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1.

PART lE INTRODUCTION
A, A Brief History of Histamine Research

¥hen Windaus and Vogt first synthesized histazmine in 1907, the story of
histemine release had already begun., Twenty-seven years earlier Schmidt-
Malheim (1880) had described & profound state of shock occurring in the dog
directly after the intravenous injection of the proieose-peptone mixture
known as "Wittels peptone®, The mechanism underlying the evente he recorded
were not to be known until almost 60 years later, Even to-day the
phenomenon of "peptone shock" remains a partial mystery and the actual
beginnings of the reaction which culminetes in the release of histamine are
virtually unknown.

Many of the early workers ccem to have been hampered vy the confusion
erising from the multitudinous descriptions of pharmacologiczally active
substances, derived by & variety of procedures from almost every @animal
tiseve, and universelly described as "hormones”, Baylies and Starling (1502)
hed intended this word to apply to an active principle formed in one orgen
and carried in the bdlood stream to another organ or organs where it produced
its specific effect. Their discovery of "secretin®™ had certainly required
such & definition but its subsequent usage had not been respected. This
situation was not clarified until 1929 when Dale (1929) end Trendelenburg
(1929) carefully explained the word and gave 1t the significence it holds
today. Thus "hormone" is defined "z chemical substance formed in one organ
or part of the body and carried in the blood to another orgen or part which
it stimulates to functional activity"., Adrenin, secretin and thyroxin are

typicel examples of such a substance. In contrast, other pharmacologically

2ctive substances seer to be formed unspecificelly by almost any organ, tissue

or tissue Juice., Feldberg and Schilf (1930) have given the name "Gewebshormone"
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or "Gewebstoffe" to these substances, Their normal metabolic action was
belioved by Dele (1920) and Lewis (1927) to be of a local naturs.

Bowever, such "tissue hormones® as histamine and acetylchecline are also
capable of acting, as will be shown, on orgens some distance from their site
of production, Ags far a8 can be determined only 5 tissue hormones have been
€iven a2 definite chemicel composition, These are histamine, acetylcholine,
carbon dioxide, adenylic acid and serotonin (S5-kydroxy tryptamine).

In the same class, possibly, are such less specific substances as
kallikrein (Frey and Kraut (1928);Substance P, (v.Fuler and Geddum,1931);
"glow-reacting-substance” (Feldberg and Kelleway,1938; Brockelhurst,1953),
and Bradykinin(Bocha e Silve, Bersldo, and Rosenfeld 1949). The nonspecific
wescular action of these unidentifiadle pressor or depressor substances has -
ususlly caused them to be classified together,

Whon Vincent and Sheen (1903) noted the presence of a depresscr substance
in tissue extracts, the early phase of histamine research began. Popielski

(1909) gave the name "vasodilatin® to a similer extract, but this was
merely & hypotheticsl designation for an unknown substance. The synthesis
of histamine in 1907 (Windaus and Vogt) was soon followed by its isolation
from ergot (Barger and Dale 1910) and its characterization (Dale end Laidlaw
1910). Later experiments, mainly by Dale, provided evidence for the
possibdility thet such substances as vasodilatin may actually be histamine
or at least contain it,

Biedl and Kraus (1910) had alroady drawn attention to the close
similarity between the sywptoms of anaphylactic and peptone shock when, &
few months later, Dale and Laidlew (1910) found that histamine bebaved
almost identiczlly to peptone. Anxiocus to prove their susplcion that

nistanine was a common factor in all these conditions, Barger and Dale (1911)

isolatsd nistamine from intestinal mucosa aand thus had evidence that
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that depressor tissue extiracte could contain histamine. Their choice of
tissue, however, proved to be an unfortunate one decause Ackermann (1910)
had already shown that histamine could be prepared by the action of putre~
factive microorganisus on histidine, VWhen Mellarby and Twort (1912)
reported the isolation of an intestinal dbacillus capable of mzking the same
conversion, the prcbadility that histamine was a natural constituent of the
intestinal mucoga could not be accepted.

The heretofore mentioned phenomenon of anaphylaxis was actually first
described in 1902 by Portier and Richet. They found that when & dog, who
had recovered from cng dose of an extract of sea actinlia, received a second
and smaller dose severzl weeks later, it exhibited an extreme pilcture of
intoxication and shock. A similar loss of natural protection was described
in rabbits by Arthus (1903) and in guines pigs by Otto in (1906),

During the next 20 odd years a good deal of controversy raged over
histaminds part in both anaphylactic and peptone shocl:, dbut in the abscuce
of conclusive evidence little more than theories could be proposed. However,
in the search for answers to these problems a2 wealth of knowledge was accumu~
lated and the characterigzation of these resctlions became almost complete.

In 1920 Dale postulated that in apaphylactic shock an inter-reaction
between antigen and antibody cauvsed & cellular injury which then liberated
histemine and other substances. Similarly peptone was belleved to involve
cell injury when it produced its effect. In 1929, Dale reaffirmed his views
but this time largely relied on evidence produced by Sir Thcezas Lewls, (1927).
Lewis had found in a serles of classical studies on the small blood vessels
¢f the human skin that a large variety of mildly injurious stimuli resulted
in the production of a common reaction which he termed the triple respouse.

Tewis believed that this reaction was czused by the activation of & chemical
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sgent and when, at Dele's suggestion, he tested histamine and found that
it reproduced in detail the triple response his suspicions were all but confirmed.
However, he permitted no closer ldentification of the natural agent in the
tissue reaction than to call it "H-substance". It is notable that Dale's
susplcions of 20 years before nad not yet been verified.

Best and McHenry (1931) ativibtute the slow progress made to the lack of
& gsensitive method for the estimation of histamine in blood. Whatever the
cause, the introduction of such & method by Barsoum and Gaddum (19352) ended
the period of doubt, and 1t was not very long before adequate proof for the
presence of histamine in tissues was obtained. Subsequent improvercnts of
their method, meinly by Code, (1937) have produced a technique still very
muck in use.

A fresh impetus was gained in histamine research when MacIntosh and
Paton (1949) described & number of experiments characterizing histamine
release., TIor the first timesubstances were clzssified as "histamine
liderators" and were identified as prodadbly having a specific chemical
structure. Since then many compounds possessing the proposed structure
have been shown to fit into the pattern as "rcleasers" or "liderators™ even
though their more widely recognized pharmacological effects are of an
entirely different nature.

In my laborastory a number of detzlle regarding the mode of action of
histamine liberators have been investigated and are herein described. In
particular, 28 a means of zpproach to the general problem methods attempted
for modification of histamine releese are discussed.

The preceding outline has briefly sketched the history of histamilne
research from the time of its vague beginnings to & more definite phase in

which has been introduced the study of histamine rclease. There now follows
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8 review of the literature on histamine with scctions devoted to its
pharmacologiczl acticn; substances, techniques, and reactions which bring
about the release of histamine; and various sheories which attempt to explain
the manner by which histanirne i1s liberated. No attempf has been made 6n
the par{ of the author to review the grezt mess of literature on histezmine,
tut those detalls of pertinent iavestigations concerning the present study
have been carefully considered. Even in the respect of histamine release
the number of studies mentlioned represents only a portion of the investiga~
tions on the subject. A more complete list of histamine releasing
substances together with their references appeers in the Appendix,

The phermacological aciions and other properties of histamine have been
descrided ip a number of excellent monographs and reviews. (Feldberg and
Schilf 1930; Best and McHenry 1931; Gaddum and Dale 1936;

Rose 1939; Dragstedt 1941) Bcczuse of this, the author presents here conly
those details of the earlier manuscripts which are applicable to the
inveatigntions undertaken,

B, epmiptry and Distypibution of Histanmine

Histamine is R-iminszolylethylamine, tae decarboxylated product of the
emine acld histidine. The molecule is besic by virtue of 1ts amine groups
which permits it combination with acids to form stadle salts. The mclecular
weight of the dase is 111, The dihydrochloride (molscular weight + 183)
and the diphosphate (molecular welght = 307) are the two most commonly used
galts and have respcctively 60% and 30% histapine, The formula of the
dihydrochloride is 2s follows:

BC = C = CHp - Cl, - NHj
[ /\
H-XH N HCl

e’ \ /
CH
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Because of the acidlty of the salt, strorg soclutions of histamine for use
in pharmacological studies should be made up iz buffered media.

In the body histamine 1s detexified Dy an enzyme system termed "histamin-
as2" by Best and McHenry (1930). Histaminese was later identified by Zeller
(1938) to be a diamine oxidagze of the flavoprotein type and Kappeler-Adler
(1950) has found evidence to suggest that the prosthetic group of
histaminase 18 flavin adenine dinucleotide,

Although histaminase is widely distributed throughout the animel body,
the kidney contains the greatest concentration (McHenry and Gavin 1932).
During pregnancy the decldusl tissues show 2 marked degree of histaminase
activity (Roberts and Robson 1952). Its presence in bacteria (Roulet and
Zeller 1945) suggests the reason why histamine solutions should only be
kept &as sterile solutions in an ice box. Pure solutions of histamine may
be boiled in agcid for long periods without less of potency.

Best and McHenry (1931) have discussed in some detail the wide distribu-
tion of histamine in beth plant and animal tissues, Barger and Dale (1910)
isolated histamine from ergot and the subsequent studies of Dale and others
showad that histamine possessed important pharmecological 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 skin. The values depend to a great extent
on the species but there is also considerable wvariation in the same organs
of different individuals of the same species (Feldberg and Schilf 1930).
Histamine is normally combined in the tissues in & form which prevents its
acting locally or being released in the circulation., Although it is believed

to have a local action, its regular presence in the bdlood stream of most
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species indicates the possibility of a more generalized function in the
body. The values of histamine in the circulation range from 0-0,04
pee /ml. in the dog to 1-4 pg./ml in the raddbit with intermediate values found
in the cat, guinea pig and man, (Code 1952). 1In his review, Code (1952)
concludes that the main source of blood histamine is the granular serles of
leucocytes although these may not always be "loaded"., He also notes that
the free plasma histamine may come from other body tissues.

Ce The Pharmacology of Histamine

The significence of the presence of histamine in the body is not
clearly understood but functions most o mmonly ascribed to it are;

(a) Vasodilatation of the small vessels of the circulatory system.

(b) Stimulation of gastric acid secretion.

(¢) Trensmission of synaptic impulses in the gentral nervous system

The participation of histamine in the placentatlon of the ovum has been
sugzested by some very recent investigations by Shelesnyak (1952).

The early concept of the possibility that histamine played an active part
in the control of capillary circulation was thoroughly discussed by Dale
in the first Herter Lecture (1920), Although it had not been shown that
any specific metabolite was involved in the mechanism Dale was of the
opinion that "control could best be affected by the local action of metabolic
products of activity$. Metabolic agents that have been identified as talking
part in the capillary control of local blood flow are members of the adeno-
sine groupgcarbon diocxide and sometimes, histamine. Capillary *“vasomotion®
is believed to play a mejor role in the regulation of capillary permeability
and peripheral blood flow (Chambers and Zweifach 1947; and Chambers 1948).
It was suggested that the degree of this activity in small vessels was under

the control of local metabolic products.
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The following is a summary of the more important effects of histamine.
Longer detalled accounts are found in the monographs and reviews by Feldberg
and Schilf (1930) Best and McHenry (1931) Rose (19395 Selle (1946) and in the
conference on histamine (Ann._N.Y. Acad Sci 1950).

l. The Effect of Histamine on the Vascular System

(a) General Circulation

The injection of as little as 0,1 ug histamine into any mammszl is usually
followed by a small transient f2ll in arteriel pressure., This effect is due
to a relaxation of the minute arterioles and capillaries., Larger vessele
usually undergo a constricting action (Dale and Richards 1918; 1927; Burn
and Dale 1926). The level at which the changeover occurs varles with the
species. In the dog and rahbit visible arterioles, as well as the capillaries,
relax to histamine but in the cat only the finest vessels relax. Generally,
the vasodilator effect predominates but this depends on such factors as
oxygen and adrenalin necessary for the maintenance of capillery tone. If
the tons 1s lost vasodilation becomes impossible and the only effect seen is
a blood pressure rise due to larger vessel vasoconstriction. Recent work
on very small vessels suggests there may be several kinds of locus where
histamine may act differently; metarterioles, thoroughfare channels, A,V,.
anastomoses, precapillary sphincters. (Chambers and Zweifach 1944).
(b) Heart

Small doses of histamine increase the heart's rate and strength of
contraction, Larger doces weaken the heart, the left side being more
affected., Klisiecki and Holdbut (1937) state that the action of histamine on
the heart may be the primary cause of histamine shock in most animals.
(e¢) Portal Circulation

In 1932 Bauer,Dale, . Poulsson and Richards found that the smaller

hepatic arteries of the dog dilated to histamine while the portal branches
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were B8lightly constricted. 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 Laidlaw(1911) found that this contraction was followed by a greatly
increased flow of liver lymph. It will be seen that these signs are also associated

with conditions of induced hfetemine relesse.
2. The Action of Histamine on Smooth Muscle

Throughout the body smooth muacle is contractdd by histamine. The muscled
portions of the uterus, intestine and broanchioles are most sensitive to
histamine somewhat depending on the species. Because of their high
sensitivity to histamine, the uterus and intestine of the guinez plg have been
widely used for sssay purposes., Dale and laidlavw (1910) also used the retractor
penis muscle of the dog as a test object for histamine.

(a) Uterus

Dale and Laidlaw (1910) showed that the virgin guinea pig uterus would
respond to histemine in concentrations as low as 1/250,000,000, The
concentrations necessary for contraction in other species was found %o be
much higher., The isolated rat uterus responds to histemine by a depressien
in its natural rhythm. (Suden 1934), Although the sensitivity of the uterus
is reduced in pregnancy, socme uterl are more sensative to histamine at term.
(Bourne and Burn 1927 Dale and Laidlaw 1910).

(b) Intestine

In vivo, large doses of histamine may cause purging and emeseis (Dele &
Laidlaw 1910). The isolat&éd suspended gut is especially sensitive to histamine,
that of the gulnea pig responding by contraction to concentrations as low as
1/250,000,000. Since the guinea pig preparation aleo responds in a graded
manner to the concentration of histamine in the surrounding bath (Guggenhein

end Leeffler (1916) it can be used for the determination of histamine,
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Barsoum and Gaddum (1935) have used the rectal caecum preparation of the
chick for the estimetion of histamine.
(c) Bronchioles

In most animals the pulmonary vessels are constricted by histamine.
(Dale and Laidlaw 1910). Isolated rings of these vessels also constrict in
the presence of histamine. (Feldberg and Schilf 1930)., This action in whole
animals causes an interference with the right ventricular output, end, especi-
ally in rabbits, right heert fellure may csuse death. In the guinea pig the
picture of shock is dominated by an asphyxiating constriction of the bronchi-
oleg and the animel dies of bronchospasm. Schild, Mongar, Hawkins and
Herxheimer (1951) have demonstrated the action of histamine and specific
entigens on human bronchial muscle and noted that it is quite as sensitive

a8 the guinea pig preparation.

(3) _Action of Histamine on the Skin

The interesting effecte of histzmine on the humen skin were first
noticed by Eppinger in 1913, dbut the studieé of Lewis (1927) completely
overshadow any work before or since and are very readable today. The
reaction of an amount of histamine which can enter the skin through the
smallest pin prick is essentially the same as that cansed by a minute
mechanical or chemical injury. Three separate effects which usually appear
together efter histamine enters the skin have been called the "triple
response”, These are as follows:
1. A local reddening appears at the site of injection beginning in sbout
15 seconds end is due to a vasodilatation of the small local vessels con~
tacted by histemine, This action is not affected by degeneration of the
local nerves and is solely dependant upon the vasodilatation of the capill-

aries.
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2. A diffuse flare surrounde the local redness after another 10-30 seconds,
This ®"scarlet flush" relies on a local axon reflex to local arterioles and
cannot be obtained after nervous degeneration in the area. Loesser (1938)
has made use of this phenomenon for determination of an intact nerve supply
in patients.
2. A vheal which appears within a period of 3 to 5 minutes covers the same
area previously showing the locel reddening, This is caused by an increased
permeability of the fully dilated capillaries in the area and may last an

hour or more,

4, Lethal Doses of Histesmine by Intravenous Injection

The following values in miXligrame /Kg. of body welght are the approximate
lethal doses by intreavenous injection (Best and McHenry 1931):
Guines pig «250 - .30 Pigeon 1-2 Cat Rat 300
Rabbit 1-3 Dog 2.5=3 Mouse 250 Frog 1700

5. Agents that Countera@t the Action of Histemine

The appareéntly hearmful presence of histamine in allergic :and ‘other conditions
has stimulated the search for methods for histamine counteractinhn. These studies
have had to take into account that normal functione of histamine in the body
would not be impaired by the application of these methods and that the
detoxifying mechanism would not elicit unwented side effects. The develop~
ment of these methods has of course, been beneficial to the advancement of
other investigations on histamine, Although several methods for detoxifying
histamine or counteracting its effects have been attempted, few have had the
usefuliess: and widesp®eed application of the modern anthistaminic agents.
Earller, histamine azoproteins had been investigated for their walue in
allergic phenomena (Fell 1950: Coffin, Kabat 1946) but had only a limited
application, Negative results with such substances have indicated a poor

antigenicity.
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Desensitization of animals with larsze doses of histomine(Alemander 1944:
Rose and Brown 1948) has not had much value in humans as = practical method
for counteracting the effects of histamine. Karady (1941) has presented the
most convincing evidence that pretreatment with histamine is =z useful
procedure for desensitizing to histamine., However his experiments were
done on guinea pigs subjected to anaphylactic shock = a phencmenon in which
other factors besides histamine may be involved. Histaminase has been used for
the szme purpose but without consistent success. (Alexander and Bottom 1940;
Rose and Browne 1941),

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 salicylate. Gray also
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
remains obscure., The continued use of szlicylates in allergic diséases of
many kinds hes shown that these substances have a valuable place in modern
therapy. The cleim by immunologists that rheumatism and related ailments
are allergic phenomena is suprorted by the knowledge that they can be
successfully treated with szlicylates.

Ungar, Parrot and Bovet (1937) found that the sypathicomimetic agents
adrenalin =nd ephedrine possessed zntihistamine 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 Thymoxyethyldiethylamine (929 F*)by Bovet (see 1950)
and characterization by Stzub has led to today's bighly specific compounds
of practical usefulness. The effects of 929 F were threefold (Bovet and

Staub 1937; Staub 1939).

(a) Protection to guinesz pigs zgainst several lethal doses of histzmine.

*Fourneau
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(p) Antagonism against histamine-induced spasms of intestine, uterus and bronchi.
(c) Protection against experimentzl anaphylactic shock,

In 1942, Antergan was prepared by Mosnier and investigated by Balpern
(Halpern 1942), Its antihistamine action was found to be severzl times
greater than that of 929 ¥, lLater, Neoantergan was developed and was found
to have an anti~histamine activity 60 times greater than that of 929 F.
Although other compounds have been found to have greater anti-histaminic
effects, their toxicities are proportionately very much greater, The
therapeutic index ¢f Neoantergen is 68,000.

With the advent of these new substances the specific 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 simplified,
Staub (1939) was the first to show the protection in guinea pigs to
histaminic bronchoconstriction., Practically every known effect of histamine
wags later shown to be abolished with one or other of the new substances, In
North America, Benadryl was the early champion of zntihistaminic compounds
(Loew znd Kaiser 1945; McElin and Horton 1945).

The 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 (Schild 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 specific than the
action of atropine against acetylcholine, 104000 times the dose of
Neoantergan used to inhibit a2 constant histamine response was necessary
to abolish the constant action of acetylcholine whereas only 800 times
the amount of atyopine used to abolish the response to acetylcholine was
required to prevent the actiod of histamine.

Rosenthal and Brown (1940) have shown that $29 F annule anaphylaxis in

guinea pigs and others have demonstrated the effectiveness of these compounds
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in the anaphylactic conditions of rabbits (Vallery,-Radot, Bovet, Mauric and
Holtzler 1943) and doge (Halpern 1942).

Hexbeimer (1952) and also Armitage, Herxheimer and Rosa(1952) found that
mild ansphylactic shocks in guinea pigs produced d¥ aerosols containing the
antigen could be protected by a number of gntihistamines., The protective
effect consisted in delaying the onset of the asthmatic dyspnoea due to the
shock. Few animals were completely protected by the antihistamines. Atropine
and procaine had similar but weaker anti-anaphylactic effects. The authors
discuss the perallel of this protection to that exhibited by antihistamines
against human asthma.

Schild and co-workere (1951) have shown that the antihistamines are not
very active against agllergic reactions involving the plain mscle of the
human dbronchi preparation. The discrepancy was thought to be due to the
large concentrations of locally released histamine where there was an
insufficient amount of antihistamine, The manifest action of antihistamines
in the cellular mechanism involving anaphylaxis and the subsequent release of
histamine was certainly much less than its inhibitory effect against added
histamine.

Antihistamines have been shown to exert little, if any, inhibitory action
against ansphylaxis in dogs (Wells, Morris, Dragstedt 1946). Apparently
histamine i8 8till released in the presence of the antihistamine but the
animal's protection against the relsased toxins has been greatly increased.
Paton and Schachter (1951) have come to the same conclusion for the histamine
libdrator 48f80. After an injection of 48/80 into an unenesthetized dog,
signs assoclated with histamine release were diminished considerably with
mepyramine (Necantergan) dut the amount of gastric secretion, which they

used as the criterion of histamine released, was not affected,
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In mice antihistamines have been found ineffective against both histamine
intoxicetion and anaphylaxis. (Mayer 1950). Mayer has assumed that there are
probadbly other anaphylatoxins in additionlto histamine, While in other species,
such as the guinea pig, the effects of allergic resnonses are easily annulled
by antihistamines it is not permiseible to say that other hidden manifesta~
tions of the primery effect are not also inhibited. Mayer suggests that the
drugs, specific as they seem to be against histamine, probably have other
actions as well in producing relief and these secondary effects may de
intrinsically linked to antihistaminic activity. Such side £fects have been
listed by Feinberg (1947):

1. Atropine-like activity on smooth muscle and glands.

2. Local anesthetic activity.

3, Bxcitatory to the central nervous system.

4. Becéntly another possible reason for the ineffectiveness of antihistamines
has come to light. Pellerat and Murat (1946) and Arunlakshana (1952) have
found that various antihistamines themselves release histamine. However

this effect does not occur until comparatively large amounts of the anti-
histamine are given to the animal. ZEven though antihistamines apparently

do not prevent the release of histamine from tissues, they probadly do prevent

many of the actions of the released histamine on the organism,
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D. The Liberation of Histamine

This section deals with a number of reactions, events and substances
which cause the liberation of histamine,

Although the extraction of histamine from tissues is a relatively
simple procedure, the identification of histamine released from the same
tissues when they are subjected to a certain stress or procedure has been
at times exceedingly difficult. The fallure of many attempts to detect the
presence of histamine pharmacologlcally in blood, plasma or perfusates
has been attributed to the presence in them of other actlive substances
which obscured the action of the histemine. When Best and McHeanry (1930)
introeduced a method for the determination of tissue histamine employing
acld hydrolysis many of these difficulties were removed, and when Barsoum
and Gaddum (1935) published their method for the estimation of histamine in
blood, further investigations in this line could be pursued with added
confidence. However, some authors still refer to the active ingredient in
blood and tissue extracts as "histamine-like"substance or "H" substance.

Usually an increased level of histamine in the blocd or perfusion fluid
has been taken as the criterion for 1ts release from the whole animal or
from a specific area or organ and yet, when bBlocd wes used, o concomitant
releage of histamine from red and white corpuscles was sometimes z matter
of uncertainty, Code (1952) has emphasized that histamine 1s easily released
from blood cells during clotting and also in the presence of some anti-~
coagulants,

In some reports, methods for the identification of histamine heve been
faulty or inadequete and the results cannot be accepted, In others, if the
histamine level was not over a certain high percentage & claim for release

could not be made.



17.

The advent of antihistaminice proviced methods for the irrefutable
identification ¢f histemine., The action of these new compounds was 8o
specific that other methods were almost unnecessary. Many investigators
today do not even attempt absolute purification of their samples beceause
the antihistamines and atropine are avallgble to ascertain the presence
of other substances which mey interfere in the pharmacologicel assay of
histamine, Measurement of other factors, such as the "slow reacting
substance" (Feldberg and Kellaway 1938: Brocklehurst 1953) is also possible
by these new techniques and their release together with histamine in many
phenomens, is gemonstrable,

Along with the growth of proof that the dynamic factor in anaphylactic
and anaphylactoid conditions was histamine, the knowledge of how 1t waw
released also grew, Although the presence of histamine in both types of
phenonena was fairly well accepted one was unable to deny that there were
meny differences. Todays familiar symptoms ere often attributed to the
agent used rather than to histamine released. Cther less well identified
components in the reaction are also under suspicion of having diverse
effects on the animel,

1._The Release of Histamine During Metabolic Activity

One of the most perplexing probleme in the recent history of

physiology has been wlhether histamine has a normal metabolic function in

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

the tissues would certainly seem to be due to a more useful function than to
merely represent, as s waste product, the essentiel amino acid histidine,

The release of histamine, whether described as & "normal" or a "pathological
process, has not been shown to be due to either the acceleration of a normal
process or to the onset of a mechanlism not usually occurring in the

metabolism of the cell.
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A few of the mechanisms suggested to medlate the release of histamine are:
(a) The decarboxylation of histidine
(b) The splitting of peptide or other bonde after the activetion of an enzyme

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

(2) The Release of Histamine in the Regulation of Local Blood Flow

As early as 1920 Dale mentioned that the control of local circulation
could probebly be best affected dy the metabolic products of local activity.
At the time the presence of such agents in tissues wae known but whether
they had a definite role in living tissue had not yet been demonstrated.

Probadbly the experiments by Lewie (1927) were the first to suggest that
& "histezmine~like-substance" was released during such conditions as reactive
hypersemia, oxygen-want, and carbon dioxide increase, By using an improved
method for histamine extraction,Barsoum and Gaddum (1935B) were able to demon-
strate, that this probably did take place, The results of their experiments
with CO, suggested thet the release of histemine was a secondary consequence
to the accumulation of acid metebolites, During reactive hyperaemia they
found that the histamine concentration of the blocod was increased several
times over the normal level,

Anrep and Barsoum (1935) showed that the amount of histemine in the
venous blaocd of a dog's gastrocnemius muscle increased inversely as the rate
of perfusion. Anrep et al (1944) later showed that muscular contraction,
arterial occlusion, and prolonged venous congestion in the human subject
were all accompanied by a release of tissue histamine, Their conclusions
were in accordance with the observations of Lewis (1927) who had found
evidence to suggest that histamine was much more conspicuous in venous
blood during muscular contractions.

Tarras-wehlberg (1936) was able to show in rabbits that the venous blood

but not the arterial blocd, possessed histamine-like activity. This
activity was further increased bl: asphyxia or haemorrhage.
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Eichler and Speds (1938) found evidence to suggest that oxygen-want
may be a factor in the normal releese of tissue histamine, After giving
cats artificiel hyperventilation the plasma histamine was found to be at
a very low level. This returned to a normal value only after a perlod of
several hours., Eyperventilation induced by hyperthermia or cardiazol
produced similar values, When the conditions were reversed by giving cats
10% oxygen to breathe, the plasms histamine was increased to extremely high
levels. (Eichler, Speda and Wolff 1943).

Feldberg and Holmes (1941) have been able to increase the amount of
gastric acid secretion presumed by them to be due to histamine in the
circulation, by decerebrating cats. During the (decerebrate) rigidity there
was an increased amount of acid formed. Similarly, intense rigor in leg
muscles, caused by strong faradic 1mpulse§fa§olloved b¥ an increased produc-
tion of gastric acid. Throughout the rigor, secretion remamined &t & high
level and only passed off with ceasation of the contraction or amputation
of the limb,

Using heart lung preparations, the release of histamine during
increased cardiac activity has been demonstrated by Anrep, Barsoum and Talaat
(1936) and by Marco and Parhon (1938). In both cases the coronary venous
blood obtained from vigorously contracting hearts could be shown to contain
increased amounts of histamine. Anrep et al (1939) also showed that there
vwes & release of histamine following the administration of adrenalin to an
isolated rabbit heart. This could not be shown for a similar cat preparation.
Code, Lovatt-Evans, and Gregory (1938) could not confirm the increased
histamine level in coronary venous blood and also criticized the earlier
demenstrations on the basis that the methods then used were not sufficiently

accurate to produce relisble results. On the basis of the careful work of

Code and his assocliates in which a very delicate method for blood histamine
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was employed, some doubt has been cast on the reliability of the experi-~
mental values found by Anrep and his coworkers.

These somewhat doubtful experimental findings have presented evidence
that the liberation of histamine is a normal cellular activity 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 with CO,, & possibility suggested
by observations recently shown to me by H., Rein in Gottingen". It is notable
that Dr. Dale's observation had suggested to him a mechanism for histamine
release similar to that suggested to Barsoum and Geddum(1535B) 15 years before.
(b) The Release of Histamine and Placentation of the Ovum

Another body process that employs the mechanism of histamine relesse
is suggested by the investigations of Shelesnyak (1952), His studies suggest
that natural placentatlion of the rat ovum is initlated by the release of
histamine, The formation of artificlally produced deciduvoma was inhibited
if the enimals were treated with antihistaminic compounds. Unpublished
data of Shelesnyak and Davies (See Shelesnyak 1952) suggested to them that
in the mouse treated with benadryl during the time of natural placentation
interference with nidation occurred since pregnancy did not go to term,

If such mechanism as circulatory adjustment and natural placentation
are actually mediated by the release of histamine, the use of antihistemines
to give release from various distressing symptoms, due to pathologically
liberated histamine, must be cautioned against so that normel and essential
physiological adjustments are not harmfully suppressed.

(¢) The Release of Histamine by Nerve Stimulation
Because the release of histamine by nervous mechanismg has little

bearing on the present study only a few details are mentioned.

By using acld gastric secretion as the ceriterion of histamine activity
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Ungar (1937) and Ungar and Zerling (1935) have found that various types of
nervous stimulation liberated a "histamine-like-substance®.

MacIntosh (1938) believes that histamine may mediate the secretory action
of the vagus on the parietal cells and therefore act as the normal stimulant

from dogs
to gastric secretion, Howevegh:hen blood was withdrawn/and tested for the
pregsence of histamine while/dogs were digesting a meal no histamine could
be detected.

Such substances as acetyl choline(Dsle and Gaddum 1930; and kallikrein
Ungar and Parrot 1936) are also released on nervous stimulation, Whether
these play any part in the gastric secretory mechanism is not known,

Good evidence that antidromic stimulation of sensory nerves released
histamine has been produced by Xwiatkowski (1943) who demonstrated the
presence of histamine in the venous dblood after the stimulation of cut
dorsal roots. Lambert and Rosenthal (1943) have described the liberation
of histamine from the appropriate skin srea following cervical sympathetis
or splanchuic stimulation. Such studies suggested the presence of the so-

called "histsminerglc” nerves, The local ancsthetic action of the anti~

histaminics now in use offers indirect support for this hypothesis.

2, THE RILEASE OF HISTAMINE IN ANAPHYLAXIS

Richet (1902) was the first to make an analysis of the reaction to which
he had given the name "anaphylaxis", He and other investigators observed
thet some anaphylactic phenomens had & similarity to immnological processes,
The statements of Dale (1920) help to clarify this relationship.

"Anaphylaxis is not, as its' name was intended to imply,
the opposite or antithesis of lmmunity but & phase in the
development of immunity in which the immune substance or anti-

body has a peculiar distribution,"--=* Fundamentally, the immune
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reacticn of which anaphylaxis is a speciallzed phase, represents the
need of the speciss to prevent the permanent incoryoration into their
cells of protein having a different type from its own.,"

Extending Richet's observations, Biedl and Kraus in 1509, and
Arthus in 1910, reported that the fall of anterial pressure during
anephylaxis in laboratory animals occurred subsequent to the vascular
reaction which they regarded as the most important event., They believed
the fall to be due to & vasomotor paralysis not c¢onnected to the action
of the heart, and sugzgested because of the striking resemblance of
anaphylaxis to the shock caused by pepteone, that anaphylexis was probably
e peptone intoxication. When Dale and Laidlew (1910) compared these two
conditions to those observed during histemine shock they suspected the
former tc be primerily the result of a release of histamine.

Becausce of the great number of papers written on anaphylactic
reactions in the mammalian species only those portions which 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 pleced on the
systems which eventuelly cause the release of histamine from the body's
tissues. Together with the consideration of species differences, the
significance of histamine in accounting for the symptoms of anaphylaxis
has been assessed.

The release of histamine in anaphylactic shock will now be described
as it occurs in various species, In most cases, unless otherwice specified,
the antizen hes been either egg—-white or horse serum. It should be noted
that a number of chemical substances are available to be used as sensitizing

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



23,
been used by Simon end Staub, (1937) and many of the sulvha-compounds
are also potent antigens. (Boyd, 1947) These chemicals acquire their

antigenic properties indirectly through binding with body proteins.

(2) Histemine Release in Canine Anaphylexis

Vhen an unanesthetized dog, sensitized to a foreign protein receives
8 week or so later, a second injection of the same protein, the dog becomes
in most cases, acutely sick. The symptoms cbserved are salivation,
scratching, vomiting, defecation, etc. The animal may then ccllapse and
die, or, after a period of coma, return tec normal. Some animals have
only a mild resction. Those animals that recover after a severe "shock"
are usually refractery to subsequent doses of the antigen,

Under sther anesthesia, the anaphylactic dog exhibits a rapid fall in
arterial pressure and this has been most often attributed to an increased
level of blood histamine, Leﬁgthened coagulaticn times during the periocd
of anaphylaxis have been shown to be due to the presence of heparin in the
blocod stream. Both heparin and histamine apparently enter the circulation
from the liver; the organ primarily involved in the reacticn. The livers
of such anaphylactic d»gs are engorged with blood and on gross observetion
appear very derk., Canine anaphylactic blood is markedly cyanctic. for want
of oxygen, and has a high hematocrit becsuse of plasma leakage from the
capillaries. The red cell count is relatively normal but the white cells
and platelets are reduced in number,

These follows a more detailed account of these conditions as they are
faund in canine anaphylactic shock. '‘'he description is importent because
of the similarity of these conditions with those in which the reactions have
been initiated by "histamine liberators",

The earliest work by Manwaring on dogs (1910) indicated that an organ
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located below the diaphregm was responsible for anaphylactic shock., This
was shown by a simple ligation of the aortz and the inferior vena cava
after which treatment, when the antigen was given, no shock occurred, Two
of his experiments indicated that the liver wes responsible for releasing
the blood-borne toxic agent which caused the shoeck, TFirstly, dogs with
liver shunts did not manifest anephylaxis. Secondly, in cross-circulation
experiments between normal and sensitized dogs he found a fsll in arterial
rressure in the normal animal-supposedly due to the blood borne toxin.
Voegtlin and Berheim (1911) were able to confirm Manwaring's first obser-
vation using dogs with Eck fistulas. However, Weil (1917) and Weil and
Egeleston (1917) claimed that in the second experiment ithe normal animal's
arterial pressure would fall by the drainage of blood into the anaphylactic
animal, Weil also found thet no toxin could be liberated Py perfusing normel
or sensitized livers with blood containing antigen.

Manwaring (1921) produced evidence th=t a vasodilator substance was
produced in the dogs liver during the anaphylactic reaétion but this (or
hypotension) did not occur when dogs were hepatectomized. Comparing the
action of histamine in large doses to that manifested in anaphylactic and
peptone shocks, Manwaring found that hepatectomy reduced the severity of the
peptone reaction, He felt that the three conditions: histamineq anaphylactic-
and anapiylactold shock so alike in symptoms were probably not initially or
fundementally identical physiological mechanisms.

By using the lower guarters of a normal dog and the top half of an
anephylactic animal connected only by circulation Manwaring and associates
(1925) produced more evidence that a smooth muscle stimulating substance,
not unlike histamine, circulated in the shocked animal., However their only
eriterion was the appearance of contractions of the bladder and intestine.

A toxin had certainly been elaborated but its nature wes still in doubt,



25,

A marked increase in the flow of lymph from the thoracic duct in
anaphylsxis or with obstruction of the hepatic veins was noticed by a
number of workers (Calvary 1909) (Peterson and Levinson 1923; Simonds
and Brandes 1927).

Dragstedt and Gebauer Fuelnegg (15322) were prompted by these ob+-
servations to look for an ansphylatoxin in the thorzcic lymph duct. A
smooth muscle stimulating agent was found to appear rapidly as the reaction
developed. They (Dragstedt and Gebausr Fuelnegg 1932 B) were able to show
that the substance exhibited properties very similar to those of histamine.
It was a dislyzable crystalloid of basié properties, stable to boiling with
acid, contracted the guinea pig gut but not that of the mouse, lowered the
cats arterial pressure and produced histemine-like wheals in human skin , In
1936 Dragstedt and Mead showed that the enzyme histaminase was able to
inactivate the substance responsible for these effects,

¥hile some workers were attempting to find and identify substances
responsible for the symptoms of anaphylaxis, others focussed their attention
on the liver as the active site of the reaction. 1In 1625 Manwaring had
shown the sensitivity of a dng t» antigenwes almost limited to the liver cells
(Manwaring, et al, 1925), Watanabe (1931) reported the arparent loss of a
high percentage of liver histamine during anaphylaxis but his values repre-~
sented group results and did not reflect measured changes in any one animel,
It is now generally accepted that in the dog the major anaphylactic reactions
are associated with the liver even though s-me manifastations undoubtedly
occur in the absence of this organ (Davidoff, Konellof, 1931},

Dragstzdt and Mead (1936) tested blood samples for histamine in a
large number of dngs in anaphylactic shock and were able to ascertain
how mich histamine was elaborated during the reaction subsequent to its

iniation., By comvaring the rate st whica injected histamine disap-
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nearzd from the blood they concluded that the vasculer rcaction in ana-
plylaxis could be completely accounted for by the amount of histamine
thus computed. Code (1939) confirmed this evidence using an improved
method of histamine purification,

Code & Ing(1937) were able to isolate crystalline histamine from ana-
phylactiec blood. Code (1939) found that 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
differed from that of injected histamine in that it remained at a
supranormal level for 2 or more hours., This susgested a short "ex~
plosive" release followed by 2 long lasting slow output.

In 1924, Webd was able to demonstrate histologically an enormous
accumalation of leucocytes within the liver parenchyme of the dog during
the leucopenia of anaphylaxis. ZILater Kinsell and associates (1941) formed
a theory correslating the dislntegration of platelets and leucocytes with
the liberation of histamine. Thelr experiments, however were dnne on
rabbits and it is not so easy to apply this theory to explain liberation
of histamine in the dng where platelets arz relatively scarce. Much
earlier, ¥olf (1908 and 1910) had shown thet in both ansphylactic and
peptone shock, a proteolytic enzyme is activated. But whether the engourgement
of the liver with white cells and its release of histamine by proteolyseis
could be recoanciled in one scheme was barely attemptéd until very recently.

Rocha e Silva and co-workers (1951) have correlated many of the con-
ditions in which histamine is released by postulating the presence in cir-
culating blood of a powerful histamine releasing agzent which is eesily
activated in these phennmena. Their experiments (Rocha e Silva 1950)

have ascribed to platelets and white cells a role of peramount imnortance.
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It had been known that often an antigen did not cause a fall in blood
pressure (Fidlar and Waters 1945) but there was a consistent reduction
in circulating platelets and white blood cells, With peptone the
constant shock was also accompanied by a fall in these elements, OJers
et al (1941) have also suggested that a blood constituent is necessary
for a maxirmm release of histamine in anaphylactic shock in the dog,

Rocha e Silva (1950) found that anaphylactic shock in the dog was
peralleled by & massive disintegration of the cells and platelets clumped
together in the liver. The presence of a responsible fihrinolytic enzyme
within them wes indicated and subsequent experiments provided sufficient
proof of this., The manner by which the antibody-antigen reaction sets off
the clumping=-disintegration mechanism of the leucocytes 1is not yet known.

Concurrently with histamine, the release of heparin from the liver
of dogs during anaphylactic shock is now a well known fact. The striking
loss of coagulability of the blood during anephylactic and peptone shock
was noted by many of the =arly workers notably Bizsdl and Kraus, and Arthus,
This loss of clotting power was attributed to a variety of factors but
Waters, Markowltz and Jaques (1932) were the first to demontrate an increased
titre of heparin in the blood of such animals, Jaques and Waters (1940)
completed proof by isolating crystalline heparin from anaphylactic blood,
Best and co-workers (Best, Cowan, Maclean, 1938) have noted that while
the release of heparin is very intimately associated with the release of
histamine in these conditions, there is no reas~n to suppose that it con=-
tributes to any of the vascular or other symptoms.

The regular occurence of both histamine and heparin 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 shown a high correlation in many tissues,

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

and heparin.

Auer and Lewis (1909; 1910) were the first to analyse the physiological
machanism involved in anaphylactic shock in the guinea pig. They demon~
strated that the respiratory difficulty and asphyxia were due to a
swiftly developing stenosis of the bronchioles which prevented the ox-
change of air even during violeat respiratory efforts, Dale (1912-13)
later demonstrated that this bronchospasm could be reproduced in the isolated
perfused lung and thus ccnecluded tha£ nervous influences did not take part
in the resaction,

With the guinea pig anaphylactic condition clearly. defined as involving
the contraction of smooth muscles alone, it was natural to look for the
toxins responsible for its genesis., Hirschfeld and Hirschfeld (1912) tested
serum and blood sam.les from anaphylactic guinea pigs for this type of
substance but were unable to reach definite conclusions. Watanabe (1931)
determined the amount of histamine like material from many guinea pig
tissues before and after anaphylaxis and found significant changes especially
in lung tissues. However the great variation found in control animals pre-
vented them from coneluding thet nistamine was released during the reaction,
Failures by Rigler (1927) and Daly, Peat, and Schild (1935) to confirm
Watanabe's indications were pointed out by MacKay (1938) to be due to the
extreme variability in normal histamine levels of suinea pig lungs which may
hold 7 to 78 mg. of histamine per Kg. of tissue,

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

histamine release by perfusing the lungs of a sensitized guinea pig with the
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antigen, Except for chemical isolation of the active ingredient, a
nuamber of tests provided excellent proof that it was histamine. Daly
and Schild (1934) confirmed these ®msults and also showed that the active
suhstance was inactivated by histaminase, For two lungs they found 1.7
to 12.8 pg. could be releassd by the perfusing antigen. Schild (1936)
found similar results for passively sensitized animals., In these expe~
riments a striking correlation was found to exist between the degree of
bronchoconstriction and the amounts of histamine released,
Schild (1936) produced shock in two perfused guinea pig lungs with
1 and 10 pge of ege albumen respectively, and by accounting for the amount
of histidine in the antigen, belng 2.5% of the egg albumen employed
(Calvery, 1931), he showed that its decarboxylation during the perfusion
could not account for more than 12% and 16% respectively of the nistamine
found in the perfusate, Thus he had proven that the histamine was derived
from the lung and not from the antigsen,
The following paragraph is taken from & reviow by Feldberg (1941)
"There are resnonses such as that of the guinea pigs' uterus
poisoned by histamine which are difficult to explain on the assumption
that histamine is the scole factor responsible for all anaphylactic
contractions bhut these instances do not invelidate the evidence that
release of histamine is mainly responsible for the normel anaphylactic
contraction of those muscles that are sensitive to histamine. The
cuinea pigsﬁuterus, for instance, contains between 9 and 20 ug/Gm
tissue, 0.6 to 2 pg of wnich are given off if sarmles of the tissue
are brousht into & solution contaeining the antigen. A solution
containing less than G.1 pg/cc is usually sufficlent to contract

the muscle., The guinea pighs small sut has about the seme histamine
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equivalent on extraction but Schild (1939) coculd detect no histaminse

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

e solution containing the antigen. We do not know whether for

anatomical or other reasons the released histemine is unable to

diffuse into the beth fluid, or if there is a great quantitative
difference in the actusl release from these two tissues in which

the anaphylactic reactions appear to be so similar, The fact that

desensitization takes place indicates that the antigen-antibody

reaction has ~ccurred."

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

Mongar and Herxheimer, 1551) say that histzmine is i:robably the factor
initiating the contraction durirg anavhylaxis, and suggest that the
release of a large am~unt of histamine close to receptor groups offset
any cther influences on the muscle,

In guinea pigs, the acute anaphylactic shock with its fatal bron-
cnoconstriction can be wholly 1lmitated by the action of histamine which
thereby is held responsible by most investigzators, But histamine dces not
bring about the sirikiang eosinophilia nor the chronic histological changes
of the lungs caused by anaphylexis (Kalos and Pagel, 1937). Feldberg (1¢4l)
considers these reactions to be direct effects of injury by the antigen
and zsks if peptone causes such changes, 1In partial answer, but in another
species, Scrozgie and co-workers (1947) found that platelets and leucocytes
were greatly reduced in dogs after they had received injections of peptone,
the reduction being accompanied by marked sgeglutination of the platelets,
Zosinophilia was not specifically noted during this condition, Dworetsiy and

associates found that the great dscrease in eosinophils due to cortisone or
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ACTH treatment did not affect the severity of anaphylactic shock in
guinea pigs. (1950)

Kellaway and Trethewie (1940) found that after perfusion of guinea
pig lungs with antigen, an unidentified substance casusing "slow contraction®
of the suspended guinea pig ileum was in the solution as well as histamine,
They identified the substance as being that which was also formed by the
action of venoms on lipins. It wmay have been peptone. They concluded that
the anaphylactic contraction of smooth muscle was in part due to liberation
of histamine and probably, in part, also to the "slow reacting substance"
which was liberated,/not formed, in the antigen-antibody phenomenon,
Campbell and Nicoll (1940) seem to have dealt with the same agent and discuss
the possibility of its being a choline like substance. Recently Brocklehurst
(1953) has conducted further tests to identify this slow-rezcting substance.
Hig work thus far has differentiated the substance from other tissue sub-
stances such as S=hydroxytryptamine (serotonin) Substance P. and Bradykinin.

The possibility that heparin may have been liberatéd 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 first to detect increased
quantities of histamine in the blood of intact, ansphylactic guinea pigs.
Théir animals were sensitized to and shocked with tne chemiczl substznce,
arsenobenzene. Gode (1939) repeated their observation with serum-sensitized
animals and found the "blood histamine" to be increased of tissue histzmine
but Katz (1940) observed a release of cellular blood histamine into the
plasma when antigen was added in vitro to sensitized guinea pig blood,
According to Code(1952) this would probably mean particularly in Katz's

experiment, that the histamine was releaged from either the granular series

of leucocytes,
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or from the platelets,

Schild (1939) found that temperature was a critical factor in the
release of histamine in anaphylaxis, and that low temperatures prevented
2 maximel liberation., BRelease also occurred in two stages, An initial
reaction during the first few seconds contact with the antigen requiring
higher temperatures perhaps represented the actual release from the cells.
A second slower phase able to procede at lower temperatures represented
diffusion of the releassed histamine from extra cellular spaces into the
fluid bath., These observations can be compared with those of Pickering
(1952) who considered that the more immediate responses of anaphylaxis
were due to antibodies acting on the osutside layer of the tissue cells
while delayed responses were due to cellular reactions some distance from
the surface.

The desensitization which follows anaphylactic shock has been as-
cribed to either saturation of the antibodies (Ungar, 1944) or to the
exhaustion of the histamine supply of certain cells(Dragstedt, 1943;
Mead, Dragstedt and Eyer, 1937). Selye (1937) suggests the possibility
of M"adaptation” to the "alarming" stimilus.

(¢) The Release of Histamine in Rabbit Anaphylaxis,

Arthus (1908«1909) made the first experimental study of anaphylaxis
in the rebbit., The reachion reveals itself elther as a local or & general
manifestation depending on the route of administraétion of the antigen., The
local reaction is 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 is followed by the appearance

of a sterile abscess or gangrenous slough.
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Intravenously, the antigen causes a rapid prostration of the animal
with hyperventilation, eiimikation of urine and faeces, hyperaemia, and
then anaemia of the ears., Heart failure and agonal convulsions terminate
with the animals death, The cause of death is not bronchospesm as in the
guinea plg but a marked dilation of the right heart ending in cardiac
failure (Auer, 1911). The dilation is caused by a spastic contraction
of the smooth muscle of the pulmonary arterioles, (Simonds, 1916; 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 anaphylexis (Rose and Weil, 1939) from the
rabbitts circulation appeared to contradict these early reports but later expe-
riments (Barsoum and Gaddum, 1935}, Code 1937) showed that rabbit blood
cells were actually the source of the histamine released during anaphylaxis,
In this way they act much the same as dog liver c¢ells 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 including the release of histamine,
Althuugh part of the "blood histamine® seemed to be due to mechanical re-
moval of the leucocytes and platelets the main reaction is vrobably because
of rapid diffusion of histamine from the cells to the plasma (Katz, 1940).
In anaphylaxis, the decrease In leucocytes was alsa thought to cause this
loss in blood histamine (Feldberg, 1941). According tn Reldberg, the ac-
cumulation of leucocytes which occurs at the vascular wall during the
anaphylactic contraction of the arteries (Abell and Schenk, 1938) should

be regarded as a response of the leucocytes to the injury,




34,

Abel and Schenck zlso showed that during rabbit anaphylaxis the
leucocytes become sticky, adhdring in clumps to the endothelium of liver
vessels in many cases forming leucocytic emboli which obstruct them., This
clumping was later shown to happen in the dog in a similar way (see Rocha
e Silva for details 1950).

The only really positive evidence in sensitized rabhits 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 de 0.1
t0 0.3 mg/Kg. of body weight, an amount quite sufficient to account for
all anaphylactic effects,

Kopeloff and Kopeloff (1941) and Kinsell and associates (Kinsell,
1941) bhave shown that a decrease in platelets is directly proportional
to the gravity of anaphylactic shock in rabdits and also in monkeys. They
correlated the rupture of platelets with the liberationof histamine,

Zon, Ceder, and Crigler (1939) have made the most conclusive studies
on the histamine content of rabbit platelets, After fractional centri-
fugation of the blood there was a high correlation between the number of
platelets in suspension and the amount of histamine in the fluid. Anti-
platelet serum injected into rabbits coused decisive but not parallel drops
in both the number of platelets and the blood histamine concentration.

Further work by Rose (1941) has shown that in rabbit anaphylaxis
a decrease in histamine also occurs in such tissues as the lung, liver
and spleen and others have indicated that the rabbif lung released a small

amount of histamine (Dragstedt et al, 1940, Katz, 1941), Rose and Leger (1952)
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have lately presented svidence that the rapid disappearance of histamine
in plasme and also in other tissues may be due to the increased activation
of histeminass, ZXarller Dragstedt revorted complete failure to reduce the
histemine content of tissues with histaminase (Dragstedt, 1943),

Preservation of platelets by oxalate and citrate has been shown to
prevent the release of histamine from rabbit cells. (Melntyre, Roih,
and Richards, 1949).Heparin prevents this release to a smaller extent
(Dragstedt, Wells, and Rocha e Silva, 1942). According to Rochs e Silva's
concept (1952) these substances act by preventing the releass of a certain
factor from platelets that is necessary for anaphylatoxin formation.

While Rocha e Silva (1950) agrees that the white blood elements
are the most important single constituent in rabbit anavphylaxis he pos~
tulates that their role in-other gpecies 1s one of providing, subsequent
to their disintegration, an sctivator of the serum protease which causes
the release of histamine and other anaphylatoxins., Bvidence for the
presence of such an actlivator has been provided by Scroggie et al (1947).
They have found that activation of serum protease 1n peptone shock is a
step in the release of histamine by rabbit cells, and it 1s possible that
this mechanism»also occurs in anaphylactic shock. On the other hand,
McIntyre, Roth and Sproull (1952) did not detect the presence of an ac-
tivated plasme protease either durlng fatal in vivo shock or in in vitro
release of histamine from rabbit cellas. Activation of the plasma proﬁease
byAstreptokinase was not followed by other anaphylactic symptoms in vi?b;_
or in iitro. The plasma protease theory of anaphylactic shock was therefore

not tenable.

Anaphylexis of Other Species,

A great number of experiments have shown that anaphylactic shoek
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in some other species probably causes the release of histamine. However
all evidence to date seems to be clircumstantial and the release of histaﬁine
during anaphylaxoid states in these animals has not definitely been dhown.

In experiments on the rat Kellaway (1930) showed that histamine pro-
bably does not take an active part in the anaphylaxis of that specles, Thev
isolated uterus of a sensitized rat responded by contraction to the antigen
but histemine in moderate doses produced only relaxation, The relative4
| insensitivity of the rat to both anaphylaxis and histamine is probably
significant, The lethal intravenaus drse for the white rate is 300 rg/Xg
A(Voegtin end Dyer; 1924) andiiﬁsdoubtful that the rat cculd release that
mach histamine during anaphylaxis. Suden, (1934) hae observed blood
pressure falls during rat anaphylaxis similar to that caused by histemine.
Likewise the mouse :is extremely resistant to ahy sensitization and many
have attributed thé great difficulty in indueing anaphylaxié in them to
their low sensitivity to histamine (Mayer, 1950). Mayer states, "Since
the total histamine cont;nt of the normal mouse is approximetely 1lOmg.
of histamine per kg. of body weight and since mice preeent the first signs
of histamine shock only when 100 or more mg. of free base are injected, it
is rather improbable that histamine is involved in mouse anaphylaxis®,

The studies of Saunders (1951) indicate that the mouse has an
extremely active adrenal gland and to this is attributed the resistance
of the mouse to both anaphylactic and histamine shock. Lethal doses of
histamine for rats had previously been shown by Wyman and Suden (1§3?) to
be decreased in adrenalectomized animals. Also; Perry and Darsie (1946)
hed shown that adrenalectomy in the mouse greatly enhanced thevpossibility
of evoking anaphylaxis. Thus Saunders'work indicates that histamine may

possibly be the mediabor of anaphylaxis in the mouse.
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Cats have been sensitized only with difficulty by a number of workers

(See Dragstedt for refs., 1941) but even though effects analogous to those
caused by histamine occur during the shock it has not been proven that
histamine is released, Some of the authors have noticed an iancreased

clotting time of the blood in cat anaphylaxis.

(e) The Release of Histamine in Humen Anaphylexis:

Anaphylaxis is a class of hypersensitiveness confined mainly to
lower animals., In man this term is not usually emnwloyed having commonly
been replaced by the word "allergy". However, this does not carry the
meaning that "anaphylaxis™ holds for animals because "allergy" is also
employed to define the abnormal reaction of tissues to physical and
chemical stimuli., The distinctive type of human hypersensitiveness cor-
responding to anaphylaxis is designated as "atopy" and includes hay fever,
ssthma, atopic dermatitis and urticaria.

It is a rather well 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 "it would be gratuitous
here to postulate more than one substance (released) since one suffices®.
However the actual release of histamine has only been demonstrated in a few
of these reactions. The reason for this has either been due to the lack
of a sensitive method for determining histamine or because of the few op-
portunities available for the clinician to take blood samples before and
during spontaneous asthmatic or other atopic,attacks., Data is usually
obtained from laboratory investigations on isclated blood or tissue samples

where the patient is not exposed to the dangers of an induced general reaction,
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In humans the reaction may appear in any number of forms and this
is governed by the antigen and the route of its entry. Most charactis-
tically the allergic response 1is a localized tissue oedema or increased
activity of smooth muscle, Thus in the nose there is obstruction and
sneezing; in the bronchioles there is ccugh, dyspnes and wheezing; and
in the intestine colicky pain and diarrhea may result. OSkin reactions
ere 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 persist for several days.

For other details on allergens, symotomolcgy and routes of sen=
gitization, the reader is referred to the monograph by Feinberg (1946).

The first definite suggestion that human hypersensitiveness, hay-
fever, wes related to anaphylaxis in animals was made by Wolff-Eisner
(1206). Soon it was suggested thet asthma and other phenomena could be
similarly explained and the field was rapidly over run with a liest of
conditions having the now=familisr symptome. However, proof »f their
relationships tarcugh histamine has only partly been realized.‘

Lewis and Grant (1925-1926) found that local reactions in a person
sensitive to fish extracts were identical with those caused by histamine
but this did not constitute sufficient proof that_histamine was involved
in the reactinn. Cerqua (1936) was the first to demonstrate that blood
hisvamine increased during urticarial attacks. Soon many others (Tarras-
Wehlberg, 1937; Cavps and Young, 1940; Rendolff and Rackemann, 1941)
reported finding an increased level of blood histamine associated with an
exacerbation of symptoms in allergic vatients, Most recently Adam, Hunter
and Kinnear (1650) have made observations on the urinary excretion of

histamine in urticaria. Their evidence supports the conception that his-
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tamine is either liberated o newly formed in this condition but hecause
of the low sensitivity of their methods no definite conclusions can be
drawn.

Katz and Cohen (1941) reported that the addition of the specific
allergen to the blood of allergic patients caused a release of histamine
from the cells to the plasma. The increase of plasma histamine was
160=~000%., Iater, Katz (1942) reported that the application of the
specific antigen to the denuded skin of allergic patients resulted in the
sharp increase of histamine released from the area tested. He also noted
the parallel release of a "slow reacting substance', Although there seems
little reason to doubt that the active substence actually was histamine in
none of these cases could the identification be clearly established.

Recenily Schild et al (1951) have probably made the most significant
studies of human histamine release, They investigated "whether isolated
bronchial rings, obtained at operation from a patient with asthma, would
contract in the presence of specific 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 whether allergic
broncho~-constriction could be suppressed by anti-histamine drugs". Their
results showed that the bronchial preparation was desensitized after a single
dose of one anticen although it responded to a second specific antigen,
Histanine was released during the response. Antihistaminic drugs in ex-
tremely high concentrations (10,000 times those required to antagonize the
effects of added histamine) antegonized the response of the allergic tissue
to antizen. The necessity for this bhigh concentration of antihistamine,

they explein, was probably due to histamine "released in concentrations
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which esre presumably very large locally, requiring large concentrations

of antinistaminic drug to antagonize it,"

In this seciion the author has attempted to provide a2 hasis for
the comparison of other conditions in which histamnine is released to
enaphylaxis, In doling so it has been shown that in the phenomenon of
enaphylaxis in various species there are a great many similarities., One
of the most obvious of these is the release of measursble amounts of
histamine., This has been shown to occur in every speclies tested with
the possible excepntions of the mouse and rat. The release of one
or more "slow reactins® substances has also been shown to occur in most
species during anephylexis. The possibdility that heparin is released in
this condition in the dog and guinea pig has been shown by the experiments
of some authors, The participation of certairn blood elements in the reaction
has been extensively studies and most certainly occurs in the dog and rabbit.
For several specles, evidence has been produced to suggest the activation of
a serum or tissue proteolytic enzyme and its participation in the anaphylactic
resaction,

Besides these factors the symptoms of anaphylactic shock can sometime
be compared from specles tc species., The exhibitinon of these same symptoms
following the injection of histamine provides another rsason for believiag
that ths anaphylactic syndrome in many species is caused.bs'the release of
large (7) cuantities of histamine,

In almost every instance where za animal »r isolated tissue has recovarad
from a profound anaphylactic reaction, subseqguent injections of the antigzsn
produce no effect., Taols Y"refractoriness'" usually passes off, in whole
animals, after a few days, The reduction of anaphylactic symptoms in many
species by other substances, especlielly the antihistamines is also sucsgested

to be du= to a similarity, in the species, of the mechanism of anaphylaxis,
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THE RELEASE OF HISTAMINE IN TRAUMA

This section is separated from the following ones by arbitrarily
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 1s an extremely small one and will seem to apply in name
only.

(a) Histamine Release by Mechanical Injury:

Mild tissue injury such as stroking the skin was shown by Lewis
and Harmer (1926) to cause the release of a histamine-like vasodilator
substance, The flushing of the face and hand and also the skin temperature
rise were similar to thoss caused by histamine,

Even though injury of the cell by sand=-grinding tissues into very
small particles liberates histamine, Trethewie (1933) has shown that
the smallest cell fragments may still retain much of their histamine
content. Thus the histamine cannot be regarded as simply existing in a
freely diffusbble form in the cell,

It is important to notice that not even in anaphylactic shock nor
by the action of “histamine releasers® (next section) is more than a
certain percentage of tissue histamine released (Mongar and Schild, 1952).
If these reactinns are regarded as being similar to each other causing a
limited amount of cellular injury then oanly complete cell déstruction would
release all the cell histamine,

With reference to the rabbit blood cells, Code (1952) states that
they are extremely susceptible to mild trauma. The following quotation
(Code, 1952) illustrates the dangers involved in taking rabbit blood
samples:

"The blood should certainly not be exposed to surfaces upon
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which the platelets or white cells may adhere, Dry wettable
surfaces such as those offered by dry syringes, dry tubing or
glassware cannot be used., All surfaces touching the blood must

be non-wetting. Even srands of fibrin or small bubbles in needles

or syringes may alter the distribution of histamine by providing

surfaces to which the cells mey adhere, Any shaking of the blood
must be avoided. The plasma, too, should be separated immediately
after the blood is drawn since the distribution ofhistamine may be
altered by standing. Chilling the blood may slso aid in preserving
the normal distribution”, |
Code (1937) could not find any difference in "total blood histamine"
after the clotting 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 similarity between wound shock and histamine poisoning.
Extracts of lacerated, sutolysed or bruised tissues have been shown to
produce the ssme histamine shock=-like condition, Bayliss and Cannon
(1919) were able to demonstrate the presence of a histamine-like sub=
stance in the blood stream following the crushing of denervated limb
muscles, However, other evidence has indicated that the fall of blood
pressure in traumatic shock in animels can be attributed to the loss
of blood and tissue fluids into the demages tissue and not to the absorp=-
tion of toxic substances,

(b) Release of Histamine by Burning

The release of histamine in cellular injury by burning had been

studied by a number of investigators. Lewis and Grant (1924) were the

first to make a study of the process but they could only postulate the
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release of a histamine-like substance. A minute skin dburn was shown to
reproduce perfectly the effects of intraderrmically injected histamine.

In severe burns in humens, Rose and Browne (1942) found a definite
increase in blood histamine within one hour after the burn. 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 caused a re;
duction im skin histamine content. The loss of histamine only occurred
subsequent to oedema formation and was not observed if the skin area was
removed immediately after burning. XKisima (1938) showed that dogs would
not suffer from burn shock if the burned area was Temoved directly after
injury. 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 histemine very rapidly.
In 10 minutes the histamine content of the whole mouse was daubled. However,
he has not ventured to guess the source. of this new histamine. Perhaps
it was the result of histidine decarboxylation.,

In another paper Dekanski (1S47) states that only with 60°C burns is
the skin histamine increased. With 80%C and 140°C burns Lhe histamine
present slowly disappears, He believes that the histamine formation
"depends on the activity of irritated living cells", Dead cells he noted,
formed none and whatever histamine they did contain was lost and destrpyed
or reabsorbed.

Histamine~like-activity has also been found in the perfusion fluid
of the isolated burned cat heart (Bennet and Drury; 1931) and in venous

perfusates of hind extremities of animals that had received skin burns

(Negamitu, 1935).
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Farther work by Dekanski (194¢) indicates that the effects of
burning to release histamine may be medieted by ths subsiance "leucotaxine®
(Menkin, 1937) This substance, a polypeptide, having 8-14 amino acid
residues and a molecular weight of about 1500 ( Miles and Miles, 1952)
has just lately been shown to cause the release of histamine (1953
personal comminication from A.L. CGrossberg )s A short time earlier,

Beloff and Peters (1944=-1945) found that after burning the tissues
contained o "liberated enzyme" resembling trypsin. This they claimed

was the "burn toxin". It is doubtful that this "proteinase" has any
relation to leukotaxine which possesses no enzymatic activity. Feldberg
(1941) hes noted that eny factor such as heat which alters the structure

of either the 1lipins or the proteiuns of the tissues would probably release
histamine. 7Tt is also to be remembered that just such 2 technicue has been
employed as a method in the extraction of tissue histamine for & number

of yeasrs, |

(¢) Histamine Release by Irradiation

Lewis and Zotterman (1926) were the first to suggest thet the vaso~
dilatation in human skin subsequent o exposure to sunlight or ultra-
violet light might be due to histamine, With & very intense localized
exposure they were able to follow the course, through the lymphatic channels,
of the vasodilator substance eleborated in the skin, by charting the dila=-
tation € the overlying skin vessels, The same dilatation would also occur

with administration of histamine under the skin,

In Lewis' monograph (1927) further evidence links the effects of ultra=-
violet light, X=Rays and radium emanations with those of more gquickly
acting stimuli, 1In all these instances the vessels were found t~ be left
in a common state of refract-riness tc histamine and irresponsiveness

to vasgsoconstrictor substances.
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The production of histamine from histidine by ultra-violet 1light
at 250 mp 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 such but only occurred with the
decerboxylation, However, Bourdillon et al (1930) produced evidence that
whereas ultra-violet light of a wave length under 265 mma could produce
histamine from histidine, such light could not penetrate human skin and
was also not present in sunlight. These authors therefore held it more
probable that the irradiation liberated preformed histamine.

Summing up the evidence Laurens (1941) states: "From the amount of
energy constituting the minimal erythemal dose and the absnlute quaentunm
efficiency of the total photochemical changes in typical proteins and the
concentraticn of protein decomposition products, the direct photochemical
prbduction of H=-substance from the proteins of the stratum mucosum is reason-
able from a quantitative point of view',

(&) Histamine Release by Chemicals

Lewis (1927) found that whatever the nature of the provocative
injury-mechanical, thermal, electrical, chemical or photochemical, the
reaction was always the same., He believed that this reaction, the triple
response, was caused by a chemical stimulus, However, he had no proof for
his belief, His only data consisted of a long list of substances which re-
produced the effects caused by histamine. These were hiydrochloric acid,
sodium hydroxide, silver nitrate, copper sulphate, mercury bichloride, and
alcohol. These substances were thought (Rideal, 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 scme of these

substances are still used in the quantitative estimation of tissue histamine,
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Best, Dale,Dudley and Thorpe. (1926) have given an acc-unt of extraction
procedures using a few of these materials.

Many irritants have heen claimed to cause histamine release when
applied to the skin. Lewis (1927) again compiled such » list which in~
cluded mustard, misterd gas, cayenne pepper, centharidin, and chloroform.
Fe claimed that the symptoms observed were all due to tissue injury. Later
xylene, croton oil, turpentine and colchicine were found to produce similar
effects (See Selle 1946 for references), Selle hes compared the reactions
due to th%se irritants to the action of various venoms, trypsin, allergic
manifestations and ultra-violet irradiztion,

Bartosch (1936) was able to show that small amounts of heptane, octane,
and benzol, administered to guinea pig lungs by way of the tracheal cannule,
causad 2 release of histamine which was detectable in the perfusate. Per~
fusion of a rabbit's ear with these substances also caused a release of
histamine,

The irritating vavors of ammonia, acrolein and toluol were similarly
shown to release histamine from guinea pnig lungs ( Geran, 1938). More
recently, Schild (1949) has demonstrated that ammonium chloride will 1li-
berate histamine cuantitatively from striated muscle if the pl is high
enough to liberate free bhase.

All the above menticned irritants are believed to czuse the release
of histamine by cellular injury. Whether a specific mechanism underlies
this effect has not been demonstrated. Several investizators (Astrup,
1950; Zaplan, 1944) have reporbed that chlorofcrm is able to activate serum
fibrin~lysin but this observation hae not been extended to include nther

irritants.
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There is a possibility that another mechanism takes part in the
inflammation stage of irritation. Hocha e Silva (LS44) has mentioned
that increases in skin histamine may be due to the collection of pla=
telete at the site of inflemmation., 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 Toxins

Kellaway (1929) was the first to mention the possibility that the
stimilating action of snake venoms on the guinea pig uterus may be
mediated by the same factor as was produced by the anaphylactic reaction.
Histamine, however, was discarded since the venoms contracted the raty
uterus = an action that histamine does not have,

About the same time Essex and Markowitz (1930) compared the effects
of crotalin (rattlesnake venom) shock to anephylactic shock in dogs. They
found such similarities as, a sharp fall in blood pressure, and initial
constriction of splanchnic viscera followed by engorgement, a loss of blood
coagulability and a rise in bladder pressure, The triple response cuuld
also be obtained with crotalin as could histaminic or anaphylactic~like
effects on isolated guinea pig uteri or bronchioles. ZExcept for isolation
of the active agent producing these effects in both conditions the compa=~
rison between crotalin and anaphylactic shock was almost complete.

Probably the earliest, and most complete, revort of histamine release
by venome was mede by Feldberg and Kellaway (1937)s. 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-like-substance had been
releasaed, The release was accompanied by 2 bronchoconstriction and swelling

of the lung - a condition also noticed with histamine or specific antigens,
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Depending on the dose of the venom almost all of the histamine~like material
could be perfused from the lung. In the case of the rattlesnake venom,

an immediate proteolysis was followg? by destruction of the lung tissue.

4 "slow-reacting substance® was also liberated during the action of the
venoms,

These workers (Feldberg and Kellaway, 193%) showed that the release
of histamine was probably mediated by "lysocithin®, a mixture of lysolecithin
and lysocephalin produced by the action of venoms which contained a
lecithinése. Lysocithin could be released from wvenom-perfused monkey
livers without the liberation of histamine, Subsequent treatment of dog
livers with this monkey lyso®Rithim released histaminé Jjust as the pure
venom would, The formation of “slow-reactingrsﬁbstance“ was also thought
to be due to the action of lysocithin. (Feldberg, Holden and Kellaway,
193%)s An alcocholic extract of lecithin incubated with cobra venom had
two main properties = a lytic one and® smooth-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
output  of histamine and "slow~-reacting substances" were found to bear
no relation to each other but usually histamine was released first,

Aaother property of lysocithin was believed by Feldberg (1940) to be
its ability to produce & long lasting output of adenalin from the adrenal
glands. He suggested that the adrenalin was. freed by the direct lytic
actlon of this venom=formed material and histamine was not an intermediary
in the reaction, This suggestion is in opposition to the observations of
Burn md Dale (1522) who showed that when histamine was injected into the
adrenal artery of a cat there resulted a transient rise in blood pressura,

Also anyone who has made very many histamine injecticns will vauch for the




494
belief that adrenalin is spovareatly released even when histamine isg given
by the femoral raute.

Feldberg and Xellaway(1937) found that the lungs of young kittens con~=
tained little histamine and showed less symptoms from snake wvenoms than
did older cats lungs in whom the histamine content was high, However, the
celiular injury was alsn greatest in the lungs of the older cets and this
suggested that the release of histaqine was in the same way connected to the
deyree of cellular destruction.

Starting with observalions on sneke venoms Rocha e Silva (1938,1940)
found that the effect of crystalline trypsin resembled those of histamine,
venom or anavhylarils and caused a release of histamine when perfused through
guines pig lvungs. The mechanism seemed to act in two phases. Digestion
of the protein would first lead to destruction of the normal lipo-protein
structurs, and then, when peptones were formed by the tryptic digestion,

a further release would be initiated, In venom poisoning a epolit product
of 1lipin and proteolytic digestion could slso ceuse the release of histamine,
(Feldberg 1941), The venoms act by splitting off oleic acid from lecithin
2nd forming the lytlc substance lysocithin.

Bee venom has been shown to act in much the same way =25 snalte venom
(Feldberg and Zellaway, 1937-1938), A guinea pis lung perfused with the
equivalent of 5 bee stings increased tiae outnut of histemine from 0.7l
pg/min to 0.11 mg/min. 75% of the lung histamine was removed after 3.5
hrurs of perfusinn, In addition, this venom had both fast and "slow-
reacting® direct eifects on the isnlated intestine,

In order to reconcile the mechanisme occurring in venom shock and
anaphylactic shocik, Feldberg (1041) wostulated that the antigen might

affect the sensitized cells by des*troying anti-®yptic factors, allowing
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cellular tryvsin to act. Thus the release of histamine together with the
formation of vpevtones from the tissue proteins could account for all the
nown smooth miuscle stimulating effects not only of venoms but also of
peptone and ansphylaxis.

Staphylococesl toxin, preparad in agar nutrient broth was shown by
Feldberg and Keogh (1937) to have a histamine releasing action by cellular
injury, in perfused cat and guinea pig lungs. This particular bacterill
toxin was chosen because it was known to have a shorter latent period in
the production of symptoms than other toxins. (Xellaway, Burnett and
Willisms, 1930). The histsmine was released only after a long latent
period of between 10 and 40 minutes and smounted to values ranging
between 4 and 15% of the total lung histamine., The authors suggest that
this mechanism c¢f nistamine release is probably involved in tane action of
other bacterial toxins,

A different type nf bacterial reaction is observed in the Schwartzmann
nhenomenoa, If a rabbit is given an intradermal injection of a small
amount of filtrate from a bacterial culture, and 24 hours later receives
an intravenous injection nf the same filtrate or even of a filtered zulture
of certain bacteria different from thoss used for the intradermal'injection,
a haemorrhagic lesion appears at the site of the latter. Rocha e Silva and
Bier (1938) found that fragments of skin removed from the haemorrhagic sites
usually contained more histamine than normal speciments. They believed that
histamine was liberated during this phensmenon and acted as an adjuvant
enhancing fragility and permeability of capillﬂ?ies;thereby produacing
hacmorrhazic areas., Kecsntly Rocha e Silva (1952) f-und indications that
the presence of vlatelets was an important fact-r in the development of this

experimental purpura,
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The significance of this detail will be seen later ih conaection 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,

, HISTAMINE, RALEASIT BY INZYMES

Many actions of histamine~liberating substances or mechanisms have
been at least partly explained by the postulation »r demonstration of
enzymes taking an active vari in the process. This section will deal
with that aspect of the reaction more completesly. 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 aspects 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
tryptic ferment, normally kept in abeyance, initiated a self-digestion of
serum proteins, By removing the anti-trypsin, the antigen-antibody union
determined the onget of protein cleavage. The toxic cleavage products
were then produced from the animal’s own blood proteins., Abel and Kubota
(1919) also suggested that the intracellular formation of histamine by
orotein digestion caused the anaphylactic symptoms, so similar was the

reaction to that produced by directly injected histamine,
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Many others have mentioned that a proteinesse constituted the common
factor behind the liberation of histamine in various procedures. (Beloff
and Peters, 1944-1945; Tepperman, Engel, and Long,1943) but the probdlem
did not seem to be so simple as 2 mere tissue digestion and disintegra-
tion,.

Rocha & Silva and Andrade tl943) fouand theat the histamine-libverating
‘power of papain,, a vegetable'bepsiﬁ much like intracellular cathepsins,
ran parellel ﬁith its' capacity for attacking the arginine-amide linkage.
They concluded, quite naturally, that histamine in the cell, was bound
by an amide fype linkage with arginine or lysine. TExtending these
findings to living cells, (Focha e Silva, 1944))cathepsin 2 was postu =
lated as being the proteolytic enzyme which might liberate histanine when
its activation took place, for example in anaphylaxis. Rocha e Silva and
co-workers (Rocha e Silva, Andrade, and Teixeira, 1946; Rocha e Silve
end Teixeira, 1946)‘have also found ample evidence that activation of
proteolytic enzymes £akes place in anaphylactic and peptone shock,

Rocha e Silva (1950) considers that the protease system is probably
the missing link in the ckrin of events leading to the release of hise=
ﬁamine. In such conditiong as anaphylactic or peptone shock in the dog
the presence of the proiease can only be detected, after the concomitantly
released heparin is neutralized with protamine (Jaques and Waters, 1941),
Tﬁe protease, fibfinolysin, cannot be detected in the blood after several
doses of antigen or peptone,and therefore, desensitization might depend
on either an exheustion of the mechaniem leading to fibrinolysis or on the
discharge of an antifibrinolytic agent which would block the first wave

of fibrinolysis. The fibrinolytic activity is not blncked if heparin can
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be sxcluded from the system, If atthoracic"dog is used the release
of heparin does not tzke place and so the presence of the protease
cen be demonstrated much more’.readily.

In peptone shock in the anterior or thoracic dog, the following
events have been shown (Scroggie, Jaques and Rocha e Silva, 1947) to
take place,

Preptone —————s serum tryptase e—— CH013
¢——— 1inhibited by soya bean trypsin inhibitor
v

fibrinolysiné—— inrhibited by heparin

inhibited by prctamine

v
lysis — heparin and histamine

The 30y bean trypsin inhibitbr was first isolasted by Ham and
Sandstedt (1944) and was later shown to act by forming elmost instan-—
taneocusly eand irreveraible stoichiometric compound with trypsin (Northrop,
Kunitz, and Herriot, 1948). The inhibitory action of the soy-bean factor
has been shown by Tagnon and Soulier (1946) to extend into systems where
the plesma enzyme was being activated by either chloroform or streptalkinkse.

McIntyre, Roth, and Sproull (1950) have produced evidence to ine
dicate that the soy bean inhibitor does not exert its effect in the ana=
Phylactic reaction., Using e method similar to that of Scroggie, Jaques
and RBocha e Silva (1947) they found that the soy bean preparation did not
inhibit the release of histamine from sensitized rabbit cells treated
with the specific antigen. This view seems to be supported by the in=-
vestigzations of Ungar and Mist (1949) who found that the activation of
the serum fibrinclysin bdy CH013 or streptokinase differed from that
caused by the specific antigen, peptone and certein polypeptides in

that activation by the latter agents required the presence of a certain
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heat labile serum éonstituent. Thils factar was assumed to be a fibrino-
kinrse and the possibility was suggested that the protease activated
by cbloroform or streptokinase was not indentical with that activated
by the other substances.

The difficulty of preventing anaphylsctic reactions with the
soy~-bean inhibitor may probably be due to the size of the molecule,
which prevents its diffusion from the blood stream to the tissues,

Thus when the anaphylactic reaction occurs, no SBI would be in the
vicinity to prevent the activation »f the tryptase,

The earliest reports had indicated that certain streptococci
produced a fibrinolytic enzyme (Garner and Tillet; 1934). However
this was later shown to be an enzyme activetor which produced s "lytic
factor” from an inactive serum precursor (Milstone, 1941 Christensen,
1945), The lytic factor is now known most widely as “plasmin® or
"fibrinoclysin®,

Most recently Mullertz and Lassen (1953) have shown that strep-
tokinase, the streptococcal agent, transforms a proasctivator in blood
to an activator which in turn converts pro~fibrinolysin to fibrinolysin

STREPTOKINASE PROFIBRINCLYSIN
PROACTIVATOR —Y — SACTIVATOR ——
FIBRINOLYSIN

The "anaphylatoxin" which caused so much trouble in the early
menuscripts seems to be the same as "fibrinolysin®", All the sctivators
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