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of the perfusion for a few minutes, do not themselves cause the output of hista-

mine to rise. Histamine outputs of 100 �g from a single skin flap are easily ob-

tained, and as much as 360 �ig has been recorded. The method, however, offers

some technical difficulty ; and quantitative comparisons of potency are not

easily made since the histamine released dwindles rapidly with successive in-

jections. The perfused cat paw has also been used. This is simple to prepare,

does not become so oedematous, and yields a good histamine output. A disad-

vantage is that it contains more than one tissue, but its reactions appear to

be equivalent to those of a skin flap (223). Perfused liver (except in the dog),

lung, or intestine seem, in general, to be less sensitive to histamine-releasing

action.

The use of the perfused organ also allows a deeper analysis of the characteris-

tics of the release process. With perfused muscle, indeed, under the action of

histamine liberators, the output of histamine in the venous outflow follows ac-

curately an exponential course, and behaves as though the histamine were re-

leased rather rapidly into a volume quantitatively the same as the extracellular

space, from which it is then washed out by the perfusion fluid (77). This analy-

sis, together with the promptness with which release in the whole animal takes

place, judging by the character of the delayed depressor response, has led to

the release being characterized as “explosive”, and indicates that the main

part of the action can only take a few seconds.

With the perfused organ, it is also convenient to be able to make up a balance

sheet of histamine initially in the tissue, histamine released, and histamine re-

maining in the tissue after release. The fact that such balance sheets show that

no new histamine is formed, but that release takes place entirely at the expense

of preformed histamine, is important for understanding the mechanism of re-

lease (77).

The perfused rat hindquarters have also beeii employed (61, 76, 196). Here

skin and muscle are present, so that it is not certain whence the histamine

comes, or in what proportions. The preparation is liable to have a high spon-

taneous histamine output, and to become very oedematous. It also seems to be

more vulnerable to non-specific influences. But it is a simple preparation, allow-

ing the assay of histamine as such, and is reasonably sensitive.

Release of histamine has been recorded as a result of ischemia of the rabbit

hindquarters (18).

3. Diffusion techniques. Schild and his colleagues (147, 196) have developed

in detail methods whereby a tissue is suspended in rftro in Tyrode solution and

the histamine diffusing out of it, in response to histamine liberator in the bath

diffusing into the tissue, is measured at various times after the application of

the histamine-releasing agent.. This is a simple method in which the estimate

of histamine released can be made easily and as precisely as required, and in

which accurate quantitative assays and comparisons can be made. Appreciable

time must be allowed for the diffusion process to approach sufficiently near

equilibrium. With large doses of releasing agent, ten minutes is sufficient, but

with lower concentrations the “half-time” to equilibrium is about thirty mm-
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utes. The method has been applied particularly to tissues from rat and guinea-

pig. A useful feature is that it can be used for tissues for which perfusion is

difficult.

4. Fragmented tissues. It has been found that, if a tissue is minced by suitable

means into pieces of approximately 2 mg weight, the particles retain most of

their histamine content in a state from which release can still occur (148, 149).

The mince is washed, suspended in Tyrode solution, and kept stirred by agita-

tion with a glass ball. A spontaneous release of histamine takes place during

the first twenty minutes, of about 20 % of the total histamine content, but then

a steady state is attained with a low constant rate of loss of about 0.1 %/min.

The application of a releasing agent causes the appearance of histamine in the

suspending fluid. It takes up to an hour to reach full release, and longer with

low concentrations of releasing agent., but with high concentrations, the bulk of

the release may be completed in ten minutes. The speed of release is not ac-

celerated by mincing the tissue eight times finer (in terms of particle weight)

so that, presumably, the speed of release is not being limited by diffusion.

The method offers the advantages that a number of uniform samples of mince

can be prepared for comparative tests, that all the histamine is released, and

that, since concentration-action curves are steep and parallel, quantitative

comparisons between drugs are possible.

In general, agents active in the whole animal are also active in this prepara-

tion. But it displays some important quantitative differences, to be discussed

later, notably that 48/80 is less active than it is in the whole animal, in per-

fused skin, or on intradermal injection ; and that the alkylmonoamines, particu-

larly octylamine, are more active than in other tests.

5. Whole blood, leucocytes and platelets. Rabbit blood, in which relatively

high concentrations of histamine occur both in the platelets and in the leuco-

cytes, is most commonly used in this method for studying histamine release

(99, 117, 137-139). The blood must be handled with circumspection, using

siliconed glassware and avoiding mechanical agitation, to prevent breakdown

of the cells concerned. The histamine is conveniently assayed biologically after

a preliminary extraction from the plasma, or by chemical means.

The method provides a valuable supplement to other studies. Histamine

release here, however, does not seem quite comparable to that obtained from

other tissues, and these results are described separately below.

6. Intracellular particles. Finally, the analysis of release has been carried

down below the cellular level by the use of differential centrifugation techniques

(47, 98, 137, 150, 152, 157). It has been found that the histamine is chiefly

localised in the larger granules of liver and lung cells. A suspension of such

granules in Tyrode solution is itself pharmacologically inactive if injected,

showing that the histamine is not in free diffusible form. But the application

of distilled water, detergents, and histamine liberators will mobilize the hista-

mine, so that it can become pharmacologically effective and identifiable.

7. Mast cells. Histamine release in mast cells has beeii studied, although in a

more indirect way. The correlation of histamine content of a tissue with mast
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cell content has been well established (41 , 89, 90, 158, 186, 191), so far prim-

cipally in the rat although discrepancies exist (84, 158, 189, 190). This allows

one to use a tissue rich in mast cells, such as part of the mesentery, as a test

object for histamine release by a drug. The disruption of individual cells and

the discharge of granules, together with a subsequent failure of the cells to take

up a stain such as toluidine blue, can be taken as signs of such histamine re-

lease. The method may be rendered quantitative and tests made comparing

various concentrations of a releasing agent, the activity of different drugs, or

the effectiveness of antagonists (160, 161).

Historically, it is interesting to mote that the destruction of rat mast cells

by egg white was observed by Webb twenty-five years ago (226), a finding still

to be completely interpreted.

Critical assessment of evidence for histamine release

It is usually easy to establish that a particular drug or procedure can mobilize

histamine from its cellular confinement. But claims that particular drugs exert

their actions in the whole animal through histamine release, either in part or

entirely, have met with a number of criticisms. The problem is important, from

the practical point of view, because there is a large number of substances in

clinical use for which histamine release has been demonstrated by one means

or another. A discussion of some of the objections raised to characterising such

substances as diaminodecane or 48/80 as histamine liberators may help to

clarify the matter.

The failure of antihistamines to be as effective as expected against the de-

pressor effects of 48/80 or diaminodecane, as well as other histamine liberators,

has been commonly noted. A similar discrepancy has been observed for certain

allergic and anaphylactic responses. As a possible explanation for the latter,

Dale (48) has developed a distinction between “intrinsic” and “extrinsic”

histamine: this concept has been so widely exploited that it seems worth while

to quote his words in full:

“Consider the relationship between the cells from which histamine is released-the
sensitized cells on which the antigen or haptene acts in the case of the allergic reactions-

and those which react to the released histamine, producing the familiar syndrome. The

cells which release histamine and those which respond to it may be identical, as they prob-

ably are when sensitized plain muscle encounters the antigen, and we may plausibly picture

this as a reaction to histamine internally liberated and speak of it as a response to intrinsic
histamine. On the other hand, when histamine is released in the liver it is obviously carried

widely by the circulation to other histamine-sensitive tissues, causing a general vasomotor

collapse and stimulating the plain muscle of remote organs. Even when the injury releases

histamine from epidermis or nasopharyngeal epithelium it is not the epithelial cells which

respond to it but the subjacent vascular plexus, which thus reacts to extrinsic histamine.

It will be clear that the antagonism of an antihistamine, whatever the precise mechanism

of its action, may be widely different against histamine from within and histamine from

without. There might obviously be analogies with the action of atropine in suppressing

readily certain effects of acetyicholine applied from without while leaving practically un-

changed corresponding effects of its release from nerve endings. There is an even closer

analogy in Schild’s observation that the guinea-pig’s sensitized plain muscle can be made
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tolerant of excess of histamine in the surrounding fluid so that it gives no response to further

additions of histamine to the bath but still responds to the specific antigen-presumably,

therefore to intrinsic histamine. Such considerations may throw light on the relative effec-
tiveness of antihistamines in urticaria and vasomotor rhinitis on the one hand and in spas-

modic asthma on the other. The point is at least worth discussion in the light of clinical

experience of the relative values of these drugs in different types of allergic reaction.”

Such a distinction remains crucial, until we know more about the intimate

details of histamine release and action. But our recent knowledge, that much of

the histamine mobilized by histamine liberators comes from mast cells, forces

us to assume that the histamine chiefly concerned in the depressor responses in

animals is largely “extrinsic”, i.e., escaping from one cell, the mast cell, to act on

another, the smooth muscle or capillary. Histamine so released should, therefore,

be susceptible to antagonism by an antihistamine. But it may also be noted that

the mast cells from which release takes place may be in very close relation to the

blood vessels. Now the relationship between the distance from a point source of

diffusible material and the concentration of the material at that point is a rather

steep one. Assuming free diffusion, it is of the form C = Q . e�2/4kt/8V�(k�3

where c is the concentration at a distance r from the point source containing Q
of the material with diffusion constant k, at a time t after the beginning of dif-

fusion (40) . For instance, after 10 see, the concentration 300 � from the centre

is about one thousand times less than 30 � from the centre. Accordingly, struc-

tures close to the mast cell might be exposed to extremely high concentrations,

although those little more remote would be exposed to substantially lower ones.

Now it is well known that antihistamines can only antagonise the effects of small

doses of histamine on the blood pressure; thus the action of 0.1 j.�g intravenously

may be abolished, whereas that of 10 �ig may be hardly affected. It can be esti-

mated, from Gray and Paton’s (91) work on the circulation, that these doses

will give rise to peak plasma histamine concentrations of 10_8 and 10� respec-

tively. If, then, antihistamines can hardly show their antagonism to the vascular

effects of histamine when its concentration in the body fluids is 106, it is hardly

likely that they will be effective with a concentration resulting from the release

of histamine, initially at a concentration estimated at 102 (89), in the neigh-

bourhood of a mast cell. Only when diffusion, or dispersal of histamine in the

blood stream, has lowered the histamine concentration ten thousand times,

could they be expected to show their action. One would expect, further, that a

favourable time to demonstrate the effect of an antihistamine would be fairly

late in the depressor effect, when histamine had been generally distributed; and,

indeed, MacIntosh and Paton noticed this restorative effect of an antihistamine.
However, it must be added, that, although the relative failure of antihista-

mines to prevent the depressor effects of histamine liberators cannot be taken

as an argument against those effects being due to the action of released histamine

on the blood vessels, yet other reasons for this failure exist. In some species, of

course, such as the mouse, antihistamines have little protective action against

histamine itself (55). Further we know that other substances are also released,

including vasoactive “slow-reacting substances” and (at least in the rat) hy-
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droxytryptamine, against which antihistamines are inactive, and these may

contribute to the depressor action, at least with large doses of liberator (15, 16,

1 13, 170). It is difficult to exclude, in addition, some alteration of the blood yes-

sels in the neighbourhood of the cells releasing histamine. Riley (184) has de-

scribed an oedema and change in staining properties of the mesenchyme of the

tissues round the mast cells, which might extend to, or influence, the vessels

carried by it. The circumstances of release, as well as the histamine itself, may

well influence the picture observed;

A second doubt, as to whether a particular histamine liberator is properly

so-called, has resulted from failure to detect histamine in the plasma after a

significant depressor effect had been elicited. But abundant evidence has now

been obtained that rises in plasma histamine occur, provided large doses of

liberator are given. The difficulties of assay of histamine in plasma by simple

methods are sufficient to account for reported failures to detect a rise after mod-

erate doses of liberator, just as after moderate doses of histamine itself.

Thirdly, it has been noted that the toxicity of a compound such as 48/80 is

roughly the same in all species, unlike that of histamine ; that 48/80 produces

bronchospasm in guinea-pigs only with difficulty (unlike histamine) ; that it is

rarely pressor in the rabbit (unlike histamine) ; and that it falls far short of hista-

mine in stimulating smooth muscle such as that of the guinea-pig ileum. But a

failure of parallelism between the effects of injected histamine and that of a sub-

stance depending for its action on freeing histamine in the tissues would be an-

t.icipated. Although a dose of histamine may be held constant from one test to

another, the effect of a liberator must vary with the histamine content of par-

ticular tissues in particular species, with the proportion of it which is releasable,

and with the rate of access of the drug to the tissue, as well as the rate of release

of histamine and transport to effector sites.

A different question, of practical importance, arises for those concerned to assess

accurately the properties of drugs likely to come into therapeutic use, as to what

test for histamine release should be employed. It is probably best that the tests

should meet three requirements: (a) to include a test in the whole animal on a

species with a sensitivity to histamine and to histamine liberators comparable

with that of man; (b) to allow the demonstration of released histamine as such;

(c) to include a simple test in man. The first may conveniently be met by a test

on the cat blood pressure; several compounds may be tested quantitatively at

one time, and there is also the great advantage that other actions by the drug

may reveal themselves. Of the methods available for identifying histamine re-

leased, the assay of plasma histamine after a large dose in the cat, the release of

histamine from the perfused hindquarters of the rat, or the release of histamine

into the peritoneal cavity of the rat after intraperitoneal injection of a volume of

fluid containing the test drug, offer themselves as relatively simple. Finally,

it is useful to test the drugs intradermally in man, a test that can with due pre-

caution be made quantitative (43, 44, 135); the test can be completed by re-

peating it the following day to verify that, in the skin partly rid of histamine, the

liberator is less effective.
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III. EXPERIMENTS ON LEUCOCYTES AND PLATELETS

It has long been known that the blood of some animals, especially the rat and

the rabbit, is relatively rich in histamine. The cells containing the histamine

vary from one species to another. In the rabbit both platelets and polymorpho-

nuclear leucocytes contain substantial amounts of histamine ; in the guinea-pig

only the eosinophils contain much histamine, and in the rat, as in man, the bulk

of the histamine is in the leucocytes. Other species have lower histamine con-

tents, hardly significant compared to those mentioned (1 10). Graham et al.

(89, 90) have also shown that basophils (i.e., mast cells in the blood) have a high

histamine content. In bloods with a high content of histamine it has become clear,

as the technique for avoiding damage to formed elements of the blood has

improved, that the amount of histamine circulating free in the plasma is very

small; and that most, if not nearly all of it, is held in the cellular elements. This

fact makes it possible to use blood for studies on histamine release, rabbit blood,

in particular, being employed as a rule. Successful release has been achieved by

various antigens acting on blood from sensitized animals (117, 138). But a num-

ber of simple chemical compounds have also been found to be effective (137, 139);

including a number of long-chain aliphatic primary amines, for which activity

was maximal for octadecylamine, a quaternary pyridinium derivative with a

16 carbon atom side chain, certain fatty acids, of which myristic acid was the

best, and dodecyl sulphate. Activity disappeared from the aliphatic amines if

the nitrogen group was substituted, and from the pyridinium compounds if the

side chain was short or if a carbomethoxy group was replaced by bromine or a

carbamine group. The activity of these compounds, despite their obvious sur-

face activity, did not correlate simply with their haemolytic action. For instance,

octadecylamine was not haemolytic, although the trimethyl substituted ana-

logue, free of histamine-releasing action, was strongly so. A number of the his-

tamine liberators found active in other test objects, such as d-tubocurarine,

diaminodecane, diguanidinohexane, and codeine were all inactive. Only morphine

was active in rabbit blood, as well as in whole mammalian tissues. Humphrey

and Jacques (111), using isolated platelet suspensions, found, likewise, that re-

lease of histamine did not occur even after a large dose of 48/80 or thalassine.

Another series of compounds shown by Haining to release histamine in rabbit

blood are the dextrans, and, somewhat more readily, the dextran sulphates.

The activity of these compounds depended on molecular weight. Compounds of

less than 10000 to 15000 molecular weight were virtually inactive. Maximal

effect in the substances tested was obtained with molecular weights between

200000 and 1000000. Sulphonation increased activity roughly fivefold (99).

In both these investigations inhibitors of release could be found. In the experi-

ments of Mclntire and his colleagues, tertiary and quaternary derivatives of

octadecylarnine, a halogen derivative of the pyridinium compound and tertiary

derivatives of dodecylamine were effective inhibitors. In Haining’s experiments

the inactive dextran sulphates were good antagonists to release, as were heparin

and maltotriosesulphate. Sodium oxalate (0.021 1�I), provided it was added
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before the releasing agent was administered to the blood, also abolished release by

dextrans. Oxalate also prevents release by octodecylamine, pyridinium, and

morphine. Haining draws an analogy between the active dextran sulphate as a

histamine-releasing agent, and as a fibrinogen precipitant. He points out that

(a) both these actions occur only when the molecular weight of a compound is

above a certain limit, (b) excess dextran sulphate will inhibit both reactions, and

(c) heparin or low-molecular dextran sulphate will inhibit both release and pre-

cipitation. He suggests that the release process may be preceded by a clumping

of platelets in rabbit blood which then gives rise to the mobilization of histamine.

This suggestion is reminiscent of the well known accumulation of platelets in

the lungs of dogs and rabbits in anaphylactic shock (193).

Some interest has focussed on whether activation of proteolytic enzymes is

responsible for, or contributes to, the release in rabbit blood. Mclntire (137),

however, has failed completely to demonstrate that soyabean trypsin inhibitor

will depress the release by any of his agents, as it also fails to prevent release by

an antigen. It seems doubtful, therefore, whether proteolysis is playing any

part in these phenomena.

It will be clear from these results that histamine release in blood does not paral-

lel that from other tissues, although it is possible to demonstrate with it release

by antigens, by peptone, and by simple chemical substances. The main dif-

ferences seem to be (a) that the most active substances are very surface-active

(although not necessarily haemolytic), a property not specially associated with

histamine release in the whole animal; (b) histamine liberators are generally

inactive; (c) the release can be inhibited by a relatively large number of sub-

stances, including some bearing a relation so close to the releasing agent as to

suggest a competitive antagonism of some sort. With blood cells, aggregation

and interaction of the histamine-containing cells can occur in a way impossible

with a fixed tissue: the responses described may well reflect a fundamentally

different mode of mobilizing cellular histamine.

IV. EXPERIMENTS ON MITOCHONDRIAL PARTICLES

The existence of histamine in intracellular particles is now well-established.

Hagen (98), by differential centrifugation of homogenized dog liver, was able to

show that the bulk of the histamine was localized in the large granule fraction.

From these particles octylamine 10� released histamine, although 48/80 (l0�)

was inactive. Copenhaver and others (47) have also shown that, with prepara-

tion from dog liver, histamine is mostly in the granules, but that in dispersions

of guinea-pig lung the histamine is more evenly distributed between the super-

natant, the large granule fraction and the small granule fraction. They also

found that stilbamidine was not active in releasing histamine from these intra-

cellular elements and that the antigen-antibody reaction could not be elicited in

liver homogenates. Mongar and Schild (150, 152), using guinea-pig lung homoge-

nates, found a similar distribution of histamine between the different cellular

fractions. They were able to release the histamine almost equally readily by

octylamine and by 48/80 (10�), but antigen was ineffective on the mitochondrial

particles from a sensitized lung.
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cells contained in them, and assuming that all the histamine was contained in

the mast cells, they concluded that the histamine might be present in a concen-

tration of 1 % in the mast cell and that each cell contained roughly 6 � of hista-

mine.

Numerous investigators have studied the alterations in mast cells produced

by histamine-releasing agents. Fawcett (66) has used a simple method injecting

material intraperitoneally into rats. If distilled water is so injected there is a

rapid release of histamine into the water accompanied by a disruption of cells.

A corresponding injection of Tyrode solution was ineffective. Injection of a low

concentration of 48/80 produced a large release. This release could only be pro-

duced once effectively and a state of refractoriness lasting several days followed

it. Fawcett also noted that whereas injection of distilled water damaged the

mast cells irreversibly, the injection of a liberator had a different action, leaving

recognizable mast cells and principally causing a discharge of the granules.

Leitch and Haley (127), giving 48/80 intraperitoneally, found that it disrupted

the mesenteric mast cells, and, in female rats, led to an increase in urinary hista-

mine ; this histamine output was not found in male rats on an ordinary diet but

required a calcium-deficient regime. X-irradiation led to similar results, but was

less effective than 48/80. Disruption of mast cells by ovomucoid in the rat has

been shown by Benditt et al. (1 1 , 12) for the mast cells in the region of the feet

and snout. In isolated skin strips both ovomucoid and 48/80 could be shown to

release histamine, as well as disrupting of the cells. Mota et al. (156, 159) in-

jected 48/80 and stilbamidine intravenously and found that it always led to

disruption of mesenteric mast cells with a preference for the perivascular site.
If the histamine liberator was applied to portions of mesentery in vitro, this pen-

vascular preference did not occur.3

Riley (184) has shown that disruption can be produced with a number of

histamine liberators including propamidine, pentamidine, stilbamidine, diamino-

heptane, Witte peptone, and d-tubocurarine. His experiments with stilbamidine

are of particular interest, as they took advantage of its fluorescent property

described by Hawking and Smiles (106). It was possible to show that the liber-

ator was concentrated in mast cells, especially those of the peritoneum and to a

less degree in those of subcutaneous tissue. Histamine did not cause disruption

except to a slight degree where there was acute vasodilatation and tissue oedema.

As expected, heating and scalding of the skin produced disruption. Anaphyla-

toxin was also effective.

Junqueira and Wedelman (114) have also recorded the ability of compound

48/80, in vitro, to lead to the extrusion of granules by rat mast cells. They state

that “no disruption of the cells occurred, and the cell cytoplasm was apparently

maintained.” This extrusion of granules could be prevented if the temperature

was less than 25#{176}C.,if the pH was low, or by a number of metabolic inhibitors.

B. Larsson (Effects of Compound 48/80 on blood pressure and plasma histamine level

of normal dogs and dogs with mastocytoma. Acta physiol. scand. 39: 12-21, 1957) has shown

that dogs with mastocytoma are more vulnerable than normal animals to compound 48/80,

indicating that tumour mast cells react like normal ones.
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