,llero and Braccini (1951) and Asboe-Hansen 

(1952) have obtained a decrease in the number of mast cells usually 

found in various tissues by treating rats, guinea pigs end humans 

\'lith ACTR and cortisone. They and Stuart (1951) claim to have ob­

served various morphological changes in the cells after cortisone 

treatment. On the basis of Devitt's morphological study of the mast 

cell sorne doubt is cast on the investigations of these other workers. 

Although our experiments with cortisone and Splenin A were made on 

two different species the scheme of Ungar (Figure 1) 19 compatible 

\t{ith the observations, and has, in fact, been given added support. \i{e 

consider that Splenin A ie apparent1y able to retard the rate of 

antifibrinolysin inactivation and thereby prevent the release of 

histamine by activated fibrinolysin. It is unfortunate that many more 

experiments could not have been done with Splenin A, but it i9 hoped 

experiments of this kind \-,1111 be continued to further eluc1date the 
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nature of the hormonal partlcipatio~ i~ fibrinolytic mechanisms. 

As well as adding evidence to the suggestion of Goth, ~, 

(1951) that cortisone prevents the resynthcsis of histamine in 

tissues where the amine has bean re1eased, our experiments with 

cortisone suggest thô.t ':m1y 100se1y bound and newly formed histamine 

takes part in liberation processes of a "thr8shold" nature. Again. 

it is regrett9.ble that m'He animalscould nat 

this effect. 

be t ested for 

Actu.a.1ly our experiments do not show that histamine formation 

ls in any way directly connected with cortisone. It is Just as 

probable, if Ungar's scheme is considered, that cortisone's action 

le to retArd antifibrinolysin' a inactivation. If so, the action 

of fibrino1ysin would consequently be ~re~ented by the antifibrino­

lysin and histamine wo'lld not be re1eased. The. exhaustion of the 

fibrino1ytic factor by large doses of histamine libarators wou1d 

Just as wasily account for ·the "refractory" phase ô.s \-!ould the ex­

haustion of hista:nine. Am; since the storesof hista!'1ine in the body 

a:::>pear to be vert" mueh ~reater than are released in any instance of 

"histamine release", it i8 more probable tllat the refractoriness cornes 

about by fibrinolysin depletion. The fiction of c"rtis0ne when given 

to a dog recovering from "histami~e-releaser-shoct" would be to extend 

the period of refre.ctoriness by preventine, via increasing amOu.llts 

of antifibrinolysin, the ection of activated fibrinolysin. 

The Action of Cortisone on the Histamine Content of Cats' Skin 

In the dog experiments, cortisone had had no apparent affect 

on the avai1ability 0fhistamine to initial doses of histaMine 1i­

berDtor. To test this in other species, the high content of hista:nine 
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in the catIs skin sugbested an easy means for providing small pieces 

of tissue to be tested f"r histamine content before and after cortisone 

treatment. It was als8 hoped that this type of erperiment might also 

substantiate the resu1ts of the Splenin A e~eriments'which were also 

done on cats anè thus. provide further identification of the hormonal 

influences on the fibrino1ytic system which has been suggested to cause 

the re1ease of hista~ine. 

Small rort itms of s:;:in wer~ ohtained from cats under ether 

anesthesie. frol'1 the inside of one hind. le6 and from the opposite f1ank. 

Riste.:"Ïne values for thi3se sall'ples '·:ere then estimated by means of the 

g'.linea pig gnt ~r"'-par8.t ion. After 3 of these animal~ had received 

25 mg./Kg./day of cortisone for 2 days, sec ~nd ~ieces of s~in from 

tlle other flank and inside hind It:~ v:ere removed. The follo\·]ine; 

results were obtained. 

Skin Histamine before end after Cortisone mrAatment (ug./Gm.2 

Control AnimaIs 

Ex}). 
lTo.- lst o,erat ion 2nd operation Difference 

267 21.6) 21 3 25.2) 21,.2 ?l.l) • . 17.2) 

274 25.7) 26.21 19.5) 17 7 - 35% 26.8) 16.0) • 

290 30.9) 25 91 42.8) 44 5 + 172% 21.0) • 46.2) • 

Cortisone Treated Animals (25mg./gg./dgy) 

267 37) 42.7) 36 l 
36) 36.5 29.5) • 

274 28.4) 14.7) 16 4- - 40% 26.4) 27.4 18.1) • 

290 21.0) 18 3 32.6) 31 3 + 173% 15.7) • 30. 0 ) . • 
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It is odd that the sarne type of variation occurred with each set of 

animaIs even when one had been rec8iving cortisone for several days. 

Because of this and the apparent lack of response of the skin histamine 

of cats to cortisone, experiments of this klnd were discontinued. 
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E. Till.; 1:iIST~~INE Rl'!:L~ÂSIUG ACTION ANII OTHER PRARKACOLOGICAL ASPECTS 

OF Â GROUP OF !.s~:a:YLATED ALIPRATIC AHIN1:S. 

Nany investigators have demcmstrated the ability of'a large 

number of chemical compounds to liberate histamine in vivo (MacIntosh 

and Pat on. 1949; Reid, 1950; Feldberg and Paton t 19.51; Paton t 19.51). 

Such compounds as peptone, the curare a1ka1oids, licheniformin. stil-

bamidine and the synthetic polymer 48/80 cause the characteristic 

hy~otensive reaction which begins about 20 seconds after injection. 

Highly active in this c1ass of substances ar~ the sim:p1e aU,hatlc 

diamines, diguanidines,diisothioureas and bis-trimethylammonium 

com)ounds, provided they have a chain leneth of from 6 to 12 carbons. 

(MacIntosh and Paton. 1949). The member of these series become in-

creasingly potent with increasing chain length up to about the C10 

compounds, and then become gradually weaker as the chain lengthens 

further. It appears that histamine releaéing activity in these com-

pounds is mainly a fQ~ction of the distance between the terminal basic 

groups; the natur8 cf the basic 

-NHC (:NH) NE2t -SC U"Œ) :NEZ or 

groups whether -NH2, 

+ 
-lI(CH3)3' makes less 

-c (: l'TH ) NEZ t 

difference. 

Tho purpose of our experiments was to determine whether methy-

lat ion of the t'flO polar amino groups would alter the various phar-

rr~cological activities of aliphatic diamines. The investigation ap-

peared to be j1lstified by the fact that a number of ne\ ... · drugs contain 

tW0 or more secondary or tertiary amino gr0ups. 

Used in ell the experiments were the simple primary com2:',ound, 

dec8methyldiamine dihydrochloride . , and the dihydrochlorides of its 

~-mono-m8thyl and ~-di-methyl derivatives. These will be referred 
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to as DAlO' MI!l2DAIO' and l1E4-D~O' In order to a8sess the importance 

of chain length in the series of secondary and teriary diamines, the 

~6 and Cs ~-mono-methyl (and ]i!-di-cethyl) derivatives have also 

been eX2mined. T'1ey will be referred to as t-G2DA6, ME2DAS' t-1E4DA6 

and l>Œ4-DAS" 

l~ost of the methods used have already been described under 

Routine Procedures or in the previous section. New procedures will 

be included with other detai18 of the experiments. 

Resulta 

1. The Action of Methylated Aliphatic Diamines on the Blood Pressure 

Records of the arterial !)ressure of cats and dogs showed t!::.at 

these com~olmds act ')n the circulation exactly li~e the primary diamines: 

Le. they produee a sharp fall of pressure whieh does not beein until 

15-25 seeondsafter the intravenous injection. The latent period of 

15-25 seconds is characteristic of the actio~ nf histamine liberators: 

hists.mlne 1 tse1f ects \<!ithin a fm" sec"nds. The e.ctua1 latent period 

of the fall caused b~r any lièerr>tor i5 c0nstant fo:!" any one animal. 

The latent ,eriod dlles not eppear t" he affecteè by tne chemical nature 

of the liberator. 

Tne duration of the de}!ress'ir re8?OnSe cailsed by ~ amounts 

of any of the 1l1ethylated co~ounds 'has uS'J.ally ~b(\iJ.t the same as, or 

slishtly lon,~er th.q.~ thpt obtained f"r doses of hist:!.mine thot produced 

an equa1 fall of 8.rterial pressure. (Fif:;ure 26). With j,'lrogressive in­

crease in dose, the proloncation of the de?ressor effect w&s more 

striking; for the methylated cornpounds than for histamine itself. With 

very large, 1:)ut sub-l,:;thp.l, doses of a methylated compo1md, the arterial 

pressure usually re"'!lFlineo low for hO:.lrs. 

W118n one of the compounds WolS Ad:"li:'1istorecl repeatedly in increasing 



ACTION OF ALiPHATIC DIAMINES ON 
BLOOD PRESSURE 

HISTAMINE DAia 

Figure 26 

The action of aliphatic diamines on the cat's blood 

pressure. Approximate threshold responses have been 

obtained. The latent perioœof the response for the 

aliphatic dirunines are obviously l onger than that f or 

histamine. 
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dosage, beginning with a subthreshold dose, t~le C'nset of e frank action 

was uSUEl.l1y sudden-often the arterial pressure fell by 30-40 mm. after 

a è.ose only 10;~ larger than a. dose thfl t prod;~lced no apparent effect. 

Furthermore, when a subthreshold dose w~s repeated a few minutes later, 

it often produc~d a striking effect. The threshold 00se for apparent 

hiàtRmine release could be determined rather accurately by injecting 

fractional doses at brief intervals. The latent effect of a sub-

threshold closes \'lears off \olithin [) fe\-' minutes (Flr,ure Q) provided 

the dose i8 not too large, and when injections are :r.ade 10 minutes 

or more ~~art, theeffect of a threshbld dose iR rp.producible. 

'ofhen the dose of any of the cO!'1}:'ounds is not more than twice 

threlùolc1 , the d<,pressor effect is of moderate size and. -lsually wenrs 

·~ff within a fe\'" minutes at most. Ls.rser d0Ses (eg. 3-4 times nor:ne.l) 

have a TITù.ch r.:ore IJrolonced affect; I?nd still la.rger dos~s (eg. 10 times 

th-'eshold) i)roduce ., vascular colla:;'8e tha.t is eventually fatal. The 

circu.latory s~1ock produced 1:y any of the COTIril01LYlds is very siI:lilar. to 

histamine shock; tl!i.J.S the haemotocrit 'lalue 1s elev.::. ted and the heart 

cc~tinues to beat strongly until sh ~rtly before death. 

In 6 cats, the mean thresh"id dos e in InG' /K.g. for :lA
iO 

and for 

the methylatecl. compounds ,,,er·:;: as f"llo\'lS: 

DAlO 0.29 

HE2D~0 0.85 HE2DA8 0.76 ME2DA6 0. 144 

11E4:;:).!lO 1.86 MEJ.?AS 1.92 r-Œ4DA6 2.06 

The values of pfor difference between these thresholds were as 

follows: 

D~O and I·1E2D~0 0.01 > p > 0.001 

D~O and Iv1E4~0 0.01 > p > 0.001 

ME
2
DA

10 
and l.~DA10 0.3> p > 0.2 



~Œ2~~0 and ME2DA6 

!\1E
2

DAg ~md HE2DA6 

D~O and I-lE2DA6 

0.001 » p 

p= 0.001 (approx.) 

p= 0.1 {approx.) 

The p. values between figures for the bis-cli-methylated compounds 

(Mli:l}-) were aU greater than 0.3. The p va.lues between MEl} - and 

HE
2 

- compounds in the C6 and Cs series ~\·ere a1so of this order. 

"':le rnay therefore conclude from these values that: 

(a) 3is-di or lli-mono-methylation of the aliphatic diamine 

DAIO significantly reduces the threshold value of 

hista.œine releasing P.ctivity. 

(b) The difference between the threshold values for bis-mono 

and lli-di-methylated cO?1l:pon.nds of an..vchain length is 

not significa.7lt. 

(c) The threshold vQlue of bis-mono-methylated diamines in-
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creaSes significantly with decreafing chain length. There 

is no sisnificant differeitce in thresÏlold values for lli­

di-methylated com~ounds having different chain lengths. 

2. Action of an Antihistamine on the :qypotensive Effect of the 

~is-di-}J!etllylated Com"Dounds 

In 3 c".ts the htr',venous injection of mepyra;'1ine (=neoantergan) 

maleate promptly reduced the de:pressor response to lŒ4-DA10' :9rovided 

the latter was given in Just suprathreshold dosage. In such experi-

ments, the de)ressor responsc returned to normal 1 ... hen the effect of 

the antihistG:::ine drugs wore off. ~1epyrar.üne ln:~wise reduced the 

depressor J.·'3sponse to sllch known histamine liberat,"rs as D~O and 

4-8/80 when they were given in low dosage. 'l'lhen bigcer doses of any 

of the.se COmpOu.Ilds were used, the response co'üd not be depressed 

by even very large amf')~ll1ts of mepyramine (up to 12 mg. j'Kg. ): sometimes, 

indeed, it was i~creased. The failure of meryramine t~ antagonize 
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completely th,; depc-8ssor effect of the methylated bast? does not, 

of course, exclude the possibility thpt this effect depends entirely 

on the relea3~ of histamine (i.iacIntosh and Paton (1949). 

3. The Action of Hethylated Diamines on Isolated Guinea Fig and 

Rabbit Intestine 

The parent COffil)ound DAIa evol:::d 8. 51 ight cont ract :1. on of the 

euinea pig gut only when its concentration in the suspension fluid 

was 10-3 or higher; in lowar concentrations (down to lO~) the tone 

of the gut was unaffected but its sensitivity to both histamine and 

acety1cho1ine was great1y reduced. The ~ethylated compounds in . 

similar concentrations likewise depressed the sensitivity of the gut 

to histamine and acety1cho1ine; they appeared to 1ack the weak sti­

mulant action of D~8 even in concentrations as high as 10-2• 

!Io\,ever, in this concentrat ion the spontans0uS contractions of the 

gut were increased slightly. A number of the chemice..lly similar 

com:nou..'l.ds that have bean found effective as histamine liberé'. ~ors 

also possess ~oderate a~tinistaminlc ~'l.d atropine-li!ce activity 

(Macintosh and Paton, 191'+-9, Faton, 1951). 

In the rabbit gut both DAIa and ~Œ4DA10 (10-3 to 10-4) re-

duced both the tone of the preparat ion 8!ld the 8.mpli tude of the 

spontaneous contractions. The affect was at least superficially 

simi1ar ta th~t of adrena1in. 

4. The Release of ·::Iistamine by Methylated Diami!les 

After in je ct ions 0f a moderately large dose of ~.Œ4DA8 (5 mg.!'Kg. 

in each of 2 cats and 7 mg.!Kg. in one do~) blood samples were taken 

8t 1 and 30 minutes later for the estimation of bistamine. Control 

sa~}les of blood were taken before the injection. In two tri~ls the 
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histamine values for c?t plasma sa.'l1ple::. taken at 1.1 an~ 30 minutes 

were r~spectively 0.11, 0.22 and 0.06 IJ..g./ml. and 0.45 0./80 and 

0.06.3 IJ..g. /rrù.. One set of dog plasma for the same t imes was <0.01, 

OM~and <0.01 IJ..g./rrù.. (Figure 27). In a cat experiment with ME2DA8 

the corresponding values viere <0.010, 0.127 and O. 07'jJ.g. /ml. In al1 

the experiments mepyramine rednced eQually the resC'onse of the gut 

to both the histamine anè. ~lasmf'. values and the resyonse to both 

re8.ppeared pari passu as the effect of the antihista':Üne '.\Iore off. 

~he other methylated diamines ,,'ere not directly tested for histamine­

releasing activity; but sinee they ar8 so like the tested compounds, 

"both in che'llical structl1re anè. 2!harmacological action, it seems safe 

to conclude that they also belone t o the SA..'l1e elass of histamine 

liberators. 

3. The Release of Heparin by ~Œ4DA8 in the Dog 

It has been noticed by other investigators . (lJaters, f.farkowitz 

and Jaques, 1938; Wilander. 1938; :1aclntosh and :?aton, 1949; and 

Reid, 1950) , working with histamine releasing com~ounds that the 

release of histamine in the dog is fre~18ntly accomp~nied hy an 

increase in the c10tting time of the b1 00d. Th~t this phenomenon ia 

due to the release of hep8!'in has been ind.icated (a) by the abUity 

of the ~lasma to induce metachr-; masia in a s olution oft01uicline blue 

or a related dye (Jo IJ?'" 5 , 19.35; JaquE's, l.fitford 8.nd Rlcker, 1947) and 

(b) by the iso11'1t ion of heplJ.rin fr011 the blood as the bariuln salt 

<\'lilander, 1932>; Jaques and 1":?ters, 1: 41). In several of 0ur dog 

experiments we noted an increase in c10ttiag times after the injec-

tion of a methylated diR.IIline. In one sueh ex:;>oriment \vith l'Œ4DA8' 



ASSAY OF HEPARINIZED DOG'S PLASMA 

ON GUINEA PIG'S INTESTINE 

NORMAL ONE 30 HISTAMINE 
MINUTE MINS. 

AFTE R AFTER 
ME4DAa ME4DA~ 

~---. 

PLASMA 

Figure 27 

NEOANTERGAN 2 x 10 -
9 

+ PLASMA + 
ONE HISTAM INE 

MINUTE 
AFTER 
ME.DA. 

The assay of dog's plasma for histamine after the adminis-

tration to the dog of Me4DAg (5mg./Kg.) . Neoantergan 

(st the right) was injected into the bath containing the 

gut 30 seconds before histamine. One ml. of plasma 

obtained 1 minute after He4DAg is calculated to contain 

0.05 )U g. of histamine. 

l57s . 
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the l'Jetachromat ic act ivity of the serl~m. obtained when oS. blood 

sample, obtained 5 minutes after the injection, "'ad eventu.lÙly clotted. 

was found to be sorne 12 times .:;reater than that of serum obtained 

bef"re the injection. (F1mre 28) and was approxima.te1y equ..-'Ü to t!:J.at 

of a 10-5 solution of co~~ercial heparin. mhe methylated diamines 

thernsel ves have only 8. very weak ant icoae;ulant f1ct ion in vitro and do 

not produce i'letachrornasia. The increased clotting tirnFJ and metachro-

matic activity t!let followed the injectir)ll (If r·1E4::JA
S 

was therefr\re 

preswnahly due t0 the release of heparin. 

6. The Toxicity of Hethylated Aliphe.t ie :\.mines on Hice 

The L.D.50 by intraperitoneal injection in groups of 5 mice was 

found to he for :'ŒLj.JAS. IŒ~.A.IO and DAIO respectively ISO, 168 and 

145 mg./Kg. mouse. (Figure 29). Thus, in spite of the fact that these 

corn~ounds differ signifieantly in respect to their depress0.r potency 

in the cet, there is n0 corr~s~o~ding differe~ce in their toxicity for 

the m"l1se. (On a :nolar hasis the toxicities of the 3 substa:'1.ces a.eree 

still more closely). The times el?.!)sin~ 1:>E:fore death 'taS respectively 

11, 9, and 6 min;ltes, the ste.nd.arc'. errors for these values being 0.72, 

0.37 and 1.3. The lli-mon0-methylated COm!)CllU'ld }<!E2D.A.S was fO'.lno to heve 

an L.D.50 of 434 rng./V...g. m:luse. (Figure 29). 

The first noticeable sien of raisonine ,.,ras sb1.t;gishness. This 

\-ra.s followed by ~fmeral excitability, atoxie., dyspnea ?nd clonic 

c0nvulsions. nose scratc;üng WPl S occasionally noticed. Post-mortem. 

nothing remarkable \\'1~s 0bserved, except Tlerhaps unusnal pulmonary 

c0ngestion. 

Since hists.mine is knl)~'" to he more toxic to mice after adre-

nalectorny (Halrern, 1?50) the toxicity of DAIO ".ras retested on 4 

Groups of 4 mice each adrenalectornizeà. 6 or 22 hours previously. 
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The release of heparin in a dog by the administration of 

Me4DA8 (Smg./Kg.). Density refers to the degree of meta-

chromasia obtained when the serum is added to a solution 

of the dye Azure A. Clotting t:imes were determined on 

whole blood by the Lee~hite method. 
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Figure 29 

The toxicity of aliphatic amines in mice. The point on 

the regression line opposite probit value 5 is the L.D. 50. 

tIn the text the L.D. 50 values have been recorded as 

mg./Kg. mouse.) 
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Adr~nalectomy produced no significant difference in either the letha1 

dose of LAlO or in the averat;e surviv?l ti:ne. The symptoms preceding 

death were the sr.me af: fer intact animalE. 1!nfortunately the number 

of mice available e.t the time prevented us fr "m testinc the effects 

of the methylated compounds on adrenal'3ctomized subjects, but since 

the methylated cOr.lpounds are so like the tested compo~md it is pro­

bable the,t they also w,:mld shmv no significant differcnce in their 

leL.al t::f~cts f.l6ainst adrenalectomized mice. 

Our eX:Deriments ns.ve shown that lli-m0no-methylated and. lli­

di-me,hylated aliphat ie compounds are able t0 release hista';ine 

in il1tact cats anè, ào,:s. T~le methyl diamines li~:ewise resernble 

theïr primary analOo"11':>S in their a 1'ility to release he::.:>arin as weIl 

D.S hista:::ine. Ji"J,rther resemblflnce a'10ng thpse d~s is noted in 

their hel'arin releasins acti on. Q:J.alitat ivt:lj' tCJ.",ir "ct ion seems 

to be e:ltir l.'o ly similar to t;w .. t of thr: primary ~:JL1~S. Q>~antitativély. 

methyléJ.tion '"ffects :?otency but no s111.1)le generalization will express 

the extent or aven the directi0n of the effect. 

In the seri",s of pri!:le.ry è.iamines, MacIntosh and Paton (1949) 

found a shari> :;?eak for ::?harmt~cological activity with the CIO and CIl 

com)o:mds. Witt thp. ,metllylated substance s this was not the case; with 

the three seccn~ary diamines tested activity varied inversely with 

the chain lengths; F.nd with the t:!lree tertiary diamines it ,-,as little 

affect:.cl b;)' the chain length. IJo doubt an e:::;planat ion of these dif­

f~rences will eventually be cXl)lained in terms of tue different positive 

chari;e on tue t e rr.ünal basic groul)s and steric relationshi.i:-1 behreen 

these groups and nege.tive "rece::.:>tor" groups nt the site of histamine 

release. 
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Alles, :;;:111s and Redemar_ (1953) have recent1y cD.rried ont an 

indeps!ldent study of t~le: met!.l,)'lat',d 9.1' '-811e dia";lin'3s. Thes8 fluth0rs 

observeèoo delayed depressor r~spolse fGr either methylate0 or non­

methylateè compowlds i!i dJe;s. r.c:bbits or guine:::. pi6 s, whereas this 

eff"C!t ..,:as qù.itc evident in our studies on dogs Md cats. The claim 

hy Alles, e-.LJll, thet T!O dele.yed reS)OllSe occurs Bfter in je ct ions of 

thp metùylatcè. compoü.nds ls !'lot f,'J.:pported Dy the records thoPt they 

suèmitted. The responses cftused by their cO'llp0unds p.p:peer ta OCC1.lr 

(i!l th8 absence 0: 8 time scale) at least several seconds later than 

responses due to i!ljections 0f hista. . L~e., ]'_11es end c",w0r~'.:ers also 

fc'.mô n0 evide lce f"r histA~il!C release in tho.ir e:v:periments, but this 

\;as tested for in ~inea pigs only. The "1[;.r].;:ed c1epressor effects 

causeà by t~e co~?ounds usect were attributed by the~ to be due to 

direct effects and nnt to released hista"line. O'..lr resù.lts indicate 

til,'t this interpretat ion certa,i,lly does nüt e.:i)Iüy to cat s a!ld d.ogs 

and tile conèlusio!l r 03ched by liaclntcsh p.nd Pat ()ll (1?L!'9) that such 

compounc1s 8,S DA10 are histamine rcleasers has be"3Il fully varified 

in our lalloratories. 

:SesEes this, Alles , ~, su{;;gest that llaclntosh and Paton 

(1949) should hé'.ve carried out their stud ies on the most Ret ive 

alkane diamine, the ClO COT!'.pound) for more clearly defined char­

ract oristic actions of the series. However Alles a~d his coworkers, 

therr.se1ves, only tested that one comIJmmd as the diamine 8.nd did 

not show that it possessed the most "specific" actions of the series. 

Perhaps o'J.r o"m results are m0re reaso!1able in this resp8ct where 

various cO!'lpounds ()f the methylated Geries have been used to test 

different activities. The "specifie" activity of sueh compounds 



161. 

seems to extend throughout thA series. 

The pK.a values of the ME4 and ME2 cO'llpounds were fcmnd to be 

ver,y closely grouped arou~d their averages of 10.00 and 10.64 res­

pect ively a!ld the value for DA
IO 

,,,.as 0.57. These values correspond 

mrelative ratios in t oxicity of l, 4.4, and 3.7 (}Œ4-.ME2-, and D~O) 

whereas their throshold ~otensive strengths were in the ratios of 

l, 3 and 6. MacIntosh and Paton, (1949) have shown that the still 

more basic diquatornary ammonium compounds have even less a.ctivity 

as histamine liberators. However, the possibility that basicity 1n­

flu~nces the hista ::1ine releasinG ability of ths se ccmpounds 19 re­

served 1mt il more ~)osit ive result sare obtained. 

W'nether tl:e intest inal muscle st imulat ins effect of DA
IO 

",ras due 

to the histamine releasing action or another effect 19 not ~own. Since 

in all other actions DAlO was found to have a potency equal to the 

methylated compounds, its gre8ter ability to release histamine suggests 

thD.t it may be responsiOle for the gut contracting action. Rowever, 

no other drugs were used to elucidate the nature of this effect and 

therefore its origin ls unkno~m. 

Certain reasonS indicate th?.t if histamine ",as released by the 

drues in t.he toxicity tests it vras '.lot respol1sible for ki1linC the 

mice. These are: 

(1) D~O ls six times stronger than the bis-di-methylated · deriva-

tives ln producing a fall . in the blood pressure of the cat, ~re­

sumably by the rslease of histamine, whereas the l-f.L.D. i8 about 

the same for these co~ounds. Also where bis-mono-methylated 

compounds are several tlme8 Et ronger than bis-d.i-methylated compounds 

ln eliciting the release phenomena as shown by the dro~ in blood 

I,rcssure, one bis-mono-rnethylated drug tested had. an L.D.50 on 
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mice three times larger than DAI and any of the bis-d1-me-o -
thylated group. T;üs inversG relationship indicates tha.t the 

two phenomena are probably unrelated 'lIld th8.t thA toxie effect 

cf the comiJounds is not due to th'? rA1ease of histamine. 

(2) Mice are extremely resistant ta histamine. For norme.l mice 

::la.1pern a.nd Wood (1950) have found that the L • .n..s,O for his-

tamine dihydrochloride, intraperi~oneally, 1e 50 mg. per 20 G~. 

mouse. The great difficulty in inducing anaphylaxie in them has 

been attrïbuteè!. to this cause (Saunders, 1951). A second reason 

why the mouse would not be greatly affectcd by anaphylaxie, even 

if aIl the hlstaQi~e was 1iberated, i9 thBt it contains not more 

than 10 rngs.IKg. of histamine of body "reight (Me..yer. 1950). It 

i8 thereforc imp~obabl.e that such small doses of our compounds 

v;ould C8.'..1se death b:' releasing histamine. 

(3) Halpern and ':'lood (1950) have shown that adrenalectomized mice 

a.re more susceptible to histamine than intact mica {~~5Q: 

0.50 mg./20 Gm. D'louse). That the adrena.l glands were not in-

fluencing the toxicity of the primary d.iamine. DAIO was ensured 

by repeating the toxicity test on adrena.lectomlzed animaIs. It 

is believed that adrenalectom;r wou1d lil;:e\~lse not affect the 

toxicity of mice to sirnilar compounds of the methylated series. 

Ha.yer (11) hlls assumed. that substances other than histamine are 

responsible for anaphylaxis in the mouse. This is strongly supported 

by the fact that anaphylaxis in these rodents 15 essentially unaffected 

by sorne antihistamines. The striking resemblence in the activity ex-

hibite" by mice ,,,hen given a lethal dose of a histar1Ïne liberator to 

that manifested during 8naphylactic shock inèuced by horse serum, (Belson. 
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Fox and Freeman, 1950) ls probably significant. The possibillty la 

suggested that a substance other than histamine liberated as a by­

product of the antigen-rultibody or hista~ine-liberator reaction may 

be responsible for the features recognized as being common bo both 

fatal conditio~s. 

In SUL:lIOary, sorne pharmacological propertles of a group of bls­

mono-methyle.ted and lli:-di-methylated a.l1phatic diamines have been 

exa:r.ined. These compounds he.ve demonstrated their ability to re-

1ease histamine in the cat, Bnd histamine and heparln in the d"g. 

The rnethylated CIO compound is several times less active than the 

analogous non-methyleted diamine, whlch has alrèady been investigated, 

but qualitatively its ~ction ls entirely similar. In toxicity tests, 

no ewsential difference be;;,.,een the methylated ê.uc1 non-methylated 

co~pound~ was 0bserved. 
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F. Studies with protamine and polylysine 

In experiments on the release of histamine in animaIs, we had 

been attempting to prevent such a release by various methods. It 

seemed possible that protamine might have this inhibiting effect 

by virtue of its relation to heparin, with which it intensely com-

bines, and because, in conditions of histamine release in the dog, 

heparin is also liberated. Chargaff (1938) and Jaques t1943) had 

shown that protamine combines with heparin to prevent the former's 

anticoagulent action. Also, many workers (Jaques and Waters, 1944; 

MacIntosh and Paton, 1949; Reid, 1950; Garcia-Arocha and Ashwin, 

1952) have found evidence that when histamine is released in ana-

phylactic and/or anaphy1actoid shock, there is usually a concomitant 

release of heparin. 

After we had established a constant hypotensive response in the 

arteria1 pressure caused by the histamine releaser DAIO ' 30 mil1i­

grams of the protamine, clupein, was slowly infused in the animal. 

To our surprise, subsequent injections of DAIO were not inhibited 

but potentiated (Figure 30). As we continued D~O injections, every 

10 minutes, the supranormal effect gradually wore off and responses 

became normal. 

Reviewing ear1ier experiments, a sudden suspicion that protamine 

caused the release of histamine became prominent. We had found that 

subthreshold doses of a known liberator given repeatedly one or two 

minutes apart may eventual1y add up and cause the characteristic 

hypotensive effect (Figure ~). Two re1easers, such as DAIO and 48/80, 
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Figure 30 

The effect of protamine ~cIupein) on the hypotensive action 

on tbe cat ' s blood pressure of DAIO and histamine. Cat, 3 Kg., 

chloralose. After recording responses to DAIO and histamine 

every 10 minutes for over an hour, 30 mg. of protamine was 

slowly injected intravenously. The subsequent responses of 

the arterial pressure to DAIO are considerably greater than 

those before protamine. The responses to histamine have net 

been changed by protamine. 
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given together or alternately a short time apart, are also able to 

produce a potentiated effect (Figure 1). 

In other experiments we had sometimes noticed potentiation of 

the response to DA10 occuring after both atropine and neoantergan 

(Figure~. Thus our results complemented those of Schachter (1952) 

who had shown the ability of atropine to release histamine, and also 

agreed with the work of Arunlakshana (1951) and Pellerat and Murat 

(1946) who showed that antihistamines themselves may cause the re-

lease of histamine. 

From these data, protamine was strongly suspected as being a 

"histamine releaser". 

In view of its important application to clinical studies, 

especially in connection with heparin therapy, many investigators 

(Reiner, de Heer and Green, 1942; Shelley, Hodgkins and Visseher, 

1942; Jaques, : 1949; Jorpes, Kallner and tlostrcm, 1949) have tested 

the toxieity of protamines in various animaIs. In the rat, mouse 

and guinea pig, the protamines produce anaphy1aetoid effects witp 

intravenous L. D. 50 doses of about 100 mg./Kg. Shelley et al (1942) -
explain this effect as being due to embolie vascular phenomena such 

as agglutination of the blood corpuscles and precipitation of 

fibrinogen. Jaques (1949) does not believe that these are responsible 

for the toxic effects in the doge Jaques' observations led him to 

believe that the sharp fall in arterial pressure caused by protamine 

(salmine) was probably due to two main factors: (a) a reflex vas6-

dilation which initiates the fall and (b) a release of pharmaco1ogically 



active substances like histamine. Unfortunately, Jaques was unable 

to substantiate clearly his belief that histamine was released, as 

increased plasma histamine levels could not be found after the 

injection of protamine. His best argument for the release of hista-

mine by protamine was that, on occasion, benadryl lessened the 

severity of the shock. 

It is notable that while Jaques based his hypothesis on the fall 

in arterial pressure caused by protamine, ours was based on the ob-

servation that protamine, like other known histamine releasers, 

potentiated the effedt of DA10' which is itself a potent histamine 

releaser. 

As well as the protamines, .. le , ... ere also able to investigate the 

related synthetic substance, polYlysine, whose synthesis, chemical 

properties and certain physioihogical actions have been described by 

stahmann and co-workers (see Rubini, Becker and stahraann, 1953, for 

references). 

To test our theory, three types of experiments were emplo,yed; 

(a) The perfusion, by the protamines, of the cat skin preparation as 

described by l"eldberg and paton l195l)"; lb) The sampling of dog 

liver cell-free suspensions incubated with the protamines and poly­

lysine, for histamine estimations~; lC) The sampling of blood for 

plasma histamine determinations following injections of the protamineq, 

salmine and clupein, and polylysine. 

~ The author wishes to acknowledge the collaboration in these 

experiments of bis colleagues Dr. H. Garcia-Arocha and A. L. Grossberg, 

who conducted the cat skin perfusion and cell-free liver suspension 

ex.periment s. 



The protamineshave the property of interacting strongly with body 

proteins at a neutral pH, as might be expected from their high iso­

electric points. This combining power, well-known for protamines, 

has also been reported for polylysine by Stahmann et al. Such con-

siderations made it apparent that injecting the compounds into the 

blood stream of the intact animal woul..d be a rather inefficient way 

of assuring that they reached the sites of hist~nine release in the 

cells outside the vascular wall. 'l'herefore, in addition to experi-

ments on intact dogs and cats, the other two preparations were em-

ployed to obviate sorne of the above~entioned di!ficulties. 

That a cell-Iree liver suspension might provide a source of 

bound histamine was suggested by the observation of Trethewie (1938) 

that grinding dog' s liver l'iith sand did not release all the bound 

histamine. Such a preparation would, of course, overcome the com-

. plications, firstly, of retention of substances in the blood stream 

and, seeondly, of limited diffusion of compounds through the intact 

cell wall. 

The method of preparation, as devised by Mr. Grossberg, consists 

of grinding liver, which has been perfused blood-free, with sand in 

ice-cold Tyrode , pH 7.7-8, straining out the sand and larger partic1es, 

and centrifuging down the fine ce1l fragments at 6000 rpn. for 15 

minutes. The particles thus obta:ined are washed twice with cold 

Tyrode by centrifugation and decantation and the final suspension 

made up in Tyrode , in a volume giving appraximately 2 f!1Il. original 

wàight of liver par ml., and kept at 00 C. until use. The suspension 

contains from 5 to 20 r g bound histamine per ml. The histamine may 

be released campletely from the particles by boiling. At 370 C. 
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histamine i5 released spontaneously at a slow rate, while in the 

presence of a known histamine releaser such as DAlO' in concentra­

tions which are active in the intact ~~imal, histamine is released 

at a much higher rate. This release is, however, much slower than 

in the intact animal, complete release with u~O at 0.1 mg./ml. 

being attained only after about one hour. 

Ta stuQy the action of releasers on this preparati9n, the,y are 

incibated with aliquots of the suspensionl At the end of the incuba-

tian period, the suspension i5 centrifuged, the supernatant decanted, 

boiled, diluted from 10 ta 50 times, and assayed for histamine on 

the guinea pig ileum. 

Figure 31 is a graph of the rate of release of histamine from 

the liver cell fragments by clupein and salmine, compared with the 

rate of release by DAlO. The clupein and salmine were in the form 

of the neutralized sulfates, and were judged ta be histamine free 

since they gave no contraction when test'ed on the guinea pig ileum. 

The concentrations of the substances were chosen, on the basis of 

previous experiments, ta give approximately equal rates of release. 

lt may be concluded that, on a weight basis, clupein is approximately 

5 times, and salmine 40 times, less effedtive than DAlO in liberating 

histamine from this preparation. Assuming a molecular weight of 

2000 for clupein, the latter is equal ta or more effective than D~O' 

mole for mole, as a histamine releaser. The lower curve, labelled 

"control", demonstrates the spontaneous rate of histamine release in 

the preparation. 
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HISTAMINE RELEASE FROM LIVER CELL 
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Figure .31 

The release of histamine from liver cell fragments by DAI0' 

clupein and salmine. The total amount of histamine, l2pg., 

was contained in a suspension of liver cell fragments having 

a volume of 5 ml. ::>ee ten for other details. ~Experiment 

and Figure with the permission of A. L. Grossberg) 

l68a. 



A similar experiment in which the effect of pOlylysine was 

compared with that of DAlO demonstrated that the rate of histamine 

release by 0.4 mg./ml. of polylysine is approximately equivalent to 

that produced by 0.2 mg./m!. of VAlO. The pOlylysine, generously 

provided by Dr. stahmann, consisted of polypeptides with an average 

chain length of 15 residues, so that mole for mole it was about 5 

times more effective than DAlO asa histamine liberator. 

For the investigation of histamine re1ease in the perfused catIs 

skin, the preparation was set up as described by Feldberg and Paton 

(1951). The skin, attached vessels, and the Ringer-Locke perfusion 

fluid were kept at 380 C. The perfusion pressure was maintained at 

about 100 nnIl. Hg, giving a perfusion rate of 1-1.5 ml./min. 

Figure ~ i5 a graph of the histamine output from this prepara-

tion as a result of the introduction of 100 ~g. of clapein sulfate 

into the perfusion fluid at a maximum concentration of 20 mg./ml. 

There was an explosive re1ease of histamine, amounting to 6l)"g after 

36 minutes. A control period of perfusion for 30 minutes beforehBnd 

caused no detectable histamine release. The proof that the active 

substance appearing in the perfusate was histamine consisted of the 

fact that the perfusate samp1es were equally active in comparison to 

hist~ffine when assayed on the atropinized guinea pig ileum and on the 

blood pressure of the atropinized cat; the responses in these two 

assays were reduced proportionately.vith histamine by neoantergan; 

and finally, the active substance was res1stant to boiling in 2N rel 

for W minutes. A maximum histamine concentration of 3.0 }'g/ml. was 

obtained in the first 5 minute sampie. The reduction in output noted 

during the subsequent 10 minute period was due to the intense vase-

constriction in the preparation, occurring as a result of the histamine 
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Figure 32 

The release of histamine by clupein fram the perfused skin. 

The skin was removed from a catIs leg together with its 

supplying blood vessels. The preparation was then perfused 

with warmed Tyrode solution at a pressure of about 100 mm. 

Hg. and the perfusate collected for the estimation of 

histamine. See text for other det.ails. 



release-an effect noted by Feldberg and Paton (1951) in their 

experiments, during high rates of histamine release by propamidine 

and 48/80. 

The effect of intravenously administered polylysine and prota-

mines was tested in cats and dogs. These compounds were injected 

through the femoral vein into animals under chloralose or nembutal 

anaesthesia and blood samples were taken from the femoral artel:~ at 

1, 3 and 30 minutes after tœ injection. Blood. taken before the 

llljection was used as a control sample. 

A 10 mg.% solution of polylysine HGl was injected at doses 

ranging from 3.7 mg./ig. to 10 mg./Kg. figure ~ contains data from 

a representative experiment. The injection of 3.7 mg./Kg. of poly-

lysine into a dog caused a faIl in the blood pressure which started 

about 20-25 seconds after the substance entered tt,e blood stream. 

The plasma sample obtained before the injection could not be shown 

to contain any histamine, whereas the sample collected 1 minute after 

the injection had a histamine equivalent of O.03J"g/ml. 

ln studying the effect of the protamines on intact animals, the 

protamine sulfates were disBolved in saline, neutralized with NaOH, 

and the solutions filtered. From 30 mg./Kg. to 100 mg./Kg. of prota-

mine at a concentration of 20 to 40 mg./nQ. was administered intra-

venously. The injection time was 10-30 seconds. 

In cats and dogs in which the blood pressure was recorded, we 

noticed that following the injection of protamine, the characteristic 

fall of arterial pressure took place after a delay of about 25 seconds. 

When clupein 'liaS injected through the portal vein of a dog, the hypotensive 



Figure 33 

The action of polylysine on the blood pressure of a doge 

lnserts show the action of plasma samples, taken before 

and after the polylysine injection, on the guinea p1g gut. 

The gut contracting substance in plasma sample B 1s 

identified as histamine by the Neoantergan test. One ml. 

of plasrna B contains O.03;kg. histamine. 

170a . 



effect took place after lS seconds (Figure ~). This more immediate 

action of the prot~~ne adminisùœèdthrough the portal vein, when 

compared to its action when injected in the femoral vein suggests 

that the con~ound is acting to release histamine from the liver, 

claimed to be the organ in the dog from which oceurs the liberation 

of histamine. Figure 12 illustrates further the similarity of the 

protamine clupein to the known histaTIline releaser, .M.ezDA10. The 

time at which the response to protamine oceurs is about the same as 

that for tle2DAlO' while the t:i.me taken for an equi-depressor dose of 

histamine is much shorter. the non-specifie depressor effect of the 

protamine which oecurs before the secondary ~esponse may be due to a 

reflex vasodilation of the arterioles as indicated by Jaques (1949). 

The approximate ratio of poteney by intravenous injection of MezUAlO 

to elupein is 1:70. Si..'1ce the strength of Me;PAlO is about 1/3 that 

of uÂlO, then DA10 is about 200 times stronger th&'1 clupein on a 

weight basis. 

ln eontrast to what \'1e have found with the liver particles and 

in the cat skin preparation, in the intaet ~'1~~1 only a slight in­

crease in plasma histamine was detected after the injection of protamine. 

Table !! surranarizes our experience in this respect. Of a total 

of 18 animals injected with protamines, only 8 were found to have 

detectable increases in plasma histamine following the injection. 

These increases, amounting to 0.01 - 0.9;4g/ml. histamine, were found 

in the samples taken 1 minute after the injection. The histamine 

content of subsequent samples was ahlays less than that of the 1 

minute sa'llple. The plasma histamine was elevated in aIl 3 &'11mals 

injected with polylysine. 



Figure 34 

The action of clupein, when given by portal and femoral 

routes, on the arterial pressure of a doge The tuue of 

the response is much shorter when the portal route is used 

for the injection. This is because the histamine is released 

from the liver--not so quickly reached by injections given 

fia the femoral route. The smaller effect of clupein when 

given via the femoral route is because a lower concentration 

of clupein passes through the liver in its initial circulation. 

171a. 



Figure 35 

The comparative action of clupein, histamine and MezDAlO 

on the blood pressure of' a chloralosed cat, 3.2 Kg. 

(a) Me2DAIO' 1 mg.; (b) Saline, 2 ml.; (c) Histamine, l g.; 

(d) Clupein sulfate, 30 mg.; t8) Clupein sulfate, 70 mg. 

Photostat of original record. Please see text for 

further details. 

l71b. 



Rele"ser 
(No. of !r,>h.) 

Pol;rlye1r./I 
(J) 

Clupein 
(10) 

Salmine 
(8) 

Table g 

PUS:lA nI3T .. MelE AFT:àlR INTAAvr.<OUS INJ1CTION 

OF ?OLnYSINli: AND PROTAMIIŒS 

I)(TI 
(!D&. kg.) 

).7 
).7 

10 

)0 
)0 
)0 
40 

JO 
3C 
50 

100 

Animal 

Dog 
Cat 
Cat 

Dog 
I}.;t: 
Cat 
c .. t 

Cat 
Cat 
C .. t 
Cat 

No. of 
positlve 
reaults 

) 

4 

4 

• Aniy.1 ol1ei wi~~~a 10 :ninutes after the tnJGctlon 

Pla8~ Hi.\amln~1 
after injection!! 

y,g.!m'.) 

0.0) 
0.08 
0.065 

0.9 
0.05 
0.01 
0.0)-

0.06 
0.02 
0.06 
0.01 2'" 

;J AH pla8::las tefore lnJectlon conta',n~d 1cse th~n O. ')05,g. !-Il:. hlsto:nhc. 

l71c. 
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Some of the plasma samnles obtained both before and after the 

injection of protamines contained a substance capa~le of :producing 

a contra.ction of the guinea pig ile1.l.D1. but thia action was not abollshed 

by atropine or Neo!'.nt ergan. The nature of this contracting substance 

was not investigated. 

The we~~, and inconsistent, histamine releasing action of 

protamines when given intravenously. contrasting with the powerful 

effect of these substances in llberating histamine from the washed 

cell free homogenate and. from the Ringer-Locke perfused skin, could 

be explained by the fact that. when administ.ered intravenouslp:, a 

large proportion of t~lG injected protaminfl binds t c> the plasma prot eins 

and only a small fraction reaches the sites from which histamine 16 

raleased. 

These observetions f)!l the histe.!Dine releasing action of basic 

pol~~cptides are of interest from several points of view. FirstIy. 

the histamine relea ,: i!lg action of b'Jth ,rotamines and polylyslne la 

identical with that of licheniformin, a polypeptide antibiotic, and 

Witte's peptone. The similarity in the structu~e of these related 

compoun~suggest8 the possibillty that. perhaps, sorne naturally occur­

ring polypeptides could play a role in the natural mechanism by which 

hista.~ine is released from the tissues as in the antigen-antibody 

reaction. 

Secondly. th8 ability of strongly bœic polymers sueh as pro­

tamines and polylysine to combine with the acidie l)olymer heparin, 

deservE8 sorne attention. This !letio:l has long been known in the case 

of protamines, end has been observed by St~~mann and coworkers and 

others in the case ~f polylysine. Eque~ly true, and perhaps less well 

known in this respect, is the fect that many of the other compounds of 
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simpler structurE; which release hist9.T.ine, also combine strongly with 

heparin. We have observed that within a rather narrow concentration 

range, DAIO' propamidine and 48/30 aU fOT!ll insolublo=~ complexes in vitro 

with commercial heparin. Further. outside t~ese co~centration ranses, 

the formation of soluble complexee of heparin with the histamine re-

leasers can be demo~stratcd. This is done by the use of the dye Azure 

A ,,!hlch when combined \ü th heparin exhibit s metachromasia. If DA
IO 

ia 

added to a heparin soIn:':; ion in amount s th8t cause no precipitation. 

the addition of Azure A will now not l)roduce as much metachromasia 

as it would in the absence of DA • 
10 

These facts take on additional :neaning in vie\\' of the recent 

wor',: of Riley auc'. "fest (1953) who have fOlmd. that t issues rien in 

mast cells, the site of heparin in the body, are [1.1sO rich in histamine. 

The accumulatin~ evidence points to the probability that hist1?mirie, too, 

OCClUS in the mast ce11s~ The close proximity of bound histamine and of 

heparin in the body, wnen considered in the light of the heparin combining 

~ower of histamine releasers, tempts one to postulate that the combination 

of a basic substance with heparin may lead. to the release of histamine. 

The following hypothesis may be p~t forward: 

(1) It is postulated that there exists a compléx beh/een a tissue f3nzyme: 

and heparln--the comblnation being enzymatically inactive. In support 

of this postulate,enzyme-inhibiting action of heparin on the plasma 

enzyme, fibrinolysill, has heen described by Astrup, Crookston. and 

MacIntyre (1950). Also, Glazko and Ferg;json (1940) have shown 

that heparin inhibits the proteolytic action of trypsine 

(2) The combination of a naturally occurring polypeptid~ histamine 

relee.ser with the heparin attached to the enzyme, removes the 
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heparin from the enzyme and renders the latter active. 

(3) The active enzyme initiates reactions leeding ta the release 

of bound histamine. 

Although such a hypothesis fits well with ma.ny of the Jr..nown 

facts concerning histamine release and the inhibitory effect of 

heparin on this relense (Dragstedt, Vells, and Rocha e Silva, 

1942), there are, nevertheless, a number of facts which at present 

seern to speak against it: 

(1) Although all the histamine releasers thus far tested show 

heparln-combining pOVler, not all known heparin-cornbining 

substances can be shown to release hista~nine. One such sub­

stance i8 the dye, toluiqine blue. However. this substance 

has been inv.estisated as a histamine liberator only by intro­

venous injection in the intact dog, anè. sLlch a method ls open 

to the objections mentioned previously for protamlnes, since 

the dye also combines strongly with plasma proteins. 

(2) Commercial heparin, in doses up to 40 mg./Kg. in intact cats, 

and in concentrations up to 20 mg/ml. in the in vitro liver 

cell fragment preparation, does not inhibit histamine release. 

However, a slight inhibition occurs at heparin concentration of 

40 mg./ml. in the in vitro preparation. MacIntosh andPaton (1947) 

reported that doses of 40-60 mg./kg. reduced the hypotensive 

effect of licheniformin in intact cats. 

It should be stressed that the action of intravenously injected . 

hp-~arin is again cOOfplicated by the fa ct t:1.et it, tao, etrongly binde 

to plasma proteins. In addition, commercial heparin is lacking in some 

factors present in native heparin, which Snellman and coworkers (1951) 

have shown to occur as a lipoprotein complexe They have shown, further 
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that in the absence of its lipoprotein complement, heparin does not 

produce the antithrombic effect. The lact of required cofactors 

may also explain the inability of commercial heparin to inhibit his­

tamine release in our in vitro studies. 

In view of the present hypothesis, the natural occurrence, 

in the animal's body of such basic co~ounds as the simple polypeptides 

examined, might allow them to be implicated in several reactions in 

\"hich histamine is released such as anaphylaxi s ane<. allergic :phenomena. 

Also, the role of heparin as the natural inhibitor of the fibrlnolytic 

mechanism in the body can now be considered. However, the participation 

of heparin in instances 0f histamine release in other animaIs has not 

been demonstre.ted. 

The Release of Heparin by Protamine. 

~t the time of their histamine-releasing action, histamine li­

berators a190 cause the release of heparin. Since it has been shown 

that the protall1ines are hista'Y.ine-releasing agents, it Ca.ll be supposed 

that they also canse the release of heparin. Ho'tlever the intense 

combining action of heparin with protamine (Ja~ues, 1943) seems almost 

prohibitive of estim?ting the releas8 of heparin with either èlotting 

or other methods since the plasma w0uld conta in varying a~ounts of 

protamine either free or bound. '.d th plas:Dp. prot. cins and heparin. Pro­

ta~ine itself has an anticoagulant effect nn the blood by virtue of 

its cornbining action with fibrinogen and thr0mboplastin. (Chargaff, 

A few pre'..iminary eJ0)eriments served to sLow t~at the raised 

clotting timBs ~aused by large injections of prot~~i~e could be 

either decreased or increased b;,· t]io:: in vitro addition of heparin 
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or protamine respectively. lt was also shown that while protamine 

possessed no metachromatic activity itself, it was able to lower that 

caused by he ~)arin. With these t\o."o bits of information then, the fol-

10\"ing experiment was performed to determine whether the intravenous 

injection of protamine, into a dog, caused the release of heparin. 

Initially 25 ml. of fresh dog' s blood was added to 1/10 volume 

of 3.8% sodium citrate ruld centrifuged to provide standard plasma 

for metachrornatic determinations. 25 ml. samples were again taken 

at 1, 3. and 10 minutes after the injection of 30 mg./Kg. of clupein 

into the 13 Kg. doge 10 :nl. of each samp1e was mixed with citrate 

and centrif'lged immediately to obtain the plasma for metachromatic com-
. 

parisons. Clotting times were made with the remaining blood by itself 

and also after varying a~ounts of heparin or ,rotamine had been added 

to it. The following res"J.lts ... ·ere obtained. 

Table 9 . 

DogBlood Clottlng Times after the Intravenous Injection of Protamine (Clupein) 

Small tubes already contain sEO.line. heparin or protarnine (0.2 ml.) 

Thf3 withdrawn blood (samples 1, 3, 10.) has been calculated to conta in 

about 0.3 me· of the injected protamine. Values in minutes. 
- - -

Time of 
Sample Added n3parin (mg. ) AddGd protamine (mg. ) 

1 

n , .005 .02 .04- .07 .10 .02 .05 .10 -30 .50 

0 10 65 >90 >90 >90 >90 14- 15 20 20 31 

1 35 31 25 12 14 55 4-5 4-7 50 50 70 

3 31 24- 17 15 > 90 > 90 36 56 60 >90 >90 

10 16 1>90 >90 >90 >90 >90 29 27 38 4-5 75 



177. 

Table 10 

Metachromatic Activity of dog Plasma After the injection of Protamine 
(Clupein) 

Tlme of Sa:npling (Il:inutes) o 

Plasma Density readin;§;s after the addition 

of the following tl) lml. of Plasma. : 

Saline (0,2 ml.) (n) 

Heparin (0.02 mg.) 

Protamine (0.5 mg.) 

+ Heparin (0.02 mg.) and Protamine (O.5m&.) .405 

1 

.4-}0 

1600 

·382 

3 

.411 

.542 

·392 

la 

.473 

.670 

.418 

The clottinG time re6ults for the normal (n) sample indicate that 

one of two mechanisms is cau.sing a11. increased clotting time. 

(1) a release of hepari~ has occurred. 

(2) the prota~ine ilself i5 causing an increased clotting time. 

It is 600n apparent that the increased clottine times are due 

to the action of protaminebecause the addition of varying a~ounts of 

heparin to the tuhes decrease:o the clotting time, and. protarnine added 

to simllar sa:'"3ples ca'.tsed only a further increase in the clotting tllll:!. 

It ls readily seen that t~e increased clotting time of the 3 and 

10 minute samples arè ~lso due to protamine. But why should their 

clotting times be less than that of the l minute sample? le it because 

there 15 more heparin in the blood et this time - or less protamine? 

Table 10 shows that the increesed metachromasia in the 3 and 10 

minute samples are aU further increased by the addition ofheparin 

or reduced by the addition of prota::!ine. Since protamine itself has no 

influence on the reading of the plasma sam~le that con tains no hepariD 

it must be concluded that the increased metachro!llB.sia of the other 
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samples is due to the presence in them of heparin. 

It appears the.t the 10 minute sample has more metachromasia than 

the 1 minute sample, b11t unfortunately, the fi.g'\u8s for the ~ : 3-:' (;; 

minute sample do not add to this observation. In any case the higher 

metachromasia in the 10 minute sample can not be used to determine 

whether more heparin, or less protamine, i6 in the plasma. Other 

methods to elucidate this matter were ~~t attempted. 

In this experiment the 1 minute sample was also assay~d for his­

tamineby means of the cat preparation. 0.6 ~g./ml. was found, but 

unfortunately. there W8.B not sufficient plasma to check this result 

against neoantergan. 

Conclusion. The injection of a large amount of clupein into a dog 

increased the clotting time to several times the norm~ü value. This 

increased clotting time was fê)'..md to be due to the injected clupein. 

The presence of heparin in such plasma was indicated by the increase 

in them of metachromatic activity. 
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PART J. DISCUSSION 

During the presentation of the experimental results the implic~tion 

of the findings reported vere discussed. Therefore only a genera1 considera­

tion of the more important aspects of the work need be given here. 

At the beginning of the study it was proposed that the author search 

for pertinent féLcts which might be used in the understanding of the 

liberation of histamine. "Histamine releasing agents" were to be used as 

the means of approach. It is now cle"'-r that this group of substances are 

valuable toole for studying problems involving the release of hists.rnine. 

The author first determined if the previol1sly found actions of these 

subst~ces were reproducible in his hands. In doing so a new property 

of histamine releasing sub~tances was foun~. i.e •• that one histamine 

liberator could potentiate the affects of another aven if the former 

was iLjected several minutes before the latter. 

The finding of this property proved of great value in that it led 

to the discovering of the histamine releasing action of the protamines. 

which discovery. in turn, allowed the for~U:ation of a workable hypothesis 

for a. part of the reaction which brings about tte release of histamine. 

Briefly, the hypothesis is as follows: The combinat ion of "histamine 

releasing substances" with heparin, proposed to be attached ta a cellular 

enzyme, removes heparin from the enzyme and renders th€ latter active. 

The active enzyme then initiates the mechanism which finally releases 

histamine. 

In the introduction. a general survey was made of various substances 

and avents by which the release of histamine is initiated. 

, 
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The similarity in a number of animal 3pecies of the events lead.ing 

to hintamine release hed led the author to b..-ùicvc that the liberation 

cccurs by activation of the same mechanisffi; r~mely, an enzyme system 

capable of freeing histamine from the cell. 

Unfortunately the proposed tlieory has one drawback that pro­

hibits its irr~ediate application. This i~ that in no species has 

heparin been shown to have a c~lsâtive relation to the avents which 

lead to a release of histamine. However, in th:: dcg, heparin and 

histamine are !'eleased tcgether in anaph~rlactoid react ions and this 

suggests that heparin m~T Qe involved in the reaction. The correlation 

of the a:n01J...'1t s of heparin and hi stRmine in ret t i SSlle s ,,,Hh the !!last 

cell COUl:t in those same tissues as. sho'''n by Riley ano. West (1952) 

and Riley (1953) mlght be taken as suggestive 8vidence that hep~rin 

and hista"1ine have related cellular functiél'1. 

A few authors h&.v~ ·,bserv",d that raised clotting times occur in 

the cat and gu.inea piG during anaphylaxis but the reason for this has 

never been explained. Since methos s f~r the estimation of heparin are 

not difficult to perform, such experiments wouldsoon deter~ine if 

heparin has any i.Jart, actual or coincidental, in histamine releasing 

actions of othe. r species. The partici~ation in this reaction of other 

b~dy :polysaccharides related to !wparin, but n0t necessarily having 

any anti-clottin(; action. shoulà. also be deter:nined. It i8 notable 

that MacIntosh and Faton (194~ ) did not observe an increased clotting 

time in the blood of cats after the cats he.d been injected with his­

tamine liberators. 

On the two observations made which speak against the proposed 

theory for histamine release. the a.ppar"-lnt failure of Toluidine Blue 

to release histamine in the intact a:limal cannot be used as a strong 
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objection. Other techniques, which are deseribed in the text and which 

Beern more s1.üted for testinë drtl.gs for the action of hista!r.ine release. 

should be used to deter~ine if Toluidine Blue does possess histamine 

releasing activity. The va1U8 of euch methods as the skin :perfusion 

technique and. the liver ceU fragment test for estimating histamine 

releasing pot ency is clearly greater tha!1 th~t of the int~ct animal 

preparation - especially if the histru~ine-releasing activity ia low. 

as in the case of the ~rotamineG. One observation that ma1:es the in­

vestigation appear more hopeful 18 that Campble (1952) has shown that 

thrice 'veekly in je ct ions of Toluidine Blue were able to cause the dis­

ruption of mast cells, - which cells are proposed by Riley and West 

(1952) te contain histamine in large amounts. Ca~pble's observation 

aerees with the wor:( of Riley (1953) wh') used the fluorescent h ista!Oine 

liberator stilbamidine to show th2t histaJine and heparin probably 

have a COlT'Jnon cellul.?r origine 

The second observation which ap,ears to cast doubt on the pro­

posed t:leory is that large amounts of heparin do not in."l-tlbit the re­

lease of hista1!line. in intact animaIs nor in the liver oust prepe.ration. 

In the experimental part the possibility was raised that the absence 

of essential cofactors of he:paril', in commercial preparations of 

heparin, may be the cause of heparin bavin~ no inhibitory effect on 

the react ion. The importance of d et er~:1 in lng 'ihether 8 cofact 0 r does 

actually permit this snpposed action of hepa.rin should not be over­

looked. The investigation of the inhibitory action of various sul­

phuric acid esters possessing heparin like ~roperties is also desirable. 
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"Skin Reactions" in the experimental section of the thesle .holl 

that "histamine liberators lf may have qnite different 8.ctions when 

tested on species other than that used when theinitlal characteri-

zation wes made. The skln reaction tests showed thet 48/80 had 

no local action on guinea pigs, but that DAIO and its homologues 

had a very harmful locpl effect • . On the other hand 49/80's lethal 

effect by weight was much greater than thet of DAIO' It could be 

postulated that DAID caused the activation ~f a proteolytic enzyme 

to produce the l~cal skin lesion but no such activation appeared 

to take place with sublethal doses of 48/80 or, in an isolated test, 

with such histamine releasers 8.S prote.mine, etropine and neoantergan. 

A wort~ while stu<ly would be to characterize histamine liberators 

as to production of their effects in dlfferent animaIs. 

The significance of having found that simple peptidès such as 

the protamines and polylysine release histamine will probably not 

be lr..nown for some time. However. it maY' be easier t() attac~c sorne 

aller(:ic ')roblems knowing that suell !lolypeptide substances in the 

hody may be resl'.onsible, in S0me way. for initia.ting allergic reactions. 

Of the eompounds tested as hista~ine relp.ase inhibitOrs' . perhapè 

suramln has the simplest and Most easily expla.ined mode of action. As 

Gulnaraes end Lourie(1951) had shown while investigating the hypo-

tensive action of pente.midine, the inhibitory action of surs.min on 

pentamldiné3 histamine liberating actlvity is probably due tn the 

formation of a precipitate, which action, however, was not believed 

to preve~t the desired pharmpcological effects o~ pentamidine. 

IIL'libitory action aga.inst histamine liberators i8 very desirable . 
sinee a large nu~ber of useful drags whieh cause the release of histamine 

cannot always be injected .. li thout the occurrence of this unpleasant 

side action. However the intravenous injection of sueh preeipitates 
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as that formed by. suramin when it 15 mixed with pentamldlne (or ~O) 

18 quite contrary to medicàl practice. Tl!us. if histamine liberators 

were ever te be used as thert'.PQ'ltic agents, tha intravenous injection 

of them wlth inhibitors as co~plexes (in order te prevent an immediate 

releaseof histamine in large quant it ies) liould only be feasible if the 

com?lex ~~s soluble. 

The desired inhibition of the action of histamine releasers, 

without ?recipitation, may be found ,1/;ith such polybasic acide as 

a.dipic and its homoloé:,'"\l.es. A.dipic é'cid appears to :bave a liberator­

inhibiting effect of short duration but withoutthe formation of a 

precipitate. It was not determined if'a solu1.:le DAIO - adipic acld 

cOID?lex was formed but this 8eemS to be a likely possibility. However, 

it \O.s also noticlid that the in.'J.ibiH1"lg" °ffect of adipic acid also 

prevented the usual action of histamin3. In lieu of a more naturel 

type of histamine release inhibitor such as heparin, adipic acid-

l1ke substances sheuld be in'7estieateo for their use as acljuva.uts in 

therapy where histamine-liberation i6 not desired. 

The clin1cal use of Splenin A in allerc;ie 6 ani simile.r con­

ditions seems quite feasible. Splenin A appears ta act reasonably 

quickly as weIl as having a powerful inhibitory action on hiotamine 

release, and siven intra!llUscularly, it6 action lasts f'. moderately 

long t ime. It 'WOuld. be desirable to test whetl:er the cOffiI'ound could 

also be g i.ven orally by caI>sllle s. 
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Cortisone, which a~~ears to have the same type of actinn as 

Splenin A and is belleveQ to Act by the same mecllanism has a1rea~ 

come into use ff)r the tre8.tment of various allergies with some suc-

cess. However, cortisone has a wid~ variety of actions in the body 

and its effect a~àinst the meehanism of allergy ia ~robably not 

very specifie. 

Thus far to my Y.:nowledge. Spl~nin A hps 0nly been giver! 11_lted ex-

'perlmental trials with laboratory animaIs ann therefore its range .or 

specificity ~f action cannot be kno~«,. As weIl 8S having An active 

pa ri.", in the hormonal cont roI of the fibrinolyt ie system, Splenin A 

:nay weIl have other iJUIlOrta:lt )hysiological functions. 

It woald be interesting to deter.:nlne if the moderate inhibitory 

effect of cortisone 8.t;;ainst histamL1e release in dogs would be 

paralle1ed by a similar modification ~f the heperin releasing action 

of a histamine liborator. 

B1oom, (1952), Cc.vallero and 3raccini (1951) J and Asooe-Ea.'lsen 

(1952) aIl claim th?t cortisone decreases t iS~"o.le mst cell numbers 

anc: tllerefore t ~H' t issue stores nf heparin also become smaller. When 

an animal is :la.t1.lrally refract~ry, or is caused to b,= s) by variOllS 

means to the action of histamine 1ibarators, it may oe tem~ting so~e-

times t0 attribute this either to tissue histamine depletion or 

to a lack of t~e necessary histamine releasing protease. Therefore 

it Beems worth while to deter,nine if tissue levels of histamine and 

protaaBe are :;Jaralleled by that of heparin, anè. also , ... hether the 

refractoriness can be corr~lated with a decrease in any partieular one 

of these s\lbstances. 

The search by Dr. I. Levi of Fresst and Co. ta find low molecular 

weight proteaRe inhibitors possessing steric resemblance to natural 
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tryptic substrates ls hoped to be continued. Such compounds as the. 

phenylpropane derivatives seemed t~ have many of the earmarks of 

such an inhlbitor but unfortunately n-;ne of the compounds t ested were 

found to possess more than token activity. P'nenyl propionate itself 

should have been tested during this investigation. If such compounds 

did not possess general toxicity they might constitutea new and usefu1 

weapon for the treatment of diseases containing important components 

of allergy or hypersensitivity. 

It i5 very probable th.nt the histamine relee.sint::; p..ctivity of some 

otherwise very useful drugs might :Drevent them from being given a 

clinical trial. Th9 ad.dition ofnethyl groups to the amine moieties 

of Buch histanine liberating cernpounds as those of the alkyl diamine 

series appears to lower hietemine liber/!'l.ting activity several times. 

Therefore this modification in structure might be used to decrease 

the ~desir~ble histamine releasinG side effect of many valuaole drugs 

to allow their more useful pharmacolO.:;ical actions to be manlfested 

without Interference. However, it is :oossible thp..t such a modification 

rnight alse change these usefu1 properties. ]'-.trther increases of the 

length of the amine side chain of these compounds shou1d alsobe tested 

for their efi'ectiveness in decr~asing the hista~ine releasln[" side 

action. 

The experiments to show if histamine liberators act most strongly 

in the liver may have bee~ of more practical value to the author than to 

the problem in seneral, in that they have provided him with muchuseful 

experience in various operati"e techniques. The author has shown that. 

in the intact d.'li;, ~istamine releasers usually act most strong1y in the 

liver but they also cau release histamine rrom other bod~ sources. No 

correlat ion was foune\. behreen the amount of liver histamine and the Rlllount 

of histaminereleased lnto the blood stream after injection of the 
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histamine liberator. In sorne experiments thls may have been due to 

a release from sources other than the liver but. in general. no 

explanation is possible. for the results obtained. 

In these experiments a €;lass shunt. devised to exclude the liver 

from the circulation. and siliconed to prevent clotting,proved ver,y 

us·efuI. The tecnnique involved is much simpler than the classical 

methods outl1ned by lo1arkowitz (1937) and can be used ,üth little 

instruction by the inexperienced operator provided the usual pre­

cautions .?.re observed. This technique is recommf3nded for use in 

other varieties of investigations (ln the liver. 

Finally. the author 'Ilould 1ike again to em"?hasize the value 

of histA..":i ine releasing drugs in investigations ,,'here the repro­

ducible release of limited BlD 01.mts of hista::-: ine is desired. In 

contrast to the uncontrollab1e anaphylactic reacti on a threshold 

effect can be obtained with histamine releasers and be repeated 

for several hours. The use of this technique for characterizing 

antihista~ine substances. antihistamine-releasing substances or 

histamine release potentiating subst ances is reco~nended in furtber 

studies of this nature. 
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SUi,IllARY 

1. A brief history of histamine research has been outlined and the 

the releasé of histamine in metabolic activity. anaphylactic 

shock, anaphylactoid shock and trauma has been reviewed. Evidence 

for the ,articipation of enzyme factors in aIl of these events 

has been presented. 

2. The so called "histamine liberators" which are believed to 

release histamine withOitt tissue in jury have been reviewed in 

detail. The many similarities beh!een anaphylactic reactions and 

the manifest actions of flhiste'Yline liberators" suggest that theee 

two conditions produce their effects in the same 'Nay: le. by the 

activation of c.n enzyme s~stem. The term "anaphylacto-mlmetic" 

~ent has been suggested. as a better designation for corn.pounds 

having the typical "hista!Illne releasing" action. 

3. Special emphasis is laid on the observation tha.f; whereas ana­

phylactic like conditions are usually uncontrollab1e, the amount 

of "histarüne liberator" acl.:ninistered can usually be r€gulated 

to produce any desired è.egree of effect. 

4. In the experlmental work procedures for the characterlzation of any 

substance as a "histamine liberator" have becn outlined: and the 

characteristic effect obtained is described with the ald of records 

obtained in typical experimenta. 

5. One new effect that may be used to characterize "histamine libera­

tors" had been described in detail. This is br iefly as follows: 

when aubthreshold doses of t~o "1iberators" are injected into an 

animal at the se~e time or several minutes apart, their effects 

summate and the characteristic fall in arterial pressure la 

observed. The ability of the "liberator ll to Sllmmate ls a.pparently 
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independent of ité structure or other pharmacological actions. 

6. ~he action ')f the antihistamine, neoantergan, ag?inst the "hist8ll)ine 

releasers ll is probably an unspecific one: the antihistamine exerts 

its effect 8 bainst the histamine released rather than against the 

histamine releasing reaction of the "releaser" used. Since neo­

antergan itself is probably a histamine releasinG aeent as was 

determined by the above mentioned characterization test, (5), 

it is doubtful that it could inhibit the reaction in which it, 

itself plays an active part. 

7. As with neoantergan, 80 also atropine, known already tobe a 

"histarüne libere.tor" (Schachter, 1952) C8.1.lsed potentiation of 

the hypotensive effect of DAIO' 

8. The subcutaneous pnd intrader'1'lal injecti':>ns of' "histaT:line liberators" 

into guinea pi~s has sh'J,,:n that histamine l1berators may have very 

different local effect~. Very harsh effects of one "liberatorll 

may not be observed even .... :i th lethel doses of another "liberator". 

9. A si~ple method for estimatins the rûlease of skin histamine in 

IJ.g./sq. cm./min. by various "histamine liberatf'\rs" or antigens 

has beeu described. 

10. The main site of histamine release in doge that receive intrave­

nous injections of histamine liberators is the liver but hista'line 

release may a1so occur in other tissues. A si1iconed e1ass portal 

shunt especially designed ta exclude t::-~e liver fro:n the circulation 

has pr0ven very useful in these experiments. 

11. A srnall proportion of dogs used in "histnnine relee.se" experiments 

did not stow the 'lsual hypotensive resnonse to injections of a 

"histamine liberator". A search for naturally refractory dogs 

using a variety of techniques was fruit1ess. 
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12. In an attempt to cause refractoriness to "histami!1e Iiberators" 

in cats, a number of substances given by intravenous injection 

were found to be of litt le value. Some of these s1ihstances were: 

Typhoid-Paretyphoid U • .B) Vaccine, Acetyl Salicylic Acid, "Ethyl 

Alcohol, derivatives of phenylpropene, soo.ium citrate, and Soya 

Dean Trn>s1n Inhibitor. 

13. Surarr.i:'l YciS fmmd to hAve ::m inhihitory élction of short durRtion 

on the hista~ine releasine ar.tion of DAIO in the cat. This 

appeared to be due to t~e formation of an insoluble Suramin -

DAIO complexe Homoloeues of a.dbic acid appeared to have an 

bhibitory 8.ction simih.r to th?t ca'Tsed by Suramin. Although 

no precipitate Wfl.S f-'rmed by mixi;ures of adipic a.cid and DAIO' 

one cannot exclude the possible forlMtion of a soluhle com:>lex. 

14. Cortisone given to dogs for 2 days in divided doses (24 mg./Kg./day) 

was found t0 have an inhibitory effect on the action of"histamine 

liberators" but only if the animal had been moderately depleted 

of "readily available histamine" by an earller dose of "histamine 

liberatorll • The observation supported the belief that cortisone 

partlcipates in the hormonal reeu1ation of the fibrinolytic system 

believed to initiate the r~lease of histamine. 

Histamine levels in the s~,:ln of cats that had received a .imilar 

course of cortisone treatment were not consistent. 

1.5. Splenin A '.'/EIS found to exert a roason,ably potent iIÙlibiting effect 

on the action of histamine releasing agents. Effects we~e obtained 

with both water soluble and oil soluble preparatioDSof Splenin A. 

The observat S.ons substant iate the belief that Splenin A, in ad­

dition to cortisone, plays a role in the system regulating f1-

brinolytic mechanisms. 
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16. Sorne pharmaco1oeica1 properties of a group of bis-mono-

methylated and bis-di-rnethylated al~phatic amines have been 

examined. Their ability to release hista~ine in the cat. end 

hista!l:ine and heparin in the d'::J&. hc.s been demonstrated. Q:ua~ 

.itatively. they appear to have the sarne general action as their 

non-methylated analogues but no conclusion c0uld be reached for 

their quantitative effects. Toxicity tests suggest that the 
in rodents 

1ethal action of tnese compounds/is not due to tne release of 

hista:lline. 

17. The low molecular "reight proteins: clupein, salmine and po~ 

ITsine .. hl'lve been shown to poss.ess histamine liber~ting power. 

The conco~itant release of heparin wit ~1 histamine in dogs which 

had receiveél h.rge doses of clupein w~ S sU€;5ested by metachro-

~atic tests. However, the increase in clotting time following 

the injection was found to te due to the cl1lpein itself. 

18. A theory ta expla.in pa st of the Illecha.nism whereby histamine i8 

released has been proposed. It i5 postu1atcè that the c~mbina-

tion of"histrunine libe~ators" with heparin assumed to be attached 

to a cellular protease remo'JCS heparin from the enzyme and. ren-

ders the latter ~ctive. The active enz7me then initiates the 

rele~se of histamine. 

Note: The claims to original research have beeu included in the 

above summary. 
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AP&NDIX 

Chemica1 compounds which have been shown to cause the relense 

of histamine. Allergens, venoms, and toxins are not included. 

Ad.renaline 

Adrenochrome 

Antqcide 

At~pine 

Benadry1 

Benzamldine derlvatives 

Bile salta 

Cillchophe.n 

Ch1oroform 

"Compound 1.5" 

Curare 

Eichler and Barfu88 (1940) 

Staub (1946) 

KUschins~ and Rille (1952) 

Feldberg and Paton (1951) 

Burstein and Parrot (1949) 

Arun1akshana (1953) 

rf,aclntosh and Paton (1949) 

Schachter (1952) 

S1utiky, Dietz, Stoner,and Loughlin,(1952) 

Lambert and Rosehthal (1943) 

Collier and r':aCauley (1952) 

Alam,et al (1939) 

Diamines, diamidines,diguanidines, È~c!ntosh and Paton (1949) 
etc. 

Egg Albumin 

48/80 

Herse serum 

Eaemat'porphyrin + light 

Feld.berg and Schachter (1952) 

PatOn (1949) 

Feldberg and Schachter (1952) 

Feldberg and Talesn1k (19.53) 



Licheniformin 

Leukotaxine 

Laudolissin 

Morphine and opium p1kaloids 

Mono-a1ky1 amines 

Hethy1ated aDyl diamines 

H~uric Ch10ride 

Peptone 

Pentamidine 

PEihidine 

Prisco1 

* Protamines (c1upein, salmine) 

• Po1y1ysine 

~nine 

Strychnine 

St ilbamldlne 

*Shown in present thesis 

!.faclntos·h and Paton (1949) 

Dekansz:l (1949) 
~·;iles B..'ld Niles (19.52) 
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Collier and HcCau1ey (1952) 

Nasmyth and Stewart (1949) 

Feldberg and Paton (1949) 

iltongar and Schild (1953) . 

Garcia and Ashwin (195:2) 

Feldberg and Kellaway (1938) 

Feldberg and O'Connor (1937) 

Code (1939) 

;.{aclntosh and Paton (1949) 

Schachter (1952) 

Schachter (1952) 

Ashwin, Garcia and Grossberg (1953) 

Ashwln, Garcia and Grossberg (1953) 

Ambache and Earsoum (1939) 

Schi1d and Gregor,y (1947) 

MacIntosh and Paton (1949) 

Riley and West (1952) 



Tubocurarine 

'Iween 20 

Turpentine 

2339R. P. and 2786R. P. 
(anti hista.mines) 

Xylene 

19.3. 

Reid (1950) 

Goth, Allmar.., !'~errit ano. Holman(1951) 

Rocha e Silva (1940) 

Pelle rat a!ld Burat (1946) 

Lamber 't and Rosenthal (19h3) 

Other histamine-releasing substances closely related to those 

mentioned above a.re founè. in the reforences listed. 
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