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I. INTRODUCTION

Several stages mark the development of our knowledge about histamine and

its actions in the body. First came its isolation, and the description of its phar-

macological effects, akin on the one hand to those produced by “shock”, and

on the other to certain anaphylactic reactions. Following this came the dis-

covery that histamine was a constituent of normal tissues, that it was released

in sensitization reactions, and that it, or something very like it, was concerned

in one of the fundamental responses of the skin-the “triple response”

of Thomas Lewis. Along with this went a steadily increasing knowledge of its

distribution in the body, and an expanding study of possible roles in control-

ling the contraction of various smooth muscles or the secretion of gastric juice.

A further impetus to this field of study came with the discovery and develop-

ment of the antihistamines, which allowed, amongst their other uses, an ap-

proach to the physiology of histamine similar to that provided, for instance,

by the use of atropine in unravelling autonomic physiology. But de8pite this

accumulating experience, to which knowledge about histamine metabolism was

also added, histamine still remained somewhat of a physiological puzzle-a

highly active and widely distributed tissue constituent to which no physiologi-

cal role could be attributed with certainty.

A new approach became possible when means became available for reducing

the amounts of histamine in the tissues by the substances now known as hista-

mine liberators or histamine releasers. It is true that substances capable of

freeing histamine from its attachment in mammalian tissues have long been

known. But these had been for the most part materials such as venoms, pro-

269
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teolytic enzymes, lysolecithin, and bacterial toxins. Certain peptone prepara-

tions, whose effects have been studied over fifty years, can indeed be compared

with the more recent histamine-releasing drugs, but they need to be given in

massive dose, and are liable to contamination with histamine itself. The other

substances just mentioned, though active in releasing histamine, were liable

to produce gross tissue damage and were usually lethal in any histamine-releas-

ing dose. But in 1939, Anrep and his colleagues (2), during work on blood flow

through muscle, discovered that curarine could release histamine from dog

muscle, showing further that repeated injections led to lessening histamine re-

leases, and that the histamine content of the muscle was at the same time re-

duced. The ability of certain other curarizing compounds to release histamine

from dog muscle was demonstrated by Schild and Gregory in 1947 (207), who

showed that strychnine also had this power. In the same year, MacIntosh and

Paton (134) showed that the ability to release histamine was far commoner

than previously suspected, being exerted by a wide range of dibasic substances,

some of them very simple chemically, as well as by some benzamidine deriva-

tives and a number of other somewhat complicated molecules. At the same time

it was found that these compounds could also release heparin in the dog, furnish-

ing a provocative analogy between their action and that of anaphylaxis. Of

recent years, the number of substances shown to release histamine more or less

readily has rapidly multiplied. There are now a number of compounds of known

structure available with which certain tissues at least can be depleted of their

histamine, without gross damage or lethal action. But at the same time, the

situation has become complicated by evidence of different mechanisms of ac-

tion, and by the discovery that different species and different tissues may react

differently. It is necessary first, therefore, to review the main methods used,

and to describe the results obtained, before approaching the more general

problem of what light this work on histamine release has thrown on the physi-

ology of histamine.

The earlier work on histamine release is reviewed by Feldberg (68). The

review by Rocha e Silva (193), and that by Parrot and Reuse (169) should also

be consulted. An important account of current research in this field will be found

in the proceedings of the Histamine Symposium, held in 1955 jointly by the

British Physiological and Pharmacological Societies with the Ciba Foundation,

and published in 1956 in the series of Ciba Foundation Symposia.

II. METHODS OF STUDY AND CRITERIA OF HISTAMINE RELEASE

1. Methods using the whole animal. a. Rise in histamine content of systemic

blood. Perhaps the most decisive evidence that a compound can release hista-

mine in the mammalian body is the demonstration of a rise in concentration of

histamine in the plasma after the injection of the compound concerned. It is

then established that release occurs when the tissues are in their natural en-

vironment receiving blood through their proper vessels, and the histamine can

be pharmacologically identified as rigorously as occasion demands.

This method has been used by a number of investigators (2, 77, 113, 135, 142,
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170, 180, 200, 201) but the method is not without complications. (a) It is known

that histamine (given by slow infusion in man) can produce quite prominent

effects in the body, such as circulatory actions or stimulation of flow of acid

gastric juice, although its concentration in the plasma (less than 3 ng/ml)

may be demonstrable only by highly refined techniques (cf. 1). To obtain

plasma histamines of a level which can be demonstrated easily (for instance by

testing a small quantity of plasma directly on guinea-pig ileum in vitro) an

animal must be thrown into a state either of shock or bordering on shock. Under

such conditions, other substances, such as catecholamines, also appearing in

the blood, may complicate the assay; and quantitative comparisons of hista-

mine-releasing potency are very difficult. (b) The assay of histamine in the

plasma of whole blood is complicated in many species by the existence of hista-

mine and hydroxytryptamine in the leucocytes or platelets (1 10). This necessi-

tates either scrupulous care to avoid damage to these structures in preparing

the plasma, or, if whole blood is used, a simultaneous verification that there

has been no change in the proportion of these formed elements in the blood.

Such a change is known to occur, for instance, in anaphylaxis in the rabbit,

and led to the belief, for a time, that anaphylaxis did not cause systemic hista-

mine release in this animal although this is now established (201).’ (c) A rise

in plasma histamine is not informative as to the origin of the histamine. It

should be possible, however, to demonstrate the main sites of histamine release

by sampling venous blood at various points after injection of a histamine liber-

ator. Little work of this type in the whole animal has been done, although it is

known that Compound 48/80 injected arterially into a dog’s leg causes a rise in

histamine content of femoral vein blood (79).

b. The delayed depressor response. The histamine-liberating activity of licheni-

formin, and of many other substances, first came to notice through the char-

acteristic effect it exerts on the blood pressure, when injected intravenously

into the cat anaesthetized with chioralose (134, 135). After the injection, the

blood pressure is unaltered for 20 to 30 see, and then falls sharply; with the

appropriate dose, a rapid recovery follows. Often a pronounced tachycardia

develops as recovery of the blood pressure occurs; and if blood pressure of the

animal was initially low, the recovery may be followed by a pressor response.

It is thus possible to obtain a depressor response closely resembling that seen

(for instance) with histamine, save for the single difference that it occurs about

25 sec later. The latency in onset means that the drug does not have a rapid

direct vascular action of its own, comparable to that of acetyicholine, histamine,
nitrites, veratrum-like substances, or detergents. Yet, because the depressor

response, when it comes, is abrupt, it is hard to suppose that the delay is due

to an intrinsically slow direct action by the drug. Further, the interval to ac-

tion is significant, for it agrees closely with what was subsequently shown to be

1 The ability of plasma from certain species, when diluted with saline, to form slow-con-

tracting substances, is an additional difficulty. (Schachter, M.: A delayed, slow contracting

effect of plasma and serum due to the formation of a substance resembling kallidin and

bradykinin. J. Physiol. 129: 30P-31P, 1955.)
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the circulation time in the cat for an injection of saline to pass from the femoral

vein to its second appearance in the carotid blood (91) . The conclusion follows

that the drug does not itself directly influence the blood pressure, but releases

a vaso-active material at the periphery, which reveals itself only after return

to the heart and discharge into the systemic arteries. In view of the known

instability of acetylcholine in blood, the existence of histamine in the tissues,

and the similarity of the response to that due to histamine, the plausible in-

ference could be made, from the character of the response alone, that histamine

is being released.

The argument outlined was originally no more than suggestive, but it has

been substantiated hy direct evidence. It is striking that, at least within the

writer’s knowledge, only one exception exists to the rule that compounds which

show this delayed, abrupt, depressor response are histamine liberators. The

exception is that such a response may sometimes be seen with a large dose of an

anticholinesterase (57). But the principle still operates. Here acetyicholine, con-

tinuously released and usually destroyed in the tissues, but suddenly preserved

when the anti-esterase is injected, takes the place of histamine. The presence of

the delayed depressor response, therefore, provides a simple and useful test for

histamine-releasing activity. It offers the advantages that the test is performed

on a whole animal, that small doses can be used, and that quantitative com-

parisons or estimates of threshold doses can be obtained. This method also

allows an estimate of the speed of histamine release. Gray and Paton (91)

found, for 2 ml injections into the femoral vein of a cat under chloralose, that

the mean circulation time for the second appearance in the carotid artery was

18.2 sec, with S.D. about 4 sec. MacIntosh and Paton (135) obtained latencies

in the delayed depressor response between 20 and 30 sec. If a few seconds are

allowed for the transit time of blood from the carotid artery to the vessels on

which histamine acts, and for the time required for the action of histamine

(once started) to become manifest, the latency in the response is indistinguish-

able from the circulation time. This implies that the process of histamine release,

when the drug is injected intravenously, can take at most a few seconds to

begin, and possibly much less.

It is not true that, when the delayed depressor response can not be seen,

histamine release cannot occur. We now know that substances, such as tolazo-

line, bile salts, and neoarsphenamine can release histamine (200); but these

compounds produce other vascular actions, which obscure the characteristic

histamine-liberating action. Sometimes, as with d-tubocurarine, when previous

artificial respiration and ganglionic block have been established, the other

vascular effects can be prevented and a typical response seen (135). In general,

a lack of histamine-releasing activity can be inferred from this type of test

only if the drug is devoid of any action whatever on the blood pressure.

The delayed depressor response does not, in itself, indicate the source of the

histamine released. Some evidence of this may be obtained by testing whether

the response can be seen after skinning the animal or after evisceration, by

comparing the results of injection into the right and into the left auricle, or




