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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
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by injecting retrograde into the inferior mesenteric artery so as to restrict the

field of initial action of the drug to the skin and muscle of the hindquarters

(135). From such results it was inferred that the histamine liberators acted

principally on skin and muscle in the cat, rather than on the viscera, lungs, or

heart, a suggestion which was established later by experiments on perfused

organs.

C. B1�od pressure responses in other animals. The delayed depressor response

is generally seen only in the cat under chloralose. In the dog, a fall in blood

pressure of shorter latency is usually obtained. Such a difference would be

explained if, in the cat, the histamine release took place at a point in the tissues

well down the chain of peripheral vascular resistances, but, in the dog, at a

less distal point so that the vasodilatation in the region of release could reveal

itself. This hypothesis is supported by the fact that, in the dog, the infusion of

adrenaline (so as to increase the peripheral resistance at the arteriolar level)

will convert the latency of action of a histamine liberator from 7 to 10 sec to

20 to 25 (135). In other animals, such as rabbit and rat, the effects on blood

pressure are variable and not very informative. Occasionally pressor responses,

not unlike those produced by histamine, can be elicited. But the sensitivity of

these animals to histamine is in any case rather low.

d. Other responses in the whole animal: oedema, itching, gastric secretion, bron-

chospasm. The injection of a histamine liberator into an unanaesthetised dog

produces a dramatic picture (119, 175). In a few minutes there is evidence of

intense itching, apparently all over the body; the skin, particularly of the

muzzle, around the eyes and the ears, but also in other regions, becomes red

and oedematous. If a gastric cannula is present, a profuse secretion of acid gas-

tric juice occurs. In the rat, a corresponding picture of oedema and erythema,

particularly of snout and paws, is seen, similar to that produced by dextran

or ovomucoid (56, 82, 202). In the cat, a large dose of compound 48/80 (213)

produces signs of itching, salivation, tears, and a state of prostration with

tachypnoea, vomiting, micturition, and defaecation. Later, as the animal re-

covers, oedema, especially of nose and eyelids, appears (213). In anaesthetized

animals an increase in gastric secretion can be demonstrated (72, 135). In the

guinea-pig, bronchospasm has been recorded with histamine liberators injected

parenterally (56, 75, 135) but it is clear that it is less readily produced than

with histamine itself. Given by aerosol, histamine liberators will regularly

produce bronchospasm (56, 108) but this is not a very specific response, as it

can be produced by parasympathomimetics and by hydroxytryptamine also

(109).2

These records of incidence of oedema find a counterpart in experiments

using dyes to test the effect of histamine liberators on capillary permeability.

2 G. Asboe-Hansen and 0. Wigelius (Histamine and mast cells. Studies on living connec-

tive tissue in the hamster check pouch. Acta physiol. scand. 37: 350-358, 1956) describe the
response of the hamster to histamine release (shock, erythema, cyanosis, oedema of muzzle

and paws), and demonstrate mast cell degranulation in the connective tissue of the cheek

pouch.
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In guinea-pigs receiving 48/80, bluing becomes intense around the eyes, ears,

nose and mouth, nipples and perineal region. The contrast with the faintly

stained skin of trunk, ventral abdominal wall and skin of hind limbs is striking.

In the cat, bluing is chiefly of eyelids, around the jaw, ears, nipples, and pen-

neum. The rabbit resembles the guinea-pig, with staining chiefly of eyelids,

ears, muzzle and lips, nipples, and perineum. In mice, less regular results oc-

curred : in some, little difference from control animals was seen ; in others, a

generalized bluing occurred, deeper over head, shoulders, and limbs (75, 144).

Some other actions of histamine can also be recognized in the effects of hista-

mine liberators in the whole animal: (a) rise in the haematocrit (135) ; (b) in-

creased flow of lymph from the thoracic duct (142, 171) ; (c) increase of limb

volume (135) ; (d) in the dog, swelling of the liver and rise in portal pressure

(121 , 135, 142, 170). With large doses, haemorrhages in the penicardial, epi-

cardial, and endocardial surfaces of the heart, and in the mucosa of the upper

part of the intestine occur, recalling the similar, though much more intense,

lesions observed in anaphylaxis or after certain venoms (68).

A simple method of studying release, developed by Fawcett (66), is by intra-

peritoneal injection into the rat. A given dose of liberator, in a volume of 20

cm3 Tyrode solution is injected, and the fluid sampled 30 ruin later. Release of

histamine into the fluid is proportional to dose of liberator given, and disrup-

tion of mast cells can be tested.

e. Urinary excretion of histamine. The presence of free histamine in the body

can be demonstrated more easily by its appearance in the urine than by assays

of the histamine content of plasma (1). It is estimated, from experiments on
the infusion of histamine in man, that about 1 % of the dose infused can be

recovered in the urine: although this is a small recovery, the fact that it is some-

what concentrated by the kidney, and that assay on urine is sometimes easier

than on plasma, makes the study of the urinary output of histamine after hista-

mine liberators a valuable tool. Two improvements in technique may help to

produce more regular results, at least in rats. It is known that a large part, if

not the bulk, of the normal urinary histamine in the rat depends on histamine

formation and absorption from the intestine, so that it is liable to substantial

variation with intestinal state. But intestinally active antibiotics can reduce

the bacterial content considerably, including those organisms forming the

histamine (203, 231), thus lowering the urinary histamine output to a much

lower, and perhaps more constant level. Secondly, the output of histamine in

the urine can be greatly increased by treating the animal with inhibitors of

histaminase, thereby preventing destruction of free histamine in the body (202a,

204, 205). Thus the use of rats receiving oxytetracycline and aminoguanidine

may allow a better estimate of histamine output to be obtained.

f. Intradermal injections. A very useful method, applicable both in man and

in animals, is to study the results of intradermal injection of the drug. In man,

the characteristic triple response described by Lewis (128) can be seen in all

its stages. Indeed, he described such a response for morphine and atropine. The

production of a triple response in itself indicates either the presence of a hista-
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mine-like activity or histamine-releasing activity. The two can be differentiated

by making a similar injection some hours later after the effects of the first have

died down (135). Under such conditions histamine will again produce a triple
response, whereas a histamine liberator produces no response or a reduced re-

sponse, since the histamine available for release has been diminished or re-

moved. In animals intradermal injection will increase the permeability of the

capillaries to dyes (75, 144). Thus bluing of the area of an intradermal injec-

tion can be obtained in the skin of a rabbit or of a guinea-pig. In the rat, such

bluing is not easy to see from the exterior, but if the animal is killed and the

skin examined from the inside the same phenomenon can be very elegantly

demonstrated (100). The production of bluing is not an entirely specific re-

sponse, since there are a number of substances such as leukotaxin and other

inflammatory polypeptides, which can cause it and which might be in some

way mobilized by the drug. The triple response in human skin, however, is a

characteristic phenomenon which has not so far been described as produced by

any other compounds than histamine or histamine-releasing drugs, except that

in occasional subjects acetylcholine and related substances may elicit it. But

no difficulty arises in determining whether a particular drug or a particular

individual are producing this particular syndrome.

g. The demonstration of histamine loss from a tissue. It has now been shown

that, for every histamine liberator in which the point has been tested, reduc-

tion of the histamine content can be achieved in skin, and to a less extent in

other organs (2, 77, 82, 135, 158, 187, 188, 191 , 213). This offers an additional

means of demonstrating histamine release by the relatively simple method of

comparing the histamine contents of, e.g., the skin of rats treated and un-

treated by a drug. There is, however, one complication that might 1e�d to error.

The intradermal injection of some liberators, or local skin damage, in some

species, may give rise to a temporary increase in histamine content. This may

be partly attributed to the trapping of leucocytes or platelets at the site of the

reaction (52-54). Systemic administration of the drug should avoid this.

The work on histamine release has greatly expanded our knowledge of the

histamine content of various tissues. Differences in content contribute signifi-

cantly to differences in the effects of liberators in various species. The following

references include most of the results so far recorded: 70, 75, 82, 96, 104, 110,

120, 140, 147, 172, 186, 191, 193, 197, 201, 213, 220.

2. Methods using perfused organs. Convincing quantitative evidence for the

release of histamine by a drug can be obtained by the use of perfused cat, dcg,

or rat tissues. With histamine liberators, release takes place most readily from

perfused skin preparations, and somewhat less easily from perfused muscle

(77). The perfused skin preparation is a very satisfactory test object, since it

combines the following advantages: 1) sensitivity to histamine liberators, in a

manner correlating well with their activity in a whole animal, or in producing

bluing or “triple response” when they are given intradermally; 2) a good output

of histamine (rendering assay easy); 3) a low spontaneous histamine output

and remarkable robustness, so that the injection of acid solution, or suspension
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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-




