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GJmERAL INTRODUCTION. 

Up to the end of the last century • the only mode of fUnctional 

co-ordination in the organism which was understood was that of reflex 

1. 

nervous mechanism. With the disccn-ery however of' specific hormones, the 

concept that there might be a humoral co-ordinating mechanism began to be 

entertained. It was Starling who originally introduced the term hormone and 

defined it as "any substance normally produced in the cells of some part ot 

the body, and carried by the blood-stream to different parts, which it affects 

for the good of the organ! an as a whole". (Starling 1914). In the years 

following, a certain amount of contusion arose in that the te:rm ho:rmone was 

used to cover a host of' phar.macoclynamically active substances, many of which 

were quite hypothetical in nature, and obtained tram diverse organs by various 

modes of extraction. Thus Le Heux (1920) speaks ot 'Hormon der Darmbewegungt 

and Freund (1921) of 'Zellzerfallshormonen' etc. A. clear differentiation 

between these hormone-like substances and specific hormones was made by 

Trendelenburg (1929) and Dale (1929). It is now generally accepted that the 

~ecif'io hormones are produced in especially developed glandular organs, the 

glands of' internal secretion, and are transported by the blood stream to 

distant organs where they exert their effect. In contra-distinction to these, 

there are substances not only' produced in any one organ but which are formed 

in many tissues as well as tissue juices, which do not require any specific 

type or cell. The neme o'f tGewebsstoffe' or •Gewebshormone' has been given 



to these substances by Feldberg and Schili {1930). They are also referred 

to as 'k~rpereigene Wirkstoffe' by Rigler {1934). These 1 tissue-ho~ones' 

are found under physiological conditions in the body, and they are supposed 

to act at the site of production or liberation, thus differing markedly 

from the specific or hormones of internal secretion. It will be seen later 

that under pathological conditions such tissue hormones may behave in the 

swne manner as specific hormones, in that they may be carried by the blood 

to act on dist~~t organs. Products of metabolism ~tch as carbon dioxide 

or lactic acid which may also have a co-ordinating effect on organs distant 

from the site of production are not considered to come under the category 

of tissue hormones, according to Dale {1929). Of all the tissue hormones 

only three are of known chemical constitution. These are histamine, acetyl

choline and ade~ylic acid and its derivatives. Both acetyl-choline and 

histamine were prepared ~thetically long before their physiological sig

nificance was appreciated. ~er (1867) prepared acetyl-choline, and only 

in 1906 did Hunt and Taveau show its pharmacological activity. The great 

discovery by Loewi (1922) that it was liberated by nervous activity and was 

a chemical transmitter formed the starting point for much of the subsequent 

work. 

Histamine was s.ynthetically prepared in 1907 by Windaus and Vogt 

and was isolated from ergot in 1910 by Barger and Dale. It was following 

this that an intensive study of its actions was commenced. In 1929, a group 

of adenylic acid derivatives was described by Drury and Sz.ent~y~rgi, which 

could be isolated from animal tissue, muscle in particular. Along with 

these definitely known substances, there exist other tissue hormones of 

unknown chemical constitution, and of these only two will be mentioned, 

namely kallikrein (Kr~1t, Frey and Werle 1930) and the substance 'P' of 



z. 

Jhl.er and Gaddum (1931). Histamine and acetyl-choline are the most important 

and are highly' active pha:rmaeodynamicall.y. 

All of these have cOl!ID.On characteri sties, nemely tbat they have a 

vaso-dilator action and are found in various tissues. For this reason, they 

have been described together in the monograph by Gaddum. and Dale (1936). 

Since llJ8.DY' of the actions of this group of substances are very similar 1 t is 

selt evident that considerable care and discrimination must be exercised 

before one can ascribe any particular action as being due specifically to 

one or them. 

With the increasing interest in histamine, some excellent monographs 

dealing w1 th various phases of its properties have been written. (Feldberg 

and Schilf 1930; Best and MaHenry 1931 :t GElddum and Dale (1936) • 

This thesis is concerned mainly with the metabolism of histamine, and 

in particular with certain aspects of the mechanism of its detoxification 

in the animal organism. There now follows a general review of the subject, 

the detailed headings of which will be found in the index. 



HISTORICAL SUWARY • 

~story of the Investigations Leading to the Discovery of 
the Presence of Histamine in .An:IJD81 Tissues." 

The presence of depressor substances in watery and alcoholic 

extracts of tissues was noted as early as 1895 by' Oliver and Schater and 

by Vincent and Sheen (1903) etc. The nature ot these substances was 

unknown, and the existence of a hypothetical substance was postulated by 

Popielaki {1909) which he called 'Tasodilatin'. '!'he synthesis of histamine 

by Windaus and Vogt {1907) and its isolation from ergot by Barger and 

Dale (1910) was f'ollowed by phamaeological studies by Dale and Laidlaw (1910) 

and the opinion that the actions of these depressor substances might be due 

to histamine at least in part began to be expressed. 

With the growing mass of' evidence in favour of histamine being the 

aetive principle in tissue extracts, there was still the objection that these 

experiments were based on biological as~ of' crude extracts, and the 

existenee 1n them of' histamine as such was not yet proven. Even though 

Barger and Dale (1911) had isolated histamine from intestinal nmeosa in 

smal 1 amounts, it was argued that this might be due to contamination by' 

intestinal contents. 

While this controversy was still going on new and interesting 

theories were being evoked about the actions of histamine in vivo, and their 

similarity to the conditions of' anaphylactic shock (Dale 1913, Coea 1914, 

Abe1 and Kubota 1919). Also the work on traumatic Shock was considered to 



indicate that histamine or histamine-like snbstances were liberated in this 

condition from the traumatized tissue and caused the resultant shock-like 

s,y.mptoms (Cannon and Bayliss 1919; Dale 1919). 

In 1919 Abel and Kubota isolated histamine trom dried pituitary 

pow19r and made the claim that histamine was the active substance responsible 

for the uterus stimulating property of this extract. However using a 

dif':rerent method, Hanke and Koesaler (1920) were unable to detect histamine 

in treab. pituitary glands. After much controversy, it was finally agreed 

that although histamine may be present in small amounts in the pituitary, 

it is not the specific factor concerned in the effect on the uterus. 

Finally, the controversy as to whether histmnine is present as 

such in animalli tissues was settled by the isolation of the picrate salt 

f'rom ox liver and lung by Best, Dale, Dudley and Thorpe (1927). Later, 

Dale and Dudley (1929) isolated it as the picrate from ox and horse spleen 

and 'l'h.orpe (1930) rrom ox muscleo 

"The Chemical and Physical Properties of Histamine." 

Histamine or beta-iminazolylethylamine was given its name because 

of the fact that the pharmacodynamically active amine could be formed by 

the decarboxylation of the amino acid histidine (Windaus and Vogt 1907). 

It is basic 'b.v Tirtue of the Nlla. and as such combines with acids to 

tor.m stable salts. 



Histamine has the ~ollowing f'or.mul.a~: 

HC--NE 

'' '-CH e--N/ 
I 

1H2 
CH2NH2 

The molecular weight of the base is lll. It crystallises in colourless 

crystals and has a melting point ot SZ-84°0. It is very soluble in water 

and alcohol, hot oh1oroform, but is insoluble in ether • The two most C()111Donly 

used salts are the dihydrochloride with a molecular weight of 183 (6~ 

histamine) and the diphosphate, molecular weight 307 (~ histamine). The 

salts di:rter from the base in that they are not soluble in hot chloroform. 

Both the picrate and dipicrate salts or histamine have been utilized in the 

extraction of histamine tram tissues since they are not soluble in cold water. 

Pure solutions of histamine, or histamine in tissue extracts are 

stable in concentrated acid solution and :may be boiled for as long as one to 

two hours without any destruction of the amine. However, whereas pure solu-

tiona of histamine may be boiled in alkaline solution without losing their 

activity, tissue extracts soon become inactive following this procedureo 

SOlutions ot histamine are stable for long periods of time providing 

they are kept in sterile containers in the ice-box or e'fen at room temperature. 

Once contamination has occurred, potency is rapidly lost. 

It a solution or histamine is made in Ringer or normal saline, the 

pH of the solution will be lowered. This must be taken into account in 

phar.maeological studies. 

Although histamine :may be formed from histidine by boiling the latter 

with lQ'drochlorie acid, this does not occur du.ring the comparatively short 

period of acid lQ"drol.ysis used in present methods ( Gavin, McHenry and Wilson, 1g33) 



'1. 

"The Natural Occurrence of Histamine in Plants and Animals." 

Histamine is widely distributed in both plant and an:Jmal tissues, 

but the number ot cases in which actual chemical isolation has been done is 

relatiTely smal J • Most o-r the work has been accomplished by biological 

methods of assay. A lengthy table of the plant and animal sources of' 

histamine will be found in the monograph by Best and McB:enry (1931). 

(1) Plant Sources: Yoshimura (1909) was the first to isolate histamine 

from a plant souree. He used soy ])efms which had undergone putrefaction. 

Barger and Dale (1910) made the classical isolation of histamine from ergot 

and this work was confirmed by Kutscher in the same year. 

In recent work Holtz ancl J"anisch (1937) have shown that Tarious vegetables• 

1. e. spinach, tomatoes and sauerkraut contain small amounts of histamine. 

(2) Animal Sources: As previously stated, substances of' a depressor nature 

had been reported in animal tissues by many of the early workers ( Osborne 

ani Vincent 1900) (Vincent and Sheen 1903). But it was not until the con

vincing work of Best, Dale, Dudley and Thorpe (1927) that the presence in 

tissues of' histamine as ~eh was establiShed • FUrther work on the histamine 

content of various organs has established that this substance :may be present 

in most tissues of' the mennna1ian organism and that the amounts present vary 

considerably not oDl.y in different species, but also in the same organs ot 

iitf'erent individuals o:r the same species. In particular is this true of' the 

histamine content of the lung (Fe1dberg.and Kellaway l9Z7b). 



a. 

Great difficulty was experienced by earlier workers with the 

problem of the detection of histamine in the blood. Hanke and Koessler (1924) 

and JracGregor and Peat (1933) were unable to demonstrate it chemically or 

phar.macologically. Harris (1927), using a crude method of extraction whieh 

failed to account f'or other vaso-dilator substances stated that the blood 

contained 0.5 mg histamine per 1 kg. 

The presence o-r histamine in the blood was established by the work 

of Barsoum and Gaddum. (19358.), using biological methods, and a method or 

extraction which excludes other vaso-dilator substances. In the same year 

Tarras..Wablberg (1935a) demonstrated biologically the presence of histamine 

in the plasma or the blood of the rabbit. The work of Barsoum and Gaddum has 

been confirmed by other workers. (Unge.r, Parrot and Poeoule 193'1; Riesser 

1937) • Code {l937b) also confirmed their work and suggested an improv-ed 

method. 

In their orig1Dal work on blood Barsoum and Ga.ddum {l935b) stated 

that the histamine-like activity ot the red blood cells was six times greater 

than that of the plasma. Anrep and Barsoum (1935b) found a ratio of 10:1 

:tor rabbits blood, and 1:1 tor dogs blood tor the corpuscle plasma distribution. 

Barsoum and Smirk (1936) also indicated that the histamine content of the cells 

was higher than that of the plasma. By means or di:tterential centrifUgation, 

Code (1937o) was able to separate blood into three layers, the plasma above, 

the packed red blood cells below, and the middle •white cell layer•. In 

oentrifaged unclotted blood the source of 70-90% of the histamine-like activity 

was :round to be in the white cell layer to which under noxmal oondi tions 1 t 

is apparently' fixed. It the blood is allowed to clot, it is liberated into 

the serum quanti tativel.y and ia therefore a part of that group of substances 



which are freed from the cellular constituents of blood on clot formation 

(the 'FrUhgi:rt' ot Freund, 1920). 

In earlier cperiments, Freund (1920) showed that different types 

or substances were released from ~):ood it it were allowed to clot. He divided 

these substances into two main groups, (1) 'FrUhgif't'; substances released 

immediatelY dependtng as he thought upon des~otion of the blood platelets, 

and the main action or which is vaso-dilator. (2) 'Spftgiftt - substances 

which gradually appear within the course of a raw minutes and have a vaso

constrictor action. 

The clotting of the blood does not form this histamine-like substance 

since it does not alter the total blood histamine. Similarly the precipi

tation or the proteins ot whole blood by the action of trichloraoetic acid 

liberates all the histamine present in the blood but does not cause the 

'formation ot any new histamineo In fUrther studies Code (l93?c) was able 

to demonstrate that this activity ~s limited to the granular series of 

cells, in particular the eosinophiles, and not to the blood platelets as 

was previously supposed. Using electrodialysis however Minard {193'1a) 

found that most ot the histamine activity of rabbits blood was to be found 

in the platelets. 

The non-granular series of cells {lymphocytes) do not contain any 

histamine (Code l937d)o Finally Code and Ing (1937) isolated histamine 

chemically from the white blood cell lay' er of rabbit blood. 

The following table is 'from Gaddum and Dale (1936) • 



ORGAN 

Blood 
Skeletal muscle 
Snooth muscle 
Bladder 

Heart 

Umg 

Liver 

Pancreas 

Spleen 

Kidney 

Testicle 
Ovary 
Parotid g·land 

TABLE I. 

Histamine Concentration in Various Tissues 
in Milligrams per Kilogram. 

Horse Dog 

0.04 - o.o5 

- 1.4; 1,1 4 7 

7.5 35 

7.8 - -
(9.4; 18 4 
(9.6; 8.1 

35 44; 75 16.5 

2.5; 6.6 5.4; 5 33 

1.6; 3 

7.5 

2.6; 3.3 4 
1.8 .. 9 

5.3; 6.7 
Submaxillary gland 0.6; 0.5 

Thyroid 0.5 

Skin (Epidermis 24 
{De:rmis 4 

10. 

cat Rabbit 

o.o1 10 

- -

-

--... 



u. 

•The Mechanism of the Formation of Histamine.• 

A. Chemical: 

Histamine was synthesized from histidine before it had been isolated 

from either animal or plant sources in 1907 by' Windaus and Vegt. The procedure 

was a oamplicated decarboXYlation or histidine,. 



Further work on the chemical s,y.nthesis of histamine was done by 

Erins and Pyman (1911) and Pyman (19111 ~he first paper dealt with the acid 

hydrolysis of histidine in which a 20}b l"ield atter heating at a temperature 

ot 270°C for 24 hours was obtained. This is of significance in that present 

methods tor the extraction of histamine from tissues are based on the fact 

that histamine is stable at a low pH when boiled, but since most methods 

require a short period or hydrolysis, one to one and a halt hours, the yield 

from histidine if any must be very small (Ge.vin, McHenry and Wilson 1933). 

Pyman (1911) described the s.rnthesis tram diamine acetone with a yield of 

2~ of the theoretical. By improving Pyman' s method, Koessler and Hanke 

(1918) were able to obtain a yield of 50 to 5&% of the theoretical. 

The action of ultraviolet light on a solution of histidine was 

first investigated by Ellinger (1928) who reported a formation of histamine 

following this procedure. Holtz (1934) fUrther noted that the yield was 

greater when the action was allowed to take place in alkaline medium than 

when in acid medium. He was able to isolate histamine as the gold and 

platinum salt. The yield howeYer was never greater than 1%. It may be that 
• 

the action of the ultraviolet rays could account in part tor this low yield 

in that Holtz also noted that histamine could be destroyed by them. 

In some interesting experiments, Holtz (1937c) showed that the 

presence of a catalyst alone would allow of the production or histamine from 

histidine by means of alternate pertusion of the solution w1. th oxygen and 

hydrogen. If 20 mg of palladium is added to a solution of histidine and 

oxygen and hydrogen are alternately bubbled through in a ratio of 30" 

for oxygen and 90" for hydrogen,histamine rill be produced within 30 minutes. 

If the time relationships are reversed, no histamine is produced. 



B. The Action of Ascorbic Acid, SU1;phohydrogen Compounds and 
Ani me] Tissues-on Histidine: 

13. 

Since histidine is found in the tissues, it is preswmed to be 

one of the main sources of histamine. That the animal organiSm. is able to 

produce histamine t.rom histidine was demonstrated b,y Bloch and Pin~sch (1936}. 

On the assumption that the transition of the amino. acid to the amine occurs 

by' the action of histidase, which is found mostly in the liver, these workers 

injected histidine into ~ guinea ;pigs, and after five hours est~ted the 

histamine content of the lungs. According to their findings, the control 

figures gave values of 15-25 Y/f!!JJl ot tissue. Following the injection of 

histidine, the histamine content was doubled, i. e. 30-45 7/(!Jll. 

In a recent series of articles Holtz (1937a) has described the 

production of histamine from histidine by the action of ascorbic acid, and 

compounds containing the S H radicle and certain animal tissues. 'I'he assays 

of the histamine or histamine-like substance were carried out on the 

anaesthetized atropinized cat. In an effort to explain the possible mechanism 

of the production of histamine in the organism, Holtz (1937b) has presented 

the following theories. 

(l) The production of' amines from aldehydes by synthesis. 

Aldehyde Aldehydeammonia Amine 
This scheme is analagous to the synthesis of amino acids from ketone 

acids and ammonia as shown by Knoop (1910). 



( 2) • Whereas aldehydes form the basis for the synthesis of am.ines 

according to the above scheme, it is by decarboxylation of amino acids that 

amines are more probably formed in the body. According to Holtz the most 

probable manner of amine formation is by an oxidative deamination process. 

In the intermediate step an imino acid is formed. 

The course of events is represented as follows: 

R.C.COOH 
0 / 

--)11• R.CH 
11 

0 

R.C.COOH 
u 
NH -C02 

Amino Acid Imino Acid Imin Amine 

During the abaTe reaction part of the imino acid is changed to a ketone 

acid and eventually to an aldehyde, and part is easily decarbo:rylated to 

the imine. It at this point a reduction system is present, the imine is 

easily converted to the amine. ihe change from imino acid to the amine by 

decarboxylation can occur as easily as the change from imino acid to amino 

acid, which occurs in the synthesis of amino acids. It is this change, 

according to Holtz which determines whether s,ynthesis or break down shall 

occur. He believes that a reduction oxidation (redoxpotential) system 

intervenes at suCh a point. 



15. 

Ot the substances essential to cells and tissueswhich are capable 

of producing such a redox potential system, a variety o"t reversibly' oxidisable 

salphur containing compounds such as cystein, gluathione, a few vitamins 

as ascorbic acid and flavine and also sugar belong. SUch systems are 

greatly influenced b1 the presence of oxygen. Of particular interest is 

the work of VlJgtlin, Maver and johnson (1933) who showed that the action of 

protein ferments is dependent upon the amount of oxygen and reducing sub

stances present, in that under anaerobic conditions or in the presence of 

reducing substances proteolytic breakdown predominates, whereas in the 

presence of oxygen or oxidative forms of the redoxpotential s.ystem, the 

protein s.y.nthesis action is more promdnento On this basis then, Holtz (1937a) 

investigated the action of these various substances, cystetn etc. on histidineo 

It was first shown by Holtz and Heise (1937a) that histamine could 

be produced tram histidine b.1 the action of ascorbic acid or of the solpby

dro compounds. Watery solutions of histidine in 1~ concentration to which 

either ascorbic acid or cystein was added in a percentage or 0.25.0.5 were 

first neutralized and then saturated with oxygen. They were then incubated 

at 4()0C tor 5-24 hours. Histamine was liberated in small amounts. 200 mg 

ot histidine HOl and 25 mg of eystein yielding 20 y of histamine in 24 hours 

The reaction between ascorbic acid and histidine is optically specific in 

that 1-e.scorbic acid produces more histamine trom d-histidine than from 

1-histidine. 

It was noted that anmonia was liberated during the reaction, and 

1 t seems probable to these workers that two reactions must take place. 

1. decarboxylation; and 2. deamination. 

'!'he first is explained by the following reactions. (1) The dehy

dration or the amino acid to the imino acid and (2) the reduction of the 



imine, f'ormed by decarboxylation of the imino acid to the amine. The first 

step is brought about by the formation of peroxides from the s. H. body 

(Holtz and Triem 1937) by auto-oxidation. The reduction of the imine to 

the amine is probably' performed by the remaining redox-substance or cystein. 

'!he following is Holtz• s conception of the aboTe steps. 

I I 
~ 0 0 I ._ _______ j 

2 R.SH --+• 2 R. S~ hs.R 

(1) (2) 

R.C.COOH R.CH 
11 ll 
NH NH 

+ Ht.Oz. 

(4) (5) (6) 

+ R.CH.COOH 
I 
NH2 
(3) 

+2R.SH 

R.CH 
I 
NH2 

2 

(7) (8) 

The reduction form of the s. H. compound (1) produces a peroxide 

like intermediary product under the effect of 02 (2) which causes dehydration 

of the histidine (3) to imino acid; (4) the peroxide is thEf changed back 

into its original f'orm (5) and at the same time it is oxidised by the 

hydrogen peroxide to the disulphide form. There then occurs a spontaneous 

decarboxylation of the imino acid ( 4) to the imine ( 6) which by means of 

the cyatein radical (t) is hydrogenized to histamine (8). 



1'1. 

In further work Holtz and Heise {193'/b) showed that histamine could 

be produced tram histidine by the action of kidney and liver tissue. Glycerin 

and phosphate extracts of' rabbit, guinea pig and rat kidney and liver were 

incubated tor 8-24 hours with watery- solution of histidine at 3.,0c. Toluol 

was added. The extracts were then filtered and assayed for their histamine 

content. Since the reaction occurred w1 th ground up tissue, tissue solutions, 

or tissue extracts, and did not take place if the tissue was first heated 

to 900C they concluded that it mnat be due to a ferment. The reaction will 

act only in anaz:ygen free atmosphere, beat under nitrogen. They found that 

l-2 gma or kidney tissue will produce 200 7 of histamine in 12-24 hours 

and that kidney is 4-6 times more active than liver. It was 1\trther established 

that none of' the other tissues which they examined, namely' skeletal muscle, 

heart muscle, lung, spleen, pancreas and duodenum mani:teated this action. 

The effect of pH was studied and it was found that an acid medium 

inhibited the reaction whereas a neutral or slightly alkaline medium favoured 

it. 

Werle and Herrmann {1937) were able to show that incubation ot 

histidine with rabbit kidney produced a small amount of histamine. On the 

other hand Zipt and Gebauer (193'1) were unable to confirm the results of 

Werle and Herrmann (1937) and of Holtz. They claimed further that the 

results of Bloeh and Pin8sch (1936) were not of significance in that the 

normal histamine content of the guinea pig lung was as high as in those in 

which they claimed there was an increase. They also are of the opinion 

that histidine breakdown depends upon histidine decarboxylase, none of which 

is present in rabbit kidne,y. 



Influence of Oxygen: - The previous experiments of Holtz and Heise 

(l937a) (1937b) showed that the production of histamine from histidine was 

enhanced by an oxygen-free atmosphere, whereas the presence of oxygen 

inhibited the reaction. This is true in the ease of ascorbic acid, s. H. 

bodies, and tissue extracts. In later work Holtz and Heise (1937c) showed 

that ascorbic acid was capable of destroying histamine. Realizing that this 

raised the possibility of ascorbic acid first producing histamine from 

histidine and then destroying it thereby obscuring the true yield, they 

ascertained that a minimum amount of the vitamin was essential for the 

inactivation of the histamine, n~1ely ~0 n~. If however, 25 mg of ascorbic 

acid was added to the histamine (40 y in 10 cc) no destruction took place 

when it was saturated ~ith oxygen. Ttey then placed this smaller amount 

ascorbic acid with the same amount of histidine which had been 11sed in the 

previous experiments and obtained the same yield as had previously been 

observed. It should be emphasized that production of histamine fram histidine 

takes place only in an oxygen-free atmosphere under the influence of ascorbic 

acid, at 37°0, whereas inactivation of histamine by ascorbic acid requires 

oxygen on the other hand. 

Holtz and Heise (l937c) further found that the yield of histamine 

could be increased by augmenting the amount of histidine, keeping the amount 

of ascorbic acid or cystein constant. If now iron (FeCl3) was added, the 

production of hiBtamine from histidine was inhibited. They added 0.5 cc 

m/lOO of FeC13 to 10 cc of a 1-2% solution of histidine to which 25 mg of 

ascorbic acid had been added. Iron has the same effect on the liberation 

of histamine by tissues ferr1ents. 



c. Bacteria: 

In 1910 the direct decarboxylation of histidine by bacterial 

action was described by Acker.man, and in 1912 Me1lanby and Twort described 

the isolation of a bacillus from intestinal contents which had the power of 

converting histidine into histamine. It was said to belong to the colon

typhoid group. At this time, many workers more interested in the possible 

role of histamine in 'intestinal intoxication' and a great deal of work was 

done, as the power of converting histidine into histamine was attributed 

to many different types of bacilli. In t2is earlier work, Ackerman was able 

to obtain a 40j; yield of the theoretical amount. 

From 1919 to 1924, extensive work was done by Koessler and Hanke 

and in a later S~J of their work (Koessler, Han~e and Sheppard 1928) 

they discussed the res11l ts of the examination of 223 organisms. Of these 94 

belonged to the colon-typhoid group out of which 9 converted histidine to 

histamine. Five out of eight Salmonella morgani produced histamine. The 

remaining 129 micro-organisms, all of which ·lid not belong to the colon group 

were not capable of producing histamine. They stated further that they had 

never observed the production of histamine except in an acid medimn. The 

property of being able to decarboxylate amino acids is therefore not a common 

one. Among bacteria the organisms capable of doing this are all gram-negative. 

However a mixture of the organisms conmonly found in human feces will generally 

cause decarboxylation of amino acids, and the decarboxylation is thought 

to be due to the ~biotic action of the intestinal bacteria. 

Bruhl, Ungar and Levillain {1937) reported the production of 

histamine-like substances by bacterial action on a medium containing nothing 

but urea. These ~1bstances appeared in three to four days. 



"The Inactivation of Histamine.tt 

The foundation for the work on the inactivation or histamine was 

laid down by previous work on the inactivation or tyram1ne. It was suggested 

by Ewins and Laidlaw (1910) that the detoxification or this substance occurred 

in two steps represented as follows: 

(1). Replacement of the NH2 group by OH 

OH 

0 
CH2 
I 
CH2.EH2 

(1) 

(2). Oxidation of the alcohol to the acid. 

~~ 
\) 

CH I 2 
COOH 

(2) 

Dale and Laidl.aw (1911) attempted to inactivate histamine by 

perfnsion through the liver but were unable to demonstrate any inactivation. 

A suggestion that histamine will be destroyed in the organism was contained 

in the first observation on the rate or intravenous infusion or histamine 

by Oebme (1913) and Dale and Laidlaw (1911) who noted that rabbits could 

tolerate large amounts of histamine intravenously when it was injected slowly, 

whereas rapid injections caused fatal shock. It was moreover observed that 

the histamine disappeared rapidly from the blood, and that it was not secreted 

in the urine. 

East is ( 1915) placed minced liver from a buzzard. with hi stamina 

and incubated the mixture. He :round that 10 grams of liver pulp would 

inactivate 10 mgm or histamine. The inactivating agent was heat labile. 



Gu.ggenheim and Loef'fier (1916) confirmed the results of Oehme 

and of' Dale and Laidlaw ill that they infUsed large amounts of histamine 

slowly into rabbits without any deleterious ef'f'ects. 

21. 

The fate of' histamine in the bowel was studied by several authors, 

and it was observed that hista.mine could be absorbed from the intestinal 

lumen, but that a large 8lllount was inactivated or destroyed either in the 

lumen itself, or during passage through the intestinal wall. (Mellanb,y 1915: 

lfeak:ins and Harington 1922, Koessler and Hanke 1924). 

In 1929 the discovery that animal tissue contained an enzyme 

system which had the property of inactiTating histamine was made by Best. 

An extensive study of this substance by Best and McHenry (1930) revealed 

the following facts: The greatest activity is shown by the kidney in most 

species and by the nmcosa of the fi'D&ll and large intestine, less by' the 

lung, and relatively slight activity by lDilscle, spleen and bladder. No 

~eh action was found to be present in heart muscle, Skin or stomach. The 

name of 'histaminase' was given to this enzyme system. No excretion of 

histaminase in the urine was found. 

Best and MCHenr,y (1930) fUrther described a method of preparation 

of a dried powder tram ox kidney which could be kept in an active form in 

air-tight ampoules. ihe method of p1'9paration of this powder is as follows: 

Using beef' or dog kidney, 22 kg of fresh material are finely minced and the 

mdnced material is placed in a vessel containing 225 litres ot 95% acetone. 

After twelve hours, the acetone is removed by filtration. The residue is 

washed twice w1 th small amounts of aeetone and twice w1 th small amounts of 

ether and then dried in air. It is then made into a fine powder and stored 

in air-tight containers. 



To prepare an active extract o:f the substance, the powder is 

extracted with phosphate butter at pH 7.0, using 18 parts of' the buffer, 

for one hour with continuous agitation. This yields 5~ of the activity. 

22. 

A further 2~ may be obtained by a second extraction (McHenry and Gavin 1931). 

The combined solutions may be concentrated in vacuo at a temperature below 

500C. Saturation with anmonium sulphate precipitates the histaminase. This 

precipitate is centrifUged after redissolving 1n distilled water and all the 

salt remains 1n the supernatant layer, the precipitate containing the activity. 

This precipitate may then be ground up with chloroform and again centrifuged. 

The top lay-er is drained on hard paper and then air dried. It is redissolved 

in phosphate buffer and is then ready for use. 

The enzyme system has an optimal pH of o.S-8.0 and optimum temperature 

ot 37°C. The e~e is heat labile being inactivated above 60°C. Its action 

is uninfluenced by sodium, potassium or phosphate ions, but it is inhibited by 

calcium ions, and ccmpletely inactivated by potassiwn cyanide in a 0.0005 molar 

concentration. This and the faot that oxygen accelerates the reaction suggest 

that the histamine-histaminase reaction is oxidative in nature. - Best and 

MeHenry concluded that histaminase may cause rupture of the imidazole ring. 

These authors also performed perfusion experiments and noted that kidney was 

capable of inactivating large ~ounts of' histamine in comparison with liver or 

other organs. The relatively small amounts of histaminase in liver explain 

the failures of' the earlier workers (Dale and Laidlaw, Meak:ins and Harington eto.) 

ldeHenry and Gavin ( l932a) showed that a molecule of ammonia was 

liberated f'or each molecule o'f histamine destroyed. This suggests then that 

the aotion is one of deamination. It was noted that histaminase was unable 

to inactivate tyramine. 



23. 

Further studies on the distribution of histaminase by these 

authors establiShed that the histaminase content of kidney tissue varies 

with different species. The results are given in the following table. 

Animal 

Rat 

Guinea pig 

Rabbit 

Dog 

Cat 

Ox 

Hog 

Horse 

Sheep 

Monkey 

Human 

Chicken 

TABLE II 

Mg Histamine 
Inactivated by 1 mg Kidney 

0 

0 

1.6 

1.9 

2.0 

1.6 

3.6 

2.7 

3.2 

2.4 

0 - 1.6 

0 

Apparently there ia no correlation between these figures and the 

sensitivity ot various species to histamine, or of the content of this 

substance in the various organs of these species. A. co.tmnercial preparation 

o-r histaminase has been prepared by the W~throp Chellical Company and is 



sold under the trade name of 'Torantil'. It is a dried powder made from 

intestinal mucosa. 

Zeller (1937) carried out investigations on the nature of 

histaminase. He confirmed the observations that the enzymatic histamine 

splitting reaction is orldative in nature in that an eQ.uivalent of nitrogen 

is liberated 1n the form of 81ID110n1a. The nature of the breakdown product 

was established as dinitrophenylhydrazone. During the process, four 

molecules of cnygen were taken up per molecule of histamine, the first of 

which liberates a molecule of anmonia. Hydrogen perbzide is formed from 

the water, as shown by its ability to convert haemoglobin into methemo-

globin. The first step 1 s represented by the following: 

N-C. CH2 ~2 • :NH2 

11 11 

MC CH +H.-0 +Or. 
'-N/ G ~ 

H 

In further work Zeller (1938a) confirmed the previous obsenations 

that histaminase would not inactivate the mono amines such as tyramine, or 

tmidazoles or their compounds with aldehyde, lactic acid or propionic acid, 

nor histidine or tr.yptamin. It was not possible to demonstrate a release of 

ammonia from the action of histaminase on other amines such as adrenalin, 

8DJ1'lamin and ephedrino 

Re found however (l938b) that oxidative deamination or the diamines, 

namely ethylenediamin, putressin, cadaverin and agmatin could occur and 

therefore proposed that histaminase Should be called diamin-oxydase, since 



25. 

the method of breakdown is the same for all. or these substances including 

histamine. 

Various pertusion experiments have been carried out in which the 

rate of destruction of histamine by an organ has been determined. The 

earlier workers determined that histamine was rapidly inactivated by the 

blood in the intact animal and that slowly injected histamine would be well 

tolerated. (Dale and Laidlaw 1910; Oehme 1913; GQggenheim ancl Loerf'ler 

1916). 

Perf'u.sion of isolated organs of' the dog has shown that kidney, 

lung, liver or extremities are capable or inactivating histamine. The heart 

was not capable of destroy-ing the amine (Best and McHenry 1930; MacGregor 

and Peat 1933). A.:rter per:f'usion f'or 1- to 5I- hours the bulk of the histamine 

has diaappeared f'rom. the perfu.sion f'luid and cannot be recovered from the 

tissues. 

Since histaminase is abundant in the kidney of most species, it 

is not surprising that this organ Should be the one most capable or 

destroying histamine when perfUsed with solutions containing it. MacGregor 

and Peat (1933.) have shown that when a heart-lung preparation from the dog 

was used, a small but definite amount of histamine was destroyed after one 

and a halt hourso If the kidney is included in the circuit the bulk of' 

the added histamine is destroyed within the first five mdnutes. In one 

experiment, 10 mg of histamine was added to the pertusi~ fluid. It had 

disappeared entirely within 90 minutes. When the lung and kidney were now 

examined, the kidney showed no change in its histamine content. whereas the 

lung showed a slight increase. A small amount was excreted in the urine 

(0.3 - 1.'1 mg). 



26. 

Essex, Steggerda and Mann (1935) obtained similar results. In 

their experiments however the kidney was able to remove 25 mgms of histamine 

from the pertusing fluid w1 thin 15 minutes. With the heart lung preparation 

alone, no such effect was obsewed. Binet and Marquis (1935) however tound 

that there was a diminution in the blood histamine ot the dog after pertusion 

through the lungs tor three hours. They used an indirect method of histamine 

detem.in.ation as described by Loeper, Lesure and Thomas (1934) in which 

imidazol compounds are measured. Sibul (1935) reported that eat's lung 

removes or destroys 0.3 mg ot histamine in ninety minutes. 

Dragstedt and Mead (1935) injected histamine intravenously into 

dogs and assayed the blood and lymph at intervals for their histamine content. 

llhen a dose ot 0.5 mg/kg was injected giving an initial concentration in the 

blood ot 1:100 000 histamine was detectable in the blood at two minutes but 

not at five. If the dose was increased to 3.0-4.0 mg/tg traces of histamine 

were found to be present 30 to 40 minutes after the injection. 

Yen and Chang (1933) investigated the anti-histamine activity of 

defibrinated blood tram various species. They defibrinated treShly drawn blood 

and added varying amounts to 1 mg of' histamine. This was then incubated at 

370C for 24 hours under toluol. Rabbit blood showed the greatest activity, 

5 cc were capable of' completely inactivating this amount of' histamine whereas 

10 cc of' dogs blood was required. Guinea pig blood showed no action at 30 cc 

and human blood was inaetive even in amounts up to lOO cc. 

Recently Jlarcou, (1938) using the method of Barsoum and Ge.ddum (1935a) 

tor the estimation of histamine has found results which are directly opposed 

to these. He used whole blood, to which an anti-coagulant had been added 

(Bayer 205) and incubated in with 30 y ot histamine tor 30 minutes. It was 



found that the blood of pregnant woman during parturition was able to destro,y 

histamine in vitro. This property was found to be present in normal indivi

duals although to a much smaller degree. No histaminase was found to be 

present in the blood of eats and rabbits, whereas guinea pigs, dogs and human 

blood displayed it in varying degrees, dog blood having the highest content. 

The action of formaldehyde was first investigated by Kendall (1927). 

He observed that the addition of a small amount of formaldehyde to a bath 

containing guinea pig uterus inhibited the action of histamine and suggested 

that this was due to the formation of a condensation product of histamine and 

formaldehyde. Best and MCHenry (1931) investigated this problan further and 

found that the formaldehyde had a two-told action. First 50% of the histamine 

was inactivated immediately. The balance of the histamine was inactivated it 

kept at room temperature for three weeks. ihis secondary loss could be speeded 

up if the solution were k~t at 37DC. 

Geran (1938) has recently made the interesting obsen-ation tbat 

solutions of histamine become inactive if they are treated tor two minutes with 

earbondioxide. He used oxygen and C02 in a ratio of 20-BOo The activity of the 

histamine was tested upon the guinea pig ileum preparation suspended in T,yrode 

solution. He noted that changing the pH of the Tyrode solution itself made the 

gut insensitive to stimulants in general, in that it would not respond to 

ace~~holine, BaCJ.a or histamine. If however the Tyrode is perf'ased with 

co2, the preparation will react to acetyl-choline and barium chloride, but not 

to histamine and therefore he believes that it is a specific test for histamine. 

He turther observed that histamine solutions inactivated b.Y perfUsion 

with carbon dioxide regained their ~ormer potency within thirty minutes if 

allowed to stand in room atmosphere, or within ten minutes if pertu.sed with 

o:xygen. He believes the mechanism to be due to a reTersible carbamino bindi.Dg. 



8 Th.e Pharmacological .Actions of Histamine." 

The pharmacological actions of histamine have been thoroughly 

worked out by numerous workers, and excellent review of this aspect of 
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the amine are found in the monographs by Feldberg and Schilf (1930); Best 

and MeHenry (1931) and in a more abbreviated form in the monograph by Gaddum 

and Dale (1936). 

A. General Circulation: 

Histamine may act in Val~ous ways upon the peripheral blood 

vessels. Under certain conditions it causes a vaso-dilatation, and the 

resulting drop in the blood pressure is one of its most characteristic 

effects. Under other conditions it produces a vaso-constriction. 

The charaoteristic and striking drop in blood pressure fpllowing 

upon the intravenous injection of histamine was explained by Dale and 

Laidlaw (1910) as being dependent upon peripheral vaso-dilatation in the cat• 

This drop in blood pressure is a constant finding in the cat, dog, man, 

wood-chuck (Essex 1936) and rat. In the rabbit however the type of anaesthetic 

is ~portant in that a rise of blood pressure is produced when ether anaesthesia 

has been used. When other anaesthetics are employed, a drop of blood pressure 

is observed even in this species. This is important in connection with the 

identification of histamine, and one should always specify the type of anaesthetic 

used particularly,in the rabbit. 

On isolated strips of arteries and veins, and on the blood vessels 

of isolated perfUsed limbs, histamine exercises a constricting action (Dale 

and Laidlaw 1910) (Dale and Richards 1918) • 



The vaso-constrictor effect of histamine on the arterioles opposes 

the vaso-dilator effect on the capillaries, and the ultimate change in the 

blood pressure depends upon which action predominates. Generally the vaso

dilator effect is the most marked. 

Acetyl-choline on the other hand acts mainly by producing vaso

dilatation of the arterioles. 

The mechanism of the action of histamine was established by 

studying the effects of denenation, and of the production of ischemia in 

the limb of the cat, by plethysmographic methods. If the nerves are left 

intact, histamine may produce an increase or a decrease in the volume of the 

extremity, depending upon which of the two above effects predominate. If the 

limb is completely daervated, both the arterioles and capillaries become 

dilated; the paw of the artremity is wa.xm and red. In a few moments however 

the capillaries regain their tone, and the paw beeom.es blanched, but remains 

war.m due to the dilated arterioles. !he action of' histamine may now be 

registered plethysmographically, in that an increase in volume occurs 

following its 1nj action, due to the capillary dilatation. Acetyl-choline, 

since it acts by dilating the arterioles, has little effect. 

It twenty-four hours is allowed to elapse, the arterioles regain 

their tone and are constricted, and the vaso-dilator action of both histamine 

and acetyl-choline is greater. 

By the intermittent interruption of the circulation to the pertused 

cat extremity, varying degrees ot ischenrlaare produced, with subsequent 

dilatation ot both arteriole& and capillarieso The arterioles regain their 

tone taster than do the capillaries. If one now injects acetyl-choline, 

marked vaso-dilatation occurs, whereas histamine has but little effect. 
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The vaso-dilator property of histamine can be demonstrated on the 

isolated cat extremity by pertu.sion experiments provided the tone of the 

capillaries is maintained by proper O:Q"genation. {Dale and Richards 192'1). 

It was shown that as long as capillary tone was maintained hi stamina had a 

vaso-dilator reaction. When however the tone was lowered, vaso-constrictor 

ef'tect on the arterioles predominated. The effect of pH on the eapil.l.ary 

tone and on the action of' histamine was demonstrated by Hemingway and 

McDowall (1926). A lowering of the pH from '7.6 to '7.4 caused the capillaries 

to lose tone, and histamine action on arterioles then again predominated. 

Change in the response of the blood pressure to the intravenous injection ot 

histamine after altering the pH was observed also by Eichler and Killian {1931) • 

The action of histamine on the vascular system changes as the biological 

tree is ascended. Arterial constriction may be the predominant effect in 

rodents. In the cat there occurs slight constriction of the arterioles and 

dilatation of' the capillaries. Dilatation of both capillaries and arterioles 

occur in both the dog and the monkey, whereas in man the arterioles and 

capillaries of' the skin and of' the brain dilate (Dale 1929) • 

B. Direct Observations of' the Blood Vessels of the Skin: 

!he tirst observation on the effect of histamine on the human skin 

was made by Eppinger (1913) who noted a red4en1Dg. It has been observed sinee 

by many other workers (Dale and Richards l9lBJ Lewis and Jraruin 1927 etc.) • 

The so-called 'triple response' which occurs after the introduction 

ot histamine into the skin of human beings has been ampl.7 describe4 and 
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extensively investigated by Lewis (1927). Lewis and Grant (1924) introduced 

histamine into the akin and made the following observations: 

(1} Local reddening: - Afier twenty seconds a localized reddening 

occurs which is augmented when the circulation has been stopped, so that its 

formation is dependent on circulation. If the circulation is normal this 

effect is not as marked. The reaction is dependent upon the vaso-dilatory 

action on the capillaries. It can be obtained after degeneration of the 

local nerves. 

(2) Flare: - After another interval of 15~0 seconds, a scarlet flare 

is produced which has a cUameter o:r 2-3 centimeters. It is dependent upon 

the presence or intact local nerves and is believed to be due to an axone 

reflex. If the sensory nerres to the arm are blocked the reaction still occurs 

but is abolished when the local nerve supply to the skin has degenerated. The 

reflex is therefore a local one, and does not pass through the central ne:rvous 

system.. The nare is due to arteriolar dilatation. 

Use or this reaction has been made for the determination of an 

intact nerve supply and circulation in patients {Loesser 1938). 

(3) Wheal: - The production of a wheal or of localized oedema. This 

takes longer to appear, usually' 3-5 minutes. After this it begins to lose its 

sharpness and has disappeared at the end of an hour. The mechanism of wheal 

formation is independent of the nerve supply and depends upon an increased 

permeability of the capillary wall. There is a marked similarity between the 

effects produced by the introduction or histamine into the skin and those 

produced by mechanical or other irritation. 

Many observers have confirmed the vaso-dilator action of histamine 

on various preparations b,y direct mdcroscopical observation (Hooker 1921; 

Rich 1921; Grant 1930 etc.). 



Action on the blood vessels of different organs: - In general, a vaso

dilatation has been observed in most organs. Dale and Riehards {1918) 

noted suCh an action on the blood vessels of striated muscle. The vessels 

of the conjunctiva, brain, intestine, submaxillary gland, pancreas and 

branches of the hepatic artery all give a vaso-dilator response to histamine 

(l'eldberg and Schil~ 1930) {Bauer, Dale, Poulsson and Richards 1932). 

'!be response in the kidney is different however. When the kidney 

is left in situ, the volume decreases under the influence of histamine 

(Dale and Laidlaw 1910) • In the isolated perfU.sed organ however, a vaso

dilator action was observed by MacGregor and Peat {1933). 

The action of' histamine on the blood vessels of the brain has been 

observed in man, and in the cat and dog. In a patient with a traumatic 

opening of the Skull Bruch (1937) observed vaso-dilatation of the cerebral 

vessels following the intravenous injection of histamine. Its action is 

influenced by the type of anaesthetic used. Under amytal anaesthesia 

histamine causes dilatation of the blood vessels of the brain and the 

c. s. F. pressure rises in man and the cat. This is due to a direct action 

on the intracranial vessels, and may be an explanation for so~led histamine 

headache. 

In the dog and cat, although there is a dilatation of' the vessels, 

the c. s. :r. pressure is lGWerecl by the action of histamine, when the animals 

are anaesthetized with ether. The fall in c. s. F. pressure occurs at the 

same time as the general fall in blood pressure and is perhaps dependent upon 

it. (Lee, 1925; Forbes, Wolff and Cobb, 1929; Pickering, 1933). It was noted 

by Bruch (1937) that the vaso-dilator action of the cerebral blood vessels 

occurred before that in the arm. He believes that histamine may be the cause 

of' certain types of syno:ope :' by lowering systemic blood pressure. Bedford (19*) 



injected histamine directly into the ventricles without causing any effect 

on the systemic blood pressure. 

c. Action of Histamine on the Heart and on the Coronary, LUng and Liver 
Circulation. 

Heart: - Histamine causes the heart to beat more rapidly and more 

powerfully when given in smal 1 doses. Larger do sea weaken the heart, the 

le:rt side being more affected than the right. (Dale and Laidlaw 1910); 

RUhl 1929; Fe1dberg and Schilf 1930). In a recent article Klisiecki and 

BOldbut (1937) state that the action of histamine on the heart is the 

primary cause of histamine shock in most animals. 

Coronary circulation: - The coronary vessels respond to histamine 

accordiDg to species. The coronary vessels of the cat, dog and turtle heart 

are dilated, whereas those of the rabbit and guinea pig heart are constricted 

(Gaddum 1936). Isolated strips of the coronary arteries of man, the ox, 

horse, pig and dog are contracted. (Cruikshank and Rau 1927; Bll:rtschi 1937). 

Cow1es and Andrus (1938) noted that the constricting action of histamine on 

the coronary vessels or the guinea pig heart is inhibited b.Y atropine. 

Pulmonary circulation: - The blood vessels of the pulmonary circulation 

are constricted by histamine in dogs, cats and rabbits (Dale and Laidlaw 1910). 

Inchlq (1923) observed that isolated strips of' veins in general, and pulmonary 

veins in particular contracted when exposed to histamine. Isolated rings ot 

pulmonary vessels contract under the action of histamine. (Feldberg and 

Schilt 1930). Injections of histamine into the bronchial arteries cause a 

bronchoconstriction without attecting pulmonary blood pressure, whereas if 



injected into the pulmonar.y circulation, a rise of blood pressure in this 

circulation and a tall iD. the general systemic blood pressure is produced. 

(Al.coek, :Berry' Daly and Harayana 1936) e 

Portal circulation: - The dif'f'erent vascular systems of' the liver are 

acted upon in various ways by histamine. The small branches of the hepatic 

artery are dilated by histamine whereas the branches of the portal system 

are slightly constricted (Bauer, Dale, Poulsson and Richards 1932). 

However, in the dog, a powerfUl and important action was noted by 

Pick and his eo-workers. They observed that swelling of the liver accompanied 

b7 a marked resistance to the outflow of blood from the hepatic veins into 

the vena cava took place by the action of histamine (llautner and Pick 1929). 

This was called 'Lebersperre• and they believed it to be the underlying 

mechanism of histamine shock in this species. Baner, Dale, Poulsson and 

Edwards (1932) confirmed these observations but were not however able to 

danonstrate the existence of the same mechanism in either the cat or the goat. 

Confirmation of :Mautner and Pick's (1929) results has also been reported by 

Tchernogoroff' and Popoff (1935). 

D. Action on Smooth Muscle: 

General: - Histe.mine causes a contraction of practically all smooth 

:mnscle. The uterus and intestine of certain animals are much more sensitive 

than others and will react to very small doses. Large doses will paralyse 

both of these organs. Contraction of the bronchi is quite marked, as is 

that of the retractor penis whereas that of' the spleen is only moderate~ 

contracted. (Dale and Laidlaw 1910). 
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NOne of these actions, including those on the blood vessels is 

innueneed by atropine when it is given in doses large enough to antagonize 

the action of acetyl-choline. It was noted however that very large doses 

o~ atropine will diminiSh the action of histamine on the intestine and the 

bronchi {Feldberg 1931) and on the coronary vessels (Cowles and Andrus 1938). 

Uterus: - It was shown by De.le and Laidlaw {1910) that the uterus of 

the virgin guinea pig would react to histamine in doses as small as 1 : 250 

million. Pregnancy diminished the sensitivity greatly. 

The isolated uteri of oats, dogs or rabbits will also contract 

when histamine is added to the solution in which they are suspended but they' 

are much less sensi tiTe than virgin guinea pig uterus. 

The uterus of the rat re~onds to histamine by a depression of the 

spontaneous rhythm. This is not altered after adrenalectom;y or by sensi

tisation (SUden 1934) • 

Bourne and Burn (1927} injected histamine intramuscular1y into a 

pregnant woman at term. They measured the intrauterine pressure and found 

that although strong contractions of the uterus were brought about, birth 

was not hastened. 

Intestine: - Dale and Laidl.aw (1910) found that isolated strips of 

intestine were contracted by histamine. In 1916 Guggenhe~ and Loeff'1er 

noted that the terminal part of the guinea pig ileum was very sensitive 

to histamine, and that it would respond in a quantitative manner to graded 

doses. The cletailed use of such a preparation will be found in a later 

section on methola. '!he reetal caecum of the fowl was also found to be 

particularly seaai tive (Barsoum and Gaddum 1935a). 



Intravenous doses o't histamine in the intact animal produce marked 

increase o:r peristaltic movements with later activity of the colon, followed 

by defecation (Feldberg and Schilf 1930) • 

Bronehipal nm.sculature: - Histamine contracts the bronchial nmsculature 

of rabbits, dogs, cats, rats and guinea pigs. The bronchial musculature of 

the guinea pig is b.Y far the most sensitive of all species to histamine. 

Foggie (1937) observed that whereas the perf'Used lungs of the guinea pig 

responded to doses of o.l - o.2 7 of histamine, the smal]est dose producing 

a response in the rat was 5.0 7• Histamine contracts the bronchi of perfased 

lungs (Bartoseh, Feldberg and Nagel 1932; Dal7 and Schild 1935 ate. ) and 

also of isolated strips of bronchial DDJ.scle, but only in much higher con

centration (Macht and Ting 1921; Epstein 1932). 

Ga1l. bladder: - The musculature of the gall bladder is contracted both 

when isolated (Halpert and Lewis 1930) and in the intact animal (IYy and 

Oldberg 1928). 

E. Action on Secretory Glands: 

An injection ot histamine produces secretion b.Y the salivary, 

pancreatic and those of the bronchial nmcous -membrane and tear glands. 

(Dale and Laidlaw 1910). It also stimulates the gastric glands (Popielski, 1920). 

It is inactive on the mammary or sweat glands and has 1i ttle or no action 

upon the mucous secretion of the intestinal glands. norey (1930) noted 

that histamine decreased the secretion ot water by the bronchial mucous 

membrane. 
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Salivary glands: - The action of histamine on the salivary glands was 

studied first by Popielaki (1920) who noted that part of the secretion was 

due to chorda tympani stimnlation and part due to the release of adrenal 

by the adrenal glands. A third factor is that due to the contraction of the 

glands (smooth lllllSCle) (MacKay 1929), and an actual increase in the secretion. 

~e secretion following histamine is increased if the chorda tympani has 

previously been st1nmlated.. 

Gastric secretion: - The ability of histamine to produce a marked se

cretion of acid gastric juice was noted first by Popie1Sk1 (1920). This action 

has been observed in the dog, cat, rabbit, guinea pig, :frog {Ketton, Koch and 

Luckhart 1920) the rat (Voss 1938) and in man { Carnot, Koskowski and L1 bert 

1922). It will take place when all the nerves to an isolated pouch have 

degenerated (Ivy and ~avois 1924). Gastric juice resulting from the action of' 

histamine is rich in bydrochloric acid but is poor in pepsin. SUbcutaneous 

iajections will bring about gastric secretion, but rapid intravenous injections 

will not. If however, a small amount of histamine is injected intravenously' 

at a slow rate, a secretion of gastric juice ensues (Gntowski 1924). 

On the basis that achlorby'dria may be due to the constant liberation 

of' histamine from chronic infl81111DB.tory akin conditions, Voss (1938) examined 

the gastrie contents of rats before and after chronic histamine injections. 

A.ohlorhydria was produced in ten out of' twelve rats. 

Since histamine is found in relatively large amounts in the gastric 

mucosa, it has been stated that tgastrin', the hormone responsible for part 

ot the secretion or the gastric glands is in all probability histamine 

(Sacks, Ivy, Burgess and Vandol&h 1932; Gavin, MCHenry and Wilson 1933). 

Babkin {~934) on the other hand has pointed out a number or difficulties 

in the way of regarding histamine as the sole agent responsible for the 



second phase of gastric secretion. Komarov { 1938) however has been able to 

isolate a substance from the pyloric portion or the sto.tmch which 1 s tree 

of all histamine-like activity, but which has the property of stimulating 

gastric secretion. Koskowsld. (1933) has claimed that there is an increase 

in the blood histamine during the digestion of a meal, but his methods of 

histamine determination were inadeqaate. In a recent investigation MacintoSh 

(1938), using the method of Barsoum and Ge.ddum (1935a) was not able to sha. 
1-\1. s 1 t~.:~ui\Lf:. c.o r-t \ E.N -r o€= T'.,.€. 

an increase in the systemic blood of the dog during the digestion of a meal. 

' Certain investigations have indicated that histamine ~ be present in 

Brown and Smith 1935}. This has also 

been shown to be the case by Macintosh ( 1938) , using a method of extraction 

similar to that described by Barsoum and G6ddum (1935a) • He believes that 

histamine may mediate the secretory action of the vagus on the parietal 

cells, and that therefore histamine may act as a normal sttmnlant to gastric 

secretion. 

Action on pancreas: - Histamine exerts a secretor,y action on the 

pancreas. (Lim and Schlapp 1922; Molinari Tossatti 1928). 

:r. Effects of the Administration of Histamine: 

(a) IntravenousJ.y: - Smal 1 intravenous doses o'E histamine may produce 

fleeting responses in an animal or in man when given intravenously. Large 

doses have various effects depending prtmarily upon the rate of injection 

and as has been obserYed in animals• also upon the site ot injection. In 



general it may be said that the most outstanding and constant response to 

a small intravenous dose is the drop in blood pressure. It is only natural 

to suppose then that on increasing the dose of the histamine this effect 

will be greater. Whether this is so depends upon the species employed and 

upon other factors. Because of the marked drop in blood pressure, and the 

Shock-like condition produced after an intravenous injection of a large 

dose of histamine, the earlier workers conceived the idea that liberation 

of histamine in the organism may be responsible for certain types of shock, 

in particular traumatic and anaphylactic shock. 

If a large enough dose of histamine is injected intravenously into 

an animal, it causes death or that animal. The mode of death varies in 

different species. It may be due to one or two actions, (1) the action on 

smooth muscle as in the guinea pig and rabbit, or (2) on the capillaries 

as in the cat. The first type or response is usually lessened by anaesthesia, 

whereas the second is heightened. 

Guinea pig: - If an unanaesthetized guinea pig weighing between 

200 - 250 gm receives an intravenous injection of 50 y of histamine, a train 

of typical symptoms ensues followed by death in three to four minutes, due 

to bronchospasm. The animal first begins to struggle and then to gasp for 

breath. As the dyspnoeabecom.es more marked, cyanosis ensues. The animal 

urinates, and active peristalsis can be observed through the abdominal wall. 

The accessory muscles of respiration begin to act and respiration stops, while 

the heart is still beating. It one opens the chest after death, the lungs are 

distended and em:pbysmatous, and the right heart is· .distended w1 th blood. 
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Rabbit: - The symptoms of histamine poisoning after an intravenous 

injection are the same in the rabbit as in the guinea pig, The heart however 

stops before re~iration and death is due to obstruction of the pulmonary 

circulation, which causes acute dilatation of the right ventricle. T.he 

lethal dose or histamine injected intravenously in the rabbit was established 

by Oebme (1913) to be between 0.6 to 3 mg per k:go 

Cat: - The effect of an intravenous injection of histamine was 

studied in the cat by Dale and Laidlaw {1919). If an anaesthetized cat 

receives a large intravenous dose (1 mg/kg or more), there is a rapid drop 

in systemic blood pressure due to the constriction of the pulmonary vessels. 

This is followed by a secondary rise, which is in turn followed by a gradual 

sinking of the blood pressure to a low level, tram which it does not recover. 

At this stage, the condition of the antmal resembles that of traumatic 

shock. The fUndamental change in histamine shock is a mar:ted decrease in 

the circulating blood volume, which is due in part to pooling of the blood 

in the capillary bed, and in part to the transudation of plasma through the 

capillaries which have become more permeable. This has been shown by the 

fact that there is a marked concentration of' R. B. c. of' from 30-6~. Direct 

estimation of the blood volume has also been carried out in the eat and 

rabbit by Karady (1938) • 

Dog: - The general effeet of the inj action of a large dose of 

histamine on the dog differs from other animals in that there is produced a 

~ked resistance to the flow or portal blood through the liver which is 

believed to be due to constriction of the hepatic veins, the so-called 

tVenen' or 'Lebersperre' • This work has been carried out mostly by Mautner 

and Pick {1929). The lethal dose for the dog is given as 3 mg/kg. -

ID. this connection the observations of J"acobs and Mason (1936) are interesting. 



A normal female dog received 170 mg per 24 hours intravenously for a period 

ot 62 days {0.066 - 0.7 mg per kg per hour). A total of 2,322 mg of 

histamine was administered. Atter 73 days the animal was able to w1 thstand 

almost ten times the original dose with less signs of prostration than had 

previously been observed. 

Bat: - The rat is very resistant to histamine, and will tolerate 

large doses intravenously. Voegtlin and Dyer (1924) gave 24.4 mgjkg to a 

rat weighing 368 gms. and caused a drop of blood pressure from llO to 

42 mm Hg where it remained for a long time. As base this is equivalent to 

2.88 mg. Sel.ye (1936) produced an acute phlegmonous appendicitis in rats 

of the hooded strain by the intravenous injection of 30 mg of histamine 

hydrochloride. Occasionally, slight ulceration of the stomach was also 

observed. 

Horse: - The effect of intravenously injected histamine was 

studied in the horse by Ackerblom (1934)o If' 200 mg of histamine in 100 cc 

of water is injected, the animal becomes restless before the injection is 

terminated. The restlessness increases, the mucosa of the eyes, mouth etc. 

become infected and the pulse is not palpable. Dyspnoea is produced and 

af'ter another thirty seconds it falls to the ground in a tonic cramp-like 

condition with the head between the legs. T,ypical shock is produced with 

cessation of respiration. 

Wood-chuck: - The blood pressure of the wood-chuck is rapidly 

lowered b,y an intravenous injection of histamine (Essex 1936). 



(b) Action or histamine when administered subcutaneous].y or intra

peritonealll: - Larger doses are required, when given subcutaneously or 

intraperitoneally, in order to produce ef~ects similar to those brought 

about by intravenous administration. 

However subcutaneous administration of histamine will produce 

a marked gastric secretion, whereas a single intravenous injection will not. 

I~ histamine is infused intravenously at a slow rate, a secretion of gastric 

juice does occur (Gutowski 1934). 

{c) Enteral ac1ministration of histamine: - The effect of enteral 

administration of histamine depends upon the rate absorption, which in turn 

varies in different parts of the gastro-intestinal tract. Histamine is 

most rapidly absorbed from the snel 1 intestine. It is very slowly absorbed 

t.rom the stomach and large bowel. Its action has been investigated by 

placing a similar dose in various parts o~ the intestinal tract and observing 

changes in the blood pressure. The absorption is greatest from the ileum, 

slightly less from the duodenum. (Mee.kins and Harington 1923) • Much larger 

doses may be tolerated by the enteral route than by any other. 

Histamine is rapidly absorbed trcm the buccal mucous membrane and 

a dose which is ineffective when placed in the stomach or a guinea pig 

may produce death if allowed to come into contact with tongue or mucous 

membrane or the mouth {Heubner 1925). 

A.ckerblam showed that histamine would produce symptoms in a horse 

if it was placed in contact with the mucous membrane of the mouth (1934). 



G. Effect of' the Chronic Administration of' Histamine. 

Continuous infusion or repeated injections of histamine may 

produce different s.yndrames depending upon the size of the dose, the route, 

duration of the time of injection, and the species of animal. Changes in 

the tissues and in the blood have been noted (Henlein 1935; Ackerblom 1934; 

Aekerblom and Sjoberg 1938) • 

It has also been shown that pretreatment with histamine will 

produce a resistance in the organism which may or may not be specific in 

that it builds resistance against the action of histamine and other nocuous 

agents. These results will be considered in relation to various pathological 

conditions in a later section. 

H. The Etfect of Histamine upon the Compoai tion of the BloQd: 

(1) Cells: - In dogs and cat-.a, histamine causes a marked concentration 

of the blood with a corresponding increase of the red blood cells, a 

diminution of leucocytes and an increase in platelets (Dale and Laidlaw 1910). 

The findings on the effect of hi stamina on the leueocytes are 

however not uniform. No change could be found in the white blood cell picture 

after smal 1 doses of hi stamina in the guinea pig (.Ahl and Schi ttenhelm 1913 etc. ) • 

Schenk (1922} could observe no change in the white blood cells of man after 

the subcutaneous injeetion of 2-5 mg of histamine. 

Ackerblom and Sjoberg (1938) working with horses, noted, that the 

chronic intravenous administration of histamine caused a siight reduction in 

the red blood cellso The white blood cells on the other hand we:ee markedly 

increased, both, during and after the injection of histamine. This increase 



consisted mainly of neutrophilic leueoeytes. A slight decrease in 

eosinophiles was noted. 

{2) Chemical composition: 
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(a) Bl.ood volume: - Decrease of the total blood volume occurs 

in oats, dogs (Dale and La.idlaw 1910) and rabbits {Karady 1938}. Underhill 

and Roth (1922) were unable to produce any significant change in the blood 

volume of rabbits b.1 the use of histamine. 

(b) Coagulability:- It is concluded generally that hi stamina 

does not affect the coagulability of the blood (Smith 1920; Zunz and 

La Barre 1926) altougb. Biedl and Kraus {1912) found that 3 mgm of histamine 

caused retardation of the coagulation time of the blood. 

(c) Chlorides: - The blood chlorides are usually lowered followed 

the administration of histamine (Drake and Tisdall 1926) {Saradjichvili and 

Ratf'lin 1930) • No signi fie ant change was noted by J'acobs and Mason ( 1926). 

{d) N. P. N.: - According to Haahimoto {1925) and Drake and 

Tisdall (1926) an increase in the N. P. N. of the blood occurs following 

the administration of histamine. No change was found after chronic admi

nistration o:r histamine in the dog by' J'acobs and Mason {1936). 

(e) Protein: - Derer and Stettanuti (1930) observed a decrease 

in the serum protein of the blood of the cat following histamine administration. 

(:t) Cholesterol: Blood cholesterol is decreased bY an injection 

of histamine in dogs. {Cornell 1928; Tang]. and Reeht 1928). 
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(g) Sugar: - .Uthaagh varied results have been observed with 

regard to the effect or an injection of histamine on the blood sugar, it is 

generally accepted that there is a rise. (Chambers and ihompson 1925; 

La Barre 1926); (Dziniseh and Pel.y' 1935). 'l'his rise in the blood sugar is 

accompanied by a decrease in the liver glycogen and it was suggested that 

stimulation of' the vagus fibres to the liver might be the cause (La Barre 

1926). It was observed however, that although hyperglfcemia occurred in the 

rat following the injection of small amounts ot histamine, the injection of 

similar doses in adrenalectomized rats did not produce any change in the 

blood sugar with or without transplanted cortical tissue (wyman and SUden 

1934). 

In man, the intramuscular injection of histamine did not produce 

any significant change in the blood sugar (Hiestand and Hall 1932). Similar 

findings were noted following the intravenous injection of histamine in the 

horse (Ackerblom and Sjtrberg 1938). Large doses of histamine will produce 

hypoglycemia however. (Katzenelbogen and Abramson 1927; Sel.ye 1938). 

(h) Lactie acidt- - An increase followed by a decrease in the 

blood lactic acid was observed following the administration of histamine 

in dogs by Chambers and Thompson (1925). 

(1) Calcillll: Varied results have been obtained with regard to 

the blood calcium. La Barre (1926) found no changes in the plasma calcium 

or guinea pigs in histamine shock. Rilschinsky (1929) observed an increase 

ot calcium in the serum and plasma of' dogs, whereas Ackerblom and Sj~erg 

(1818) noted a decrease in the blood calcium or the horse. 

(j) Phosphate:- Chambers and Thompson {1925) noted an increase 

in plasma inorganic phosphate in dogs. In guinea pigs however, La Barre (1926) 



found the opposite result. Ackerblom and. Sjtrberg (19Z8) observed a f'all 

in the horse, which was accompanied by an increase in phosphatase. 

(k} Potassium.: - A decrease 1n the blood potassium was noted 

by J..ckerblom and Sjlrberg (l9M) in the horse. 

(1) Lipase: - As measured by Steffanuti (1930) blood lipase was 

:round to be decreased during histamine shock. 

(m) Alkali reserve: - The production of' both an acidosis and an 

alkalosis by' the administration or histamine has been observed depending 

upon the mode or injection, subcutaneous injection causing alkalosis and 

intravenous injection causing acidosis (Wallace and Pellini 1920). 

Acidosis however has been produced by the subcutaneous inj action 

ot histamine by Hiller (1926), Boyd, Tweedy and Austin {1928) and La Barre 

(1926). 

In the rabbit, Katzenelbogen (1929) produced an alkalosis by 

intramuscular injections, and Eichler and Killian (1931) produced acidosis 

b,y the intravenous injection o:r histamine. 

In the horse, variable results were obtained (.Ackerblom and 

Sjlrberg 1938) CJ In man no change in the alkali reserve was observed following 

the intravenous injection o:r histamine (Weiss, Robb and Ellis 1932) whereas 

only a slight increase of' the co2 combining power ot the plasma occurred 

following intramuscular injections (Hie stand and Hall 1932). 



•The Ettect of Histamine on 1\ymPh." 

Dale and Laidlaw (1911) observed that an injection of 2 mg of 

histamine produced an increase in the flow of the lymph, from 0.3 ec to 

1 cc per minute in the thoracic duct of the dog. This action is thought 

to be due to an increase of lymph trom the liver because the constriction 

of the liver veins. Haynes {1932) noted an increase in the lymph flow 

f'rom the leg of' the dog following an injection of histamine. 

"The Action of Histamine in Man." 

{a) SU.bcutaneousl.r: - Many obserYations have been made on man following 

the subcutaneous injection of histamine in doses of' from 0.5 - 8 mg 

{Xehrer 1912; Schenk 1921 etc.) • It produces flushing, particularly 

about the face and neek, quickening of the pulse and pounding of the heart, 

nausea, occasionally asthmatic-like symptoms, and is accompanied by ·a marked 

fall in blood pressure. Secretion of acid gastric juice occurs. If the dose 

is increased, the symptoms are more severe, and an acute headache, throbbing 

in nature may be produced. 

Recent]Jr Parrot {1938) has noted that patients suffering from 

asthma respond in a different manner to subcutaneous injections of histamine. 

The blood pressure rises instead of falling. 

In patients with migraine however, a steep fall of the blood 

pressure was noted, followed by a slow rise and eventual hypertension, at 

which point the headache is observed (Parrot 1938). 
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(b) Intravenous Injection:- The intravenous injection of histamine has 

been studied by Weiss and his eo-workers in particular. Weiss, Robb and 

Blumgart (1929) gave injections or 0.001 mg (1 y) per kg of the phosphate 

and measured the circulation time by noting the appearance of flushing about 

the face and neek, and by the metallic taste produced in the mouth. The 

average dose given was 60-70 y of the phosphate which is equal to 20-25 7 

of histamine base. n another paper Weiss, El.lis and Robb {1929) described 

the changes appearing in patients during the continuous .. enous infusion of 

o.0003 mgm of the amine per minute. In some adults o.oa - 0.04 mgm per 

minute were inj acted. They studied cardiac output and rate, blood velocity 

and pulmonary ventilation all of which were increased. Basal metabolic 

rate was also increased. Dilatation of the peripheral arterioles, capillaries 

and venules was observed. The blood volume was not changed but the distri.

bution of blood was shifted so that that on the venous side was increased. 

No fall in blood pressure could be noted at an injection rate of 0.02 mgm 

per minute, and they came to the conclusion that the resulting condition in 

no way resembled shock. 

Further studies on the effects of a rapid injection of 0.05 - o.oa mgm 

of histamine intravenous:cy as the phosphate (0.016 - 0.026 mgm base) were 

carried out by Weiss, Robb and Ellis (1932). The general conclusion arrived 

at was that the production of s.y.mptoms depended upon the rate of injection 

as well as on the size of the dose. They found that there was an inversion 

of the T. waves in the E. o. G. taken during the time of injection. After 

the injection of 20 y they were unable to note any marked changes in the 

B. P.; a rise of about 15 nm Hg occurring in some and a fall of about the 

same magnitude in others. Weiss, Robb and El.lis (1932) state •the most 

significant of these findings is that man does not as a rule respond to 

histamine with a prompt fall in arterial pressure.• 
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Further observations of Weiss et al (1932) Showed no change in 

venous pressure. Measurement of' the o. s. F. pressure showed a rise which 

was not accompanied by an increase in the arterial pressure. Th.i s obser

vation was made both under ordinary conditions and at operation. T.he,y 

consider the vessels of the brain to be the most sensitive of all the 

vessels in the body to histamine, and state that there is a progressive 

decrease in the sensitivity of' the eutaneous vessels from head to foot. 

No changes during injection or histamine were noted in the nail bed capil

laries as observed under a special microscope. In fUrther observations on 

continuous infusion of histamine, they found that s.ymptoms could be varied 

according to the rate of' infUsion. Increasing the rate of' injection augmented 

the sever! ty of symptoms and vice versa. SUdden changes in concentration 

play an important part in precipitating headaches. They state 'these obser

Tations clearly demonstrate that histamine is changed to a pharmacologically 

ineffective substance or substances practically as rast as it is infused 

into the human circulation.' 

In an effort to deterndne the sensitivity of man to histamine, 

Karady (1934) injected small doses of histamine (5 y of' the base) intrave

nously. By following the systolic blood pressure, marked responses to such 

a small dose was observed in certain individuals, and he was able to distinguish 

four types of responses. T.ype I is characterized by a drop in the systolic 

blood pressure of about 20-30 mm Bg within 30 seconds after the injection, 

followed by a return to the normal level within one and a half minutes. 

Type II is characterized by an initial drop of' at least 20-30 nm Hg followed 

b.Y a return to the original level and a secondary rise of at least 20 mm Hg 

above the initial 18V'el with a return to the normal B. P. finally. To the 



third type belongs that group of individuals whose blood pressure# hardly 

varies, a :tal1 of 5-10 nm Hg with a return to nonnal. T.Y:Pe N consists 

of' a primary :tall of' the blood pressure of less than 20 nnn Hg followed 

by a return to the normal and a secondary rise of' less than 20 nnn Hg above 

the normal level, with a final return to normal. In later studies Rusnyak, 

Karady and Szabo (1936) studied 320 patients with this method and noted that 

258 fell into the first group (Type I), 30 to Type II, 14 to Type III, and 

18 to Type IV. An analysis of the fate of' all of these patients showed that 

those belonging to the second type tended to go into surgical shock if' 

subjected to severe operation, whereas none of the others manifested this 

tendency. Further discussion of' these findings will be found in a later 

section. 

It is interesting in this connection to consider the observations 

of' Barsoum and Smirk (l936a) who determined the blood histamine in pttients 

in congestive heart failure. They found an increase in the total blood 

histamine which varied trom o.oe - 0.3 y/co (normal 0.04 y/cc). Practically 

all of this histamine was held in the cellular elements with a small amount 

only in the plasma. That the combined histamine was inactive was demonstrated 

by the fact that a small amount (7-10 y) injected intravenously ilK> such 

patients produced the same effect as in a normal patient, in other words, this 

injected histamine was free to act in spite of the fact that mnc~ higher 

concentrations were present in combination with the cells. 
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"The EZtraction and Identification or Histamine." 

In the introductory sections of this work, it was noted that since 

histamine may be confused with many other similarly acting substances, great 

care must be exercised in its extraction, and adequate proof that such an 

extracted substance is histamine must be adduced. Again, since the amine 

is so active pha.l'maeologicall.y in very sma] l amounts and frequently is present 

in minute quantities, the difficulty or separating it from other tissue 

hormones will readily be seen. 

There are various methods in use tor the extraction of' histamine. 

It seems to be quite stable in tissues since finely mdnced tissue may stand 

f'or a few hours at room temperature, without either a production or destruc

tion of histamine taking place as far as can be determined wit~ present 

methods. The controversy as to whether histamine exists as the free substance 

in loose combination, or in the form of some precursor such as a decarboxylated 

f'orm of' histidine has not yet been established, although it is known that 

hi stamina can readily be formed by the action of' various substances and 

tissues under the proper conditions, and similarly destruction can take 

place. Because of this, and the fact that bacterial invasion readily alters 

the histamine content of tissues or extracts, one Should perfor.m the 

extraction on as treSh tissue as possible. 

Since the methods f'or the chemical isolation of' histamine are very 

lengthy and involve considerable loss of the substance with each step of' 

the procedure, biological methods have been resated to by most workers. 
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Methods of Extraction. 

Tissues: 

(a) - Finely ground up tissue is placed in 95% ethyl alcohol 

(2-4 cc/gram of tissue). This is filtered after allowing to .stand 24 hours. 

i'h.e tissue isegain extracted with 60'P alcohol for 24 hours and then filtered. 

Both extracts are mixed and the volume reduced in vacuo. Fat is removed by 

ether which also removes choline and adenosine and the final extract is then 

evaporated to dryness in vacu(), the residue is taken up in salt solution and 

tested biologically. 

This method was used extensively by earlier workers. Best and 

McHenry (1931) demonstrated that the first two extractions w1 th alcohol 

yielded 60% and 30% or the hi stamina respect! vel.y end reco:a:mended a third 

extraction. 

(b) - In their work on methods for the determination of 

histamine, Koessler and Hanke (1920) made the important and usef'Ul. observation 

that histamine was stable when subjected to acid hydrolysis. 

Taking advantage of this fact, Best and McHenry {1931)· introduced 

a new method in which tissue is placed directly into 10% HCl {150 cc of acii 

tor 20 gm or tissue) and heated to 95°C for one hour, after which time the 

tissue has disintegrated. This mixture is then dried in vacuo and washed 

twice with 50 cc portions of 95% ethyl alcohol. The residue is then taken up 

in distilled water and neutralized with 20% NaCl. This is then filtered and 

the filtrate is as~ed biologically. The residue should be thoroughly washed 

in order to obtain all the histamine in the filtrate. This method has been 

used extensively. 
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(c) - MacGregor and Thorpe (1933) have describe& a method by 

which histamine may 'be electrodialysed from tissue mixtures. A cell containing 

three chambers separated one from the other by collodion, is used. The 

tissue mixture is plaeed 1n the centre chamber. The other two contain the 

anode (carbon) and cathode (nickel). A current of' 0.2 - 0.5 amperes is 

used, which attracts the histamine to the cathode. A!'ter a suitable time, 

determined by testing the fluid b,y means of the Pauly reaction every fifteen 

minutes (two similar results indicating that dialysis is complete), the 

contents of the positive chamber are removed for biological assay. The 

solution must be kept cold. 

Since this procedure requires but two hours at the most, it is much 

shorter than the two described previously, and although it gives results 

comparative with method .!. , the yield is 30% lower than that of method b. 

( Ge.ddum. and Dale 1936) • 

(d) - The method for the extraction of histamine fi'rom blood 

described by Barsoum and Gaddum. (1935a) has been used considerably in recent 

years for extracting histamine from tissues. In general the following 

procedure is used (as modified by Code 1937b): The weighed tissue is finely 

ground up with sand and placed in 10% trichloracetic acid (2 gm of' tissue to 

15 cc). ~er standing about one hour, this is then filtered, and the residue 

washed several times with 10% trichloracetic acid. The filtrate is then 

boiled for an hour with 5 cc concentrated HCl. This then evaporated down in 

vacuo and washed with two 10 ec portions of 96% alcohol. The residue is then 

taken up in distilled water, neutralized and assayed on the guinea pig ileum 

~eparation. 



(e) - In recent work Feldberg and Kellawa.y (1937) used a simple 

method for the extraction of histamine from the lungs of cats and guinea 

pigs. The tissue was ground up finely in Tyrode solution in a mortar. After 

thorough grinding, the whole was made up to so that 20 - 50% equalled 1 gm 

of tissue. The solution was then brought to the boiling point, and after 

cooling, was tested on the guinea pig ileum preparation. They obtained 

results comparable to those found by the more complicated methods described 

above. 

Methods for whole blood: 

(a) Barsoum and Ge.ddum.: - The original method of Barsoum. and 

Gaddum (1935a) has been used for most of the work by many observers. It is 

as :tollows: 

Ten eo of blood are run into 15 cc of 10% trichloracetic acid. 

After standing one hour, it is filtered and the residue is washed four times 

with 5 cc trichloracetie acid. The filtrate is shaken four or five times 

with successive portions of ether in a separating tunnel until it is about 

neutral to congo red paper. Ten cc of N HOl are then added and the whole 

is boiled for 90 minutes in a flask, water being added if necessary to 

prevent desiccation. The extract 1 a then evaporated to dryness in vacuo, 

and the excess HCl removed by the addition of two 10 cc portions of 96% alcohol. 

The residue is extracted three times {2 x 2 x 2 ce) of alcohol 

previously saturated with NaCl. T.he alcoholic extract is filtered and 

evaporated to dryness, and the residue is taken up in 2 cc or water neutralized 

to litmus w1 th x cc of N NaOH ( 0.2.8 - x cc) of N NaCl is added and the total 

volume is made up to 2.5 cc. 



(b) Code: - The method of' Barsoum. and Ga.ddum was studied by 

Code (1937b) and it was noted that the results on two samples of the same 

blood might vary considerably. He also noted that the ether extraction was 

unnecessary, and modified the method as follows: 10 cc of blood are run 

into 15 ce of' 1~ trichloracetic acid, and are thoroughly mixed to precipitate 

the proteins. After standing for approxtmately one hour (30 - 90 minutes) 

this is filtered by suction and the precipitate is washed four times with 5 cc 

of the triChloracetic acid. Ten cc of concentrated HCl is added to the filtrate 

and the mixture is gently boiled for 90 minutes using a reflux air condenser 

to prevent too rapid EWaporation. After this hyd.r~sis the mixture is evaporated 

in vacuo, and the residue is washed with two 10 cc portions of absolute alcohol. 

The dry residue is taken up in 2 cc of distilled water and a:rter allowing it 

to stand for a few minutes the whole is filtered. The nask containing the 

dry residue is again washed with two more 2 cc portions of water, and these 

are also filtered. The filtrate is neutralized with N/5 NaOH using brom

thymol-blue as an indicator. About 1.0 - 1.5 cc of Nj5 NaOH is all that 

should be required. The extract is now made up to the original volume of the 

blood sample taken and is ready for assay on the guinea pig ileum preparation. 

(c) Method for differential blood histamine: - If the source of 

blood is sufficient to provide larger quantities, in the neighbourhood of' 

30-40 cc, histamine determination of the plasma, red or white blood cells 

may be made. 

The blood must be drawn quickly in a paraff'ined syri~and oiled 

needle. It is placed into paraffined centrifUge tubes standing in ice. 

Heparin is the only anti coagulant which m.ay be used. 

Various parts of the blood _may be removed after centrifuging, 1. e. 

plasma, red blood cells or the 'white blood cell layer'. The method of' 
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extraction and assay is as described above. 

(d) - Tarras~ahlberg (1935) described a method for the detection 

of histamine in the blood pla~ of the rabbit. Freshly drawn blood was 

centrifuged and the plasma poured into collodion caps. The plasma containing 

caps were then immersed in cold water. The plasma was dialysed against 

5-6 times its volume of water. After changing the water about the collodion 

sack 2 - 3 times, the separate portions were mixed into one and evaporated 

to dryness in vacuo. After several treatments with 99% alcohol to remove 

excess mineral salts, the final residue was taken up in normal saline and 

assayed biologicall.y. He obtained a value of 0.5 y /cc of plasma in the blood 

of the rabbit, which is slightly higher than the figure obtained for plasma 

histamine in this animal by Code (1937c). 



wThe Identification and Estimation of Histamine.a 

There are two ways of identii'ying and estimating histamine, apart 

from the actual chemical isolation. These are first chemieal, and seeonclly 

biological. 

(1) Chemical Methods: 

56. 

(a) In 1904 Pauly described a test for the identification of the imidazol 

nucleus. It depends upon the formation of coloured compounds originating from 

the combination of the imidazol ring of histamine with diazo ~bstances. In 

the original method, potassium nitrite was added to a solution of sulphanilic 

acid in hydrochloric acid, in order to for.m diazobenzolsulphonie acid. 

Sodium carbonate was then added to the solution to be investigated, making 

it strongly alkaline, and the diazo solution, prepared as indicated above, 

was then added. The production of a deep cherry red colour occurs in a 

positive reaction. Addition of acid changes the colour to orange. The 

reaction is not specific for histamine, since histidine gives a similar result. 

T,yrosine produces a red colour which however changes to bronze with the 

addition of acid. 

Many workers have made use of this reaction. Koessler and Hank:e 

(1919) worked out a quantitative chemical method in which the final determination 

was made by use of the Pau1y reaction. They were able to estimate solutions 

containing 1 - 50 y. By means of a lengthy and complicated chemical extraction, 

a relatively pure extract of histamine was obtained. However, there were many 

objections to their method, the most ~portant one being that great losses of 

the amine were encountered during the process of purification (Genard 1922; 

Best, Dale, Dudley and Thorpe 192'1}. In spite of this fact, the method might 



be of greater value, were it not that biological methods are so much more 

sensitive and simple. 

The Pauly reaction was modified by Gebauer - Fu.ellnegg (1930). 

57. 

He substituted p-nitraniline for the diazobenzolsulphonic acid. In this~ 

it is possible to extract the colour compound due to histamine or histidine 

w1 th butyl alcohol. 

Yokoyama (1936) has described a further modification which is 

micro-colorim.etric in natureo Using this method, histamine was found in the 

blood of the rabbit but not in that of the dog. 

(b) Knoop (1908) described a test for histamine and histidine. Both 

gave a reddish brown colour when placed in a solution or bromine. The test 

was modified by Hunter (1922). It is however less sensitive than the Pauly 

reaction and is not quantitative. 

(c) A specific test was described by Zi.Dmerman {1929). When histamine 

is placed in a Thtrnberg tube in vacuo, and is mixed with cobalt nitrate and 

alkali, a violet colour is produced. It is however not a sensitive test 

since it will detect only quantities of 0.5 mgm or over. 

(2) Biological MethOds: 

As no one of the biological methods for the identification of 

histamine is specific in itself, one must use as many tests as possible to 

ascertain that the substance is histamine and not one of the other tissue 

substances. 

In general, choline and acetyl-choline may be ruled out by the use 

of atropine, but this Should be used only when ~ecessary, since atropine may 

lessen the sensitivity of a preparation to histamine. 
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Adenosine derivatives, kallikrein and 'substance pt have histamine

like actions, but these'are destroyed by acid hydrolysis. Table III shows 

the principle distinguishing properties (Ungar 1937). 
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(a) Blood pressure: - The blood pressure of the cat is one of the 

most generally used indices. It is sensitive, and quantitative in amounts 
' 

from 0.5 y up. It is dependent upon the fact that small intravenous in-

jections of histamine produce a rapid fal1 in blood pressure. The animal 

may be anaesthetized either with ether or most of the standard anaesthetics 

(Dial, nembutal, urethane and chloralose etc). Injections are made regularly 

every three minutes, stopping the kymograph in between to facilitate comparison. 

Alternating doses of the extract and a standard of histamine varying from 

0.3 to 1.0 y are injeeted until the strength of the unknown is deterndned. 

The carotid or femoral artery may be used. This method is des cri bed in detail 

by Burn (1928). 

The dog is sometimes used for histamine assay but it is much less 

sensitive than the cat. 

When identification rather than quantitative assay is required, the 

rabbit may also be used. It is important to remember that in this species 

the type of anaesthetic used may alter the response of the blood pressure 

to an intravenous injection of histamdne. Under ether anaesthesia a rise 

of blood pressure is observed whereas under other anaesthetics usually no 

response or a definite fall may occur. 

(b) Uterus: - According to Burn and Dale (1922) the uterus of the 

virgin guinea pig may be used as a quantitative test for histamine. The method 

was first described by Dale and Laidlaw (1910). 'Ele uterus contracting activity 

of the UDknown extract is compared with that of known histamine standard 

solutions. The test is however not specific since many other substances 

including posterior pituitary extract, choline derivatives and adenosine compounds 

will also cause contraction of the uterine muscle. 

Uteri from other animals are much less sensitive and react in 

different ways to histamine. 



(c) Intestine: - One of the most usei'ul and convenient methods of 

assaying histamine is by means of the guinea pig ileum preparation. 'Blis 

was first described by Guggenheim and Loeffler (1916). It is one of the 

most sensitive of preparations and allows of comparatively rapid assay in 

that the gut relaxes qub~ when the histamine solution is washed away, 

and it is thus ready for a stimulus every ninety seconds. A good preparation 

moreover may be constantly used for as long as two hours. Details of this 

method will be found in the description of the experimental work. 

Choline and its esters cause guinea pig intestine to contract 

whereas adenosine and its derivatives cause relaxation. Atropine will inhibit 

the action of choline or acetyl-choline, but large doses also diminish the 

sensitivity of this preparation to histamine. 

Such a preparation will react to 0.01 y Hth accuracy and will 

distinguiSh increments of o.oo5 y of histamineo 

Intestine of other animals such as the cat and rabbit have also 

been used, but they are much less sensitive to histamine than that of the 

guinea pig. 

Recently Barsoum. and Gaddum (1935a) have used the rectal-caecum of 

the fowl for the determination of histamine. This is the most sensitive 

of all known biological preparations. 

It should be noted at this point however that the guinea pig ileum 

preparation may be affected by various other substances other than the tissue 

vaso-dilators such as histamine, acetyl-choline and adenosine. This is of 

particular importance in the assay o-r histamine from pertused lung preparations. 

For instance, snake-venom, bee-venom and staphylococcus toxin all o-r which 

cause the liberation of histamine, also produce a peculiar type of contrac-

tion when they are allowed to act on the glit preparation. In distinction to 

these substances, which produce slow contraction and delayed relaxation 
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following the washing out of the bath, histamine produces a rapid contrac-
• 

tion of the intestine, following by practically immediate relaxation, when 

the bath is washed out. Furthermore, the intestine becomes refractor;r to 

small doses of' these other substances, whereas it continues to give the same 

approximate response to repeated small doses of histamine. (Feldberg and 

Kellaway 1937; Feldberg and O'Connor 1937; Feldberg and Keogh 1937; 

Rocha E Silva 1938}. 

(d) Bronchi: - Various methods have been described f'or the registration 

of' the bronCho-constriotion which follows upon the action of histamdne when 

given intravenously in the guinea pig. 

Koessler, Lewi s and Walker ( 1927) described a method whereby the 

action of' 5 y of' histamine could be detected. Other techniques have been worked 

out by Thornton (1931}, Bartosch, Feldberg and Nagel (1932) and Dal:y and 

Schild (1935)o 

{e) Gastric secretion: - PopielSki {1920) noted that 3.3 y/kg bo~ 

weight of histamine produced gastric secretion in the dog. This method has 

been used extensively by Ungar and his eo-workers (1937}, who claim that no 

other substance cause. this action in such small doses. One hundred times 

this amount of' acetyl-choline is required to produce the same effect, and the 

action of acetyl-choline may .be inhibited by atDOJpine. (Gebhart and Klein 1933). 

Recently however it has been noted that kallikrein will stimulate gastric 

secretion (Ungar 1937). 

(f') Adrenal glands: - Histamine has the property of releasing or causing 

a secretion of adrenalin from the medulla of the adrenal gland. This was 

noted by Burn and Dale (1926) and Szczygielski (lg32). 

(g) Human skin: - If' the skin is pierced by plunging e. needle through 
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1 t at the site where a drop of histamine has been placed, a typical response 

is obtained as has been described above. 

"The Chemical Isolation or Histamine." 

Since this thesis is concerned mainly with the properties or 

histamine, and in particular with its metabolism, a review of the chemical 

methods of isolation would be out or place. Suffice it to say that the 

amine has been isolated usually as the picrate from intestinal mucosa 

by Barger and Dale (19ll),from gastric mucosa by Abel and Kubota (1919), 

and Bach, Ivy, Burgess and Vandolah (l932),f'rom hypophysis by Abel and 

Kubota (l919),rrom lung and liver by Best, Dale, Dudley and 'nlorpe (1927), 

from striated muscle by Thorpe (1928),from spleen by Dale and Dudley (1929), 

from heart by 'l'horpe (1930) and finally from blood by Code and Ing {1937). 
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~The Liberation of Histamine under Various Conditions.n 

Although the word histamine is used mostly throughout this section 

it must be remembered that in some of the work presented, the authors refer 

to histamine-like substance, or 'H' substance. Methods of identification will 

only be referred to as they have already been discussed. 

{l) The Liberation of Histamine-Like Substances by Nerve Stinn1lation: -

The work on this aspect of histamine liberation has been carried out 

for the most part by Ungar {1937) and his collaborators. They noted that 

during the antidronic stimulation or sensory nerves, and following the vaso

dilator response by means of the sensory {peripheral) axone-renex, a 

histamine-like substance was liberated into the circulation. Their criterion 

for this was based upon a secretion of the gastric juice, following stimu

lation (antidromic) of various nerves. 

In spite of their work, there is still some dispute as to what the 

active vaso-dilator substance really is. Wybauw (1936) believes it to be 

acetyl-choline, whereas Kibjakow (1931) is of the opinion that it is neither 

a histamine or acetyl-choline like substance. In some of their recent work 

Ungar, Parrot and Grossiord (1936) have produced evidenee that it may be 

kallikrein, since they found kallikrein in the saliva of a dog following 

stimulation of the lingual nerve and fUrther that kallikrein may stimulate 

gastric secretion (Ungar and Parrot 1936). 

Ungar {1935) was able to produce gastric secretion in dogs by 

stimulation of the peripheral end of the cut crural nerve. Stimulation of 

the central end, or of either end of a cut motor nerve was ineffective. 

Atropine did not inhibit this action (Ungar, Zerling and Pocoule 1935). 



Therefore the substance liberated could not have been acetyl-choline. 

Ungar and Zerling (1935) produced a secretion of gastric juice by reflex 

stimulation, i. e. stimulation of either the pressor or depressor nerves. 

It is known that stimulation of either the nerves from the aortic arch, 

or those from the carotid sinus produce a drop in blood pressure b.r a.: ~rc;p 

in bl:od ;rest"'e by a general reflex vaso-dilatation. (Bayliss 1908; 

Tournade and Malmejac 1933). These experiments were carried out on dogs with 

crossed circulation by anastomosis of the carotid and jugulars. Gastric 

pouches were also prepared. The depressor nerve, or the vagus was stimulated 

in dog A. This was followed by a lowering of the blood pressure, and a secre

tion of gastric juice in this animal. The second animal B, connected by' 

circulation only Showed a secretion of gastric juice also. Both animals 

were atropinized. It was also shown that placing of a dogts paw in water at 

500C would produce a gastric secretion in that animal (Tinel and Ungar 1935}. 

T.he.y believed that the liberation of the active substance in this instance was 

due to local axone-reflexes of the sensory nerves since following the degene

ration of sensory nerves after cutting no secretion was observed. 

Further experiments on the release of a histamine-like substance ~ 

organs by' the stinm.lation of nerves was performed. First it was shown that 

the production of emboli in lungs and bowel infarcts would lead to a· secretion 

of gastric juice in the dog. (Ungar, Contiades and Palmar 1935; Ungar, Gros

siord and Brincourt 1935). These lesions were produced by the injection of 

lYcopodium. It was fUrther Shown that injections of histamine into the mesenteric 

artery or stimulation of' the peripheral end of the cut splanchnic nerve would 

r~roduce these lesions as well as the secretion of gastric juice. Cross 

circulation experiments were also performed as previously described, and a 

secretion or gastric juice in the second animal was always observed. (Ungar, 

Contiades and Grossiord 1935; Ungar• Grossiord and Brincourt 1935). It was 



thought therefore that the local liberation of histamine at the site of the 

lesions was responsible for their production. Injection of lycopodium caused 

local axone-renexes from sensory nerves, or by direct antidromic stimulation 

of the cut splanchnic nerve wi. th the production of axone-reflexes and liberation 

of histamine. 

In further investigations, Ungar, Grossiord, Brincourt and Parrot (193ft 

Showed that certain branches of the phrenic were responsible for the liberation 

of the histamine-like substance. They therefore proposed calling them 

Whistaminergic". 

In this connection it should be noted that MacGregor and Peat (1931) 

were unable to show any change in the histamine content of cats lungs following 

stimulation of the phrenic. Riesser {1937) however noted an increase in the 

blood of' the guinea pig following stinmlation of the vagus nerve. 

Ungar, Parrot and Grossiord (1936) were able to produce gastric secre

tion in the atropinized dog by st~ulation of' the lingual nerve, whereas if' the 

animal were not atropinized, no secretion occurred. This was explained by the 

fact that fibres of the chorda t.y.mpani would release a histamine-like substance 

following stimulation. In the atropinized animal, this substance is liberated 

into the circulation and causes a secretion of gastric juice. In the non

atropinized animal however, it is secreted in the saliva, and gastric secretion 

does not occur. Evidence has been put forward to show that the vaso-dilator 

substance secreted in the saliva by stimulation of the chorda tympani, however 

is not histamine (Feldberg and Guimarais 1935). Ungar and Parrot (1936) have 

shown that gastric secretion may be produced by kallikrein, and they believe it 

to be the substance responsible ~or this action following stimulation of' the 

lingual nerve. In reference to this Feldberg (1937) makes the conment that 

all of the other findings of Ungar and his eo-workers, 1. eo production of 

gastric secretion following neiTe stimulation, :may be due to a release of' 
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kallikrein as well, and that one may perhaps speak of "kallikreinergic" 

nerves. 

Other workers have shown that substances such as acetyl-choline 

{Dale and Gaddum 1930) or vaso-dilator substances of unknown constitution 

may also be released by the antidromic stimulation of nerves {Kibjakow 1931) 

The observations of Ungar (1937) are therefore still open to question. 

(2) The Re1ease of Histamine during Metabolic Activity: 

(a) Circulatory change, oxygen want, or COg increase: - Disturbances 

of circulation, oxygen want, acidosis and other s~ilar conditions are all 

closely allied with reactive hyperemia and lead to an increase in the amount 

of demonstrable histamine in the blood. The method used in the extraction 

of the histamine in most experiments has been that of Barsoum and Gaddum 

{1935a) or the modification of it b,y Code (1937b). 

Barsoum and Gaddum (1935b) Showed that interference with oxygenation 

of the tissues by interference with blood supply or by a deficient amount of 

oxygen and also by the presence of an excess C02 content all produced an 

increase in the histamine content of the venous blood coming from the l~b 

of an animalo They believe that release of histamine is in part responsible 

for some of the phenomena of reactive hyperemia, and the experiments with 

carbon dioxide suggest that the release of histamine is a secondary consequence 

of the accumulation of acid metabolites. 

An.rep and Barsoum (1935) found no difference in the histamine content 

of the arterial and venous blood flowing through resting muscle. It was noted 

that histamine was increased in the venous blood when the perfusion pressure 

was lowered. They used the per:rused gastrocnemius muscle preparation of the 

dog as described by Anrep and von Saalfeld (1935). 



68. 

Using rabbits, Tar.ras~ahlberg (1936) was able to show that venous 

blood possessed a histamine-like action, whereas arterial blood did not. 

He took blood directly by cardiac punct11re and assayed it on guinea pig 

ileum. This histamine-like activity of the venous blood was increased by 

asphyxia and by haemorrhage. He extracted both plasma and whole blood by 

the method of Barsoum and Gaddum (1935§) and observed that whereas a marked 

increase of the plasma occurred after haem9rrhage, the total blood histamine 

was not altered. He therefore speaks of the 'free' and 'bou_Tld' histamine 

o~ the blood. These results are better explained by the work of Code (l937d) 

who demonstrated that the source of the blood histamine in the rabbit and 

other animals is the white blood cells. Therefore with destruction of these 

cells, histamine is liberated into the blood plasma. Tarras~ahlberg (1936) 

showed further that the histamine conte~t of the lungs increased following 

asphyxia in the cat and rabbit. He used one lung as a control in each case. 

Barsoum and Smirk {1936) examined the blood of normal individuals 

and patients with congestive heart failure. ·.Tnereas the histamine content 

of the blood of nonnal individuals varied between 0.05 - 0.11 y/cc, that of 

the blood of patients with heart failure varied from 0.08 - 0.3 y/cc. 

They found further that this increase occurred in the cell11lar elements, the 



histamine content of' the plasma being the same in both groups. They used 

the method of Barsoum and Ge.ddum {1935a) for the extraction of' histamine. 

On the other hand the production of reactive hyperemia in normal 

individuals was followed by an increase in the plasma histamdne. Since the 

hi stamina was increased in the plasma in these eases, it was free to produce 

its effects, that is to cause vaso-dilatation. In the eases of' heart failure 

on the other hand the excess hi stamina was bound to the cells and was therefore 

inactive (Barsoum and Smirk 1936). 

The observations of Eichler and Speda {1938) are interesting in this 

connection. They were able to demonstrate a decrease in the histamine content 

of' the plasma of' eats blood several minutes after the production of artificial 

hyperventilation for a few minutes. If the hyperventilation is stopped, the 

plasma regains its previous histamine content after two hours only. The same 

results were brought about by means of hyperventilation induced by other means 

such as hyperthermia or cardiazol. 

(b) During muscular contraction: - The theory that histamine is 

responsible in part f'or the hyperemia which occurs during muscular activity 

has been expressed by many workers. {Lewis and Grant 1924; Fleisch 1929; 

Anrep and von Saalfeld 1935). 

In 1930 Schulte made alcohol extracts of cat gastrocnemius muscle 

before and after subjection to maximal tetanus. These were assayed on guinea 

pig ileum and it was observed that the histamine-like aeti vi ty of' the muscle 

decreased to two-thirds its original value following stimulation. Similar 

results have been reported by Al.amt Anrep, Barsoum, Talaat and Wininger (1939). 

ihey do not state the method of extraction. 

Anrep and von Saalfeld (1935) showed that hyperemia in active 

muscular contraction takes place tmmediately after relaxation of the muscle, 

that the byperemia producing property is quite stable, and that it is not 



affected by eserine or atropine. In further experim.en ta Anrep and Barsoum 

(1935) dEmonstrated a release of histamine in the venous perfusate from the 

stimulated gastrocnemius muscle of the dog. Histamine was extracted by the 

method of Barsoum and Gaddum (1935a). They stated th~t the increase of the 

venous blood histamine was due to the activity of the muscle and not simply 

to nerve stimulation, since no release of histamine occurred if the nerve 

muscle preparation was first curarized and then stimulated. Anrep and 

von Saalfeld (1935) observed that curarisation of muscle did not cause the 

release of' any vaso-dilator substancee. 

However, Alam, Anrep, Barsown, Talaat and Weininger {1939) found 

that administration of curare even without stimulation of the muscle is 

followed by a far greater liberation of histamine than ever observed during 

contractions of the normal muscle. T.hs,y do not explain the difference in the 

results obtained in these experiments as compared to those described above. 

(c) Cardiac activity: - Using a heart lung preparation, Anrep, Barsoum 

and Talaat (1936) investigated the liberation of' histamine in the coronary 

blood during increased cardiac activity. T.he hi stamina content of the coronary 

venous blood was found to be higher than that of arterial blood. If' the heart 

was made to beat against a raised blood pressure or if its activity was increased 

by the action of adrenaline, an increase in the histamine content of' the 

coronary venous blood was observed, whereas the production of changes in the 

rate or stroke volume were ineffective. Since the increase of histamine was 

not found in the arterial blood, it was concluded that the excess histamine 

must be taken up by the lungs. Other workers however have shown that the 

histamine eontent of the lungs is not altered after the admdnistration of 

adrenaline (MacGregor and Peat 1931; Tarras-Wahlberg 1936). In isolated 

rabbit hearts, .An:rep, Barsoum and Talaat (1936) demonstrated a release of 

histamine following the administration of alrenaline, but were not able to 
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show any in the cat heart. Mareou and Parhon (1938) using the method of 

Barsoum and Ge.ddum. (1935a) extracted arterial and venous coronary blood trom 

a heart lung p~ation, before and after raising the blood pressure, and 

after the administration or ephedrine. An increase in the histamine content 

of the coronary venous blood was observed when heart activity was increased 

by raising the blood pressure by the action of ephedrine. They do not state 

whether their results are expressed as base or as one of the salts. 

In an attempt to repeat the work or Anrep, Barsoum and Talaat (1936), 

Code, Ev'ans and Gregory {1938) were unsuccessful. These workers were unable 

to demonstrate any increase in the histamine content of the venous perfusate 

either from heart lung preparations, or f'ran the isolated heart, using the 

method of Barsoum and Gaddum (1935) and the modification of Code (1937b) for 

the extraction of the histamine. They criticise the results of Anrep, Barsoum 

and Talaat (1936) by stating that although they found the cardiac venous blood 

to have a histamine activity ranging f'rom two to nine times as great as that 

of arterial blood, in only about 2% of the samples collected did the difference 

between the arterial and the coronary venous blood lie w1 thin the limits of 

accuracy of the method. 

(3) Liberation of Histamine 'by Cell Stimulation and Injuq. 

The liberation of histamdne from cells by stimulation or injury has 

been shown in many ways in recent years. Although it was postulated by many 

that histamine, or a histamine-like substance was released under various 

conditions such as the anaphylactic reaction in particular, it was not until 

1932 that such a demonstration was made by Bartosch, Feldberg and Nagel. 

Fqllowing these experiments, many other workers have shown the release of 

histamine b,y many other means, and these will now be considered. 



(a) Burns: - In 1927 Harris estimated the histamine content or the 

skin of the eat. He then compared this with the histamine content of skin 

which had been burned. If' the skin was removed immediately after burning, 

no change was observed. If' however it was allowed to remain intact for some 

time after the :formation of oedema and then removed, the histamine content was 

greatly reduced. 

Bennet and Drury ( 1931) :found that hi stamina-like substances were 

released into the pertusion fluid of the isolated cat heart after burning. 

In pertused hind extremities o'! eats and rabbits Nagamitu {1935) observed the 

release of a vaso-dilator substance in the venous perfusate after burning the 

skin. The vaso-dilator activity was in part destroyed by histaminase. 

Barsoum. and Gaddum (1936) found that an increase in total blood histamine 

occurred in man after burning of the skin. As a rule the blood histamine 

equivalent rose to from :four to six times its normal value four to six days 

after the burn. The greatest increase was observed at the time when symptoms 

of secondary Shock became manifest. However no clear evidence of any correlation 

between the level of histamine in the blood and the clinical condition of the 

patient was observed. It was thought that other toxic substances might be in 

part responsible for the condition of shock. 

Observations, similar to those of Baraoum and Gaddum (1936} on the 

increase of the blood histamine :following severe burns were made by Code and 

MacDonald {1937). other workers however believe that substances other than 

histamine may play a significant role in the production of the tissue changes 

and in the resultant symptoms :following severe burns. Wilson, J"efferey, 

Roseburgh and Stewart (1937) :found a toxic substance in the bladder contents 

or rabbits following burns, which did not resemble histamine. Rosenthal (l937a) 

found a substance in the blood of sb.oats one hour after they had been subjected 
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to burns, which was capable of contracting guinea pig uterus, but which lost 

its activity on being heated to 60°C for three minutes. The substance was 

not investigated fUrther. 

{b) Anaphylaxis: - Lewis {1927) expressed the view that anaphylactic 

skin reactions were only a special typ·e of cell injury and that the changes 

observed were due to the liberation of an 'H' substance. 

Since the early observations of Manwaring (1911} the liver of the 

sensitized dog has been thought to play an ~portant role in the release of 

vaso-dilator substances following the reinjection of the antigen. In 1925 

this vaso-dilator substance found in the blood coming from the liver of 

a sensitized dog, following the injection of an antigen, was found to be similar 

to hi stamina in that it was a vaso-dilator substance and contracted smooth muscle. 

(Manwaring, Hosepian, O'Neill and Moy). The same observations were made by 

Simon and Brandes {1927). 

Later observers were able to demonstrate the release of a substance 

with similar activity not only in the blood from the liver, but in the ~ph 

flow from this organ in anaphylactic shock (Dragstedt and Gebauer-Fuelnegg 1932). 

Tinel, Ungar and Zerling (1935) were able to show an increase in gastric 

secretion following the production of anaphylactic shock in the dog, which 

they believed to be due to the liberation of histamine. 

The release of histamine from the perfused lungs of a sensitized 

guinea pig after addition of the antigen to the perfusing solution was first 

demonstrated, and described by Bartosoh, Feldberg and Nagel (1932). ~ey 

identified the substance b,y various tests, and proved as far as possibe with 

the exception of chemical isolation, that the active substanee was histamine 
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1heir results were confirmed by Daly and Schild ( 1934) who further 

noted that the histamine released in the perf'using solution could be in-

activated by histaminase. They were able to demonstrate a release of from 

0 - 12.8 y of histamine from a pair of guinea pig lungs. Recently however 

Echague (1938) has been unable to demonstrate an increase in the blood 

histamine of the sensitized guinea pig ~ollowing the production of anaphylaxis. 

He used the method of Barsoum and Gaddum (1935a) and gave the normal amount of 

blood histamine content in this species as 0.45 - 0.57 y/cc without stating 

whether it was expressed as base or as a salt. 

The release of histamine by the antigen-antibody reaction has been 

demonstrated independently in vitro by Schild (1937) and Ungar and Parrot {1937). 

Schild sensitized guinea pigs with oval bumen, and after waiting about two 
""-" 

weeks, he killed the animals, and placed the various tissues in Locke solution 

after first washing them w1 th Ringer. Af'ter remaining in the Locke solution 

for ten minutes, they were removed and placed in Locke solution to which the 

antigen had been previously added, and were allowed to remain for ten minutes 

in contact with this second solution. Both solutions were then tested for 

histamine. No response was eliciated by the Locke solution which 4id not 

contain the antigen, whereas the second gave varying responses depending upon 

the tissue which had been immersed. Schild obtained the greatest release from 

the aorta., lungs and uterus, and smaller amounts fi-om the other organs. No 

histamine was released from the stomach, ileum or liver. 

The results of Ungar and Parrot (1937} dif:fer somewhat. They 

sensitized guinea pigs to horse serum and followed much the ~e procedure as 

that outlined by Schild. No activity was found in the solution to which liver, 

striated muscle or heart had been added. Medium activity was found in that 

containing spleen, brain or skin whereas the greatest activity was shown by 

the fluid in which lung, intestine or kidney had been placed. 
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Code {1938) made a detailed investigation of the blood histamine 

in dogs during anaphylactic shock, and was able to show that the blood 

histamine generally reached its max1nDJm within six minutes of the injection 

ot the antigen. 

(c) Peptone: - Although both Lewis (1927) and Dale {1929) had postulated 

that the histamine-like actions of peptone might be due to the release of 

histamine, due to stimulation of the cells by peptone, the first demonstration 

of such an action was not made until 193'1 by Feldberg and O'Connor. They 

perfu.sed the isolated lungs of' the guinea pig with fluid to whieh histamine

tree peptone was added, and noted a release of 3% of the total histamine 

content of the lungs. In cats lungs a loss of up to 1~ was observed. 

Dragstedt and Mead (1937) showed that the vaso-depressor substance liberated 

in the blood of the dog when it is given intravenous injections of peptone 

is histamine-like in character in that it causes a depression in the blood 

pressure of the anaesthetized cat under the influence of atropine. 

(d) Snake venom: - The similar! ty between the symptoms produced by the 

injection of snake venom of histamine, and those of anaphylactic shock has 

been noted by various observers. (Kellaway 1929; Essex and Markowi tz 1930). 

Kellaway (1929) thought that histamine may be liberated by the cell destruction 

caused by the action of snake venom. Recently Feldberg and Kellaway tl937a) 

(1937b) were able to demonstrate the release of histamine from the perfused 

lungs of the guinea pig and the cat by the action of snake venom introduced 

into the perfusion tluid. They investigated three different snake venoms, 

that ot the Australian Gopperhead (Denisonia SUperba), the Indian cobra 

(Naia Naia) and the North American rattlesnake (Crotalus Atrox). Results 

trom. the use of these three venoms varied only quantitatively. All three 

caused bronoho-constriction, swelling ot the lungs due to aceumula tion of 



fiuid and the appearance of glassy patches. That the histamine assayed 

in the perfusates was part of the original histamine content of the lungs, 

and not histamine produced by the action of the venom itself, was shown as 

follows: The histamine content of different sections of the left and right 

lungs was estimated and the values were shown to be within 10%. They made use 

of this as a control. This was done by first removing one lobe and estimating 

ita histamine content. The rest of the lung tissue was then perfused with 

Tarious substances, and at the end of the experiment, it was extracted for 

histamine. The difference in the amounts of the two sides indic~ted the mnount 

of histamine released from the pertused 1ung. 

In unpublished results Feldberg and Kellaway (l937c) were able to 

show that cobra snake venom will cause the release or histamine f'rom ·doge. 

liver. T'.aey also showed that there is a parallelism between the original 

histamine content of the lungs and the effect of the venom. Young kittens, 

in whom the histamine content of the lungs is low show less symptoms from snake 
c 

venom than do old ~ats in whom the histamine content of the lung is high. 

Feldberg and Kellaway (193'lb) •• However the aruotm.t of cell injury varied in this 

same way, that is greater cell injury and destruction occurred in the lungs of 

older cats, than in young kittens. Dragstedt, Mead and EYer (1937) studied the 

effect of intravenously injected crotalin (Crotalus Atrox) in the anaesthetized 

dog. They confir.med the finding of Feldberg and Kellaway (1937a) that histamine 

may be liberated by the action of crotalin, bu~ came to the conclusion that the 

amount of liberated histamine is inadequate to account for the degree of vascular 

reaction producedo 

{e) Bee venom: Feldberg and Kellaway (1937d) demonstrated that bee venom 

had the power of liberating histamine tram the pertu.sed lungs of the guinea pi;g 

when it was added to the perfusion f'luid. They used a solution of bee venom 
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containing the equivalent or 50 stings per ce. The rate of release of 

histamine increased in the first 60 - 90 minutes after the injection and then 

decreased. They later (1937e) showed that histamine is liberated from the 

perfused lungs and liver of the dog. 

(f) Staphylococcus toxin: - Bacterial poisons were also considered by 

Lewis (1927) to act in part by a liberation of 'H' substance due to cell injury. 

Feldberg and Keogh (1937) were able to show that histamine could be liberated 

from the perfused lungs of the guinea pig and cat, by the action of 

staphylococcus toxin• They chose this particular bacterial toxin because it is 

known to have a much shorter latent period in the production of symptoms than 

most others (Kellaway, Burnett and Williams 1930). A latent period of about 

10-40 minutes after the administration of the toxin was followed by an output 

or histamine from the perfused lungs. With the doses of toxin used, the histamine 

output amounted to between 4 and 15% or the original lung histamine. 

In later observations Feldberg, Kellaway and Keogh (1937) noted that 

increasing the toxicity of the staphylococcus toxin did not cause a greater 

release of histamine. They explain this by the fact that the toxin injures 

certain cells only, in particular those of the peribronchial district, and 

once the histamine is liberated tram them, no other cells are left upon which 

the toxin may act. 

(g) Chemicals: - Bartosch (1936) perfused the isolated lungs of the 

guinea pig, and allowed various substances to enter the tracheal cannula. A 

dose of 0.02 cc of heptan, octan, benzol, toluol or petroleum ether caused 

fixation of the lungs and the release of histamine in the perfusion fluid. The 

first three substances were most active in causing a release of the amine. 

~her, chloroform and chlorethyl did not have any effect. 

Analagous results were found by perfusion of the rabbit ear with 

these substances. 



Similar results were obtained by Garan ( l938b) who demonstrated 

a release of histamine trom the isolated perfused lungs of the guinea pig 

b.Y the inhalation of ammonia, acrolein ehlorpilarin and toluol. 

Heubner and Baehman (1937) found that perfusion of the intestine 

of the etherized cat with H8Cl2 caused a liberation of histamine in concen

tration of 0.02 - 0.1 mg%. Arsenic and sodium cyanide did not possess this 

property. Similar experiments on the rabbit however were negative. 

(h) 'l'rypsin: - Recently the effect of trypsin has been studied by 

Roche E Silva ( 1938). He found that the addition of trypsin to the perfusing 

fiuid of an isolated guinea pig lung preparation would cause a release ·of 

histamine in the venous perfusate. He employed the method of Code (1937b) 

for extraction. 

(1) CUrare: - That curare had a peculiar effect on the isolated perfused 

gastrocnemius muscle preparation of the dog was noted by Anrep and Barsoum (1935a)t 

Alam et al (1939) as has been mentioned previously, have made the observation 

that the administration of paralysing doses of curare to such a preparation 

causes the release of large amounts of histamine. The nature of the mechanism 

does not depend upon the paralysing action of curare on the motor nerve endings 

since the effect is observed also after degeneration of the muscle nerve. They 

concluded that the histamine which appears in the venous perfusate by the 

action of curare on muscles, is not formed from some precursor substance in 

the muscle by curare, but is liberated from the muscle tissue where it must 

exist in loose combination. This was shown by the fact that ext~action of 

the muscle before and after curare could accotmt for the amount of histamine 

liberated in that the histamine content of muscle was always diminished by 

an amount equal to that liberated in the venous perfusate. 



( j) Ultraviolet light: - Following the expo sure of human skin to 

sunlight, or to ultraviolet rays of a wave length of about 300 m. u., a 

vaso-dilatation of the blood vessels of the skin and erythema occurs, usually 

within an hour of the exposure. The changes resemble those observed in the 

'triple reaction' as described by Lewis, and according to him are due to a 

local release of the 'H' substance. This response is the general reaction of 

the skin to st~ation or injury and varies only in the latent period of 

onset with different types of stimuli. 

El.linger (19213) observed that hi stamina could be produced from 

hm~tidine by the action of ultraviolet light of a wave length of 250 m. u. 

Only about one five-hundredths of the histidine was deearboxylated. Ellinger 

believed that this may be the sequence of events in human skin following 

irradiation, namely that hi stamina might be derived from histidine rather than 

existing in the tissue as such in loose combination. However he was not able 

to demonstrate an increase in the histamine of the skin after exposing various 

areas of the body to ultraviolet light, using guinea pigs ahd swine. 

Bourdillon, Gaddum and J"enkins (1930) repeated Ellinger's (1928) 

work and foimd that whereas ultraviolet light of a wave length of under 

265 m. u. would produce histamine from histidine, such light could not penetrate 

human skin, and was not found in sunlight. They also noted that light of a 

wave length of 300 m. u. which is found in the atmosphere and will cause erythema 

of skin has not the capacity to produce hi stamina :rrom histidine in vitro. On 

these grounds Ellinger' s theory is rejected by Gaddum and Dale (1936). 

Other workers (Kawazuehi 1930; and Isobe 1936) have observed an 

increase in the histamine content of the skin of guinea pigs and rabbits 

following irradiation with u1 travio1et light. Tarra.s-wahlberg {1937) has 

recentlY studied the effect of ultraviolet irradiation of the skin of rabbits 

and cats. He does not state what wave length was used. Using one side of 
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the body as eontrol, he exposed areas on the opposite side for varying 

lengths of time. The akin was removed at times anywhere from five minutes 

to f'our days after the exposure. It was then extracted by the method of 

Barsoum and Ge.ddum (1935a). He noted an increase in the weight of the skin 

ot both species due to oedema followed by a decrease in weight. In the 

rabbit, a rise in the histamine content of the skin was noted, occurring 

after five minutes and then reaching its maxinntm in 24 hours, followed by 

a progressive decrease to zero in 48 hours. In the cat however, the histamine 

content of the Skin began to decrease immediately and fell progressively to 

zero by the third day. Tarras-Wahlberg explains these findings on the 

'skin-blood-histamine' quota. Rabbit skin contains 14.7 y per gram, and the 

blood histamine is 7.3 y per cc according to him. This gives a ratio of two. 

In the cat however, the skin contains 30.8 y histamine per gram, and the blood 

has a histamine content of 0.015 y per cc giving a ratio of 2000. Thus 

increased blood flow and transudation following irradiation carries much more 

histamine to an area in the rabbit than it does in the cat. He believes that 

this explains ·the differences previously reported. It Should however be noted 

that conflicting results have been given for the same animal. 

(k} Schwartzman reaction: - If a rabbit receives an intradermal injec

tion of a bacterial filtrate which is followed twanty-four hours later by 

an intravenous injection of the swne or another filtrate, a localized reaction 

at the site of the first injection will occur within one half to one hour 

following the second or intravenous injection. This reaction is usually of 

an acute haemorrhagia variety. It will occur in any locality in the animal, 

prov-iding that a primary injection has been made. This is known as the 

Schwartzman phenomenon. {Schwartzman 1936). 
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Rocha E Silva and Bier {1938) estimated the histamine content of 

rabbit skin, using the method of Code (1937b) in normal rabbits and in 

rabbits in which the Schwartzman phenomenon had been produced. Histamine 

content of nonaal rabbit skin was found to vary from 4.27 to 12.7 y per gm, 

with an average of 7 .o y per gm. (They do not state whether or not this 

is expressed as base). 

Fragments of skin removed rrom haemorrhagia si tm immediately 

following production of the Schwartzm.an phenomenon varied from 12.5 to 

56.0 y per gm, and a decrease was noted in one specimen taken 24 hours 

after the second injection, however the skin taken from uninjected areas 

showed higher values than normal, one being 25 .s y /gm. 

They believe that histamine is liberated during this phenomenon 

therefore and acts as an adjuvant by enhancing fragility and permeability, 

thereby producing haemorrhagia areas. 

(1} Inflammation: -
U ~ ING-

De:~£58 ~various irritants Loos {1935) 
I 

produced inflammatory changes in rabbits ears. The histamine content of the 

ears was determined by a method of extraction in which the tissue was treated 

with alcohol and the proteins precipitated with phosphotungstic acid. Final 

assay was carried out on the guinea pig ileum. A 40% increase of the histamine 

content of ears in which inflammatory changes had been produced was observed 

in some cases. 

Riesser (1937) found that the histamine content of the skin of the 

rabbit increased from four to five times the normal amount after the production 

of inflammatory changes caused by the injection of an irritating substance 

such as Imlstard oil o 

Recently Bier and Rocha E Silva (1938b) have shown that the injection 

of extracts made trom the skin of the rabbit would produce the same result 

as histamine, if injected subcutaneously in the rabbit. They infer that these 
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extracts contain histamine, and that this histamine is responsible for part 

of the inflammatory changes, namely increased permeability of the capillaries 

and vaso-dilatation. 

{m) Trauma: - Minard (1937b) using an electrodialysis method for the 

extraction of histamine rrom blood observed an 80% increase of the histamine 

content in the venous blood from the traumatized l:lmb of the dog. No change 

from the normal was seen either in arterial or venous blood before trauma was 

inflicted or after the animal was in profound shock. Holt and Ma.cDonald (1936) 

however, as well as MacDonald and Woolfe (1938) were unable to demonstrate any 

constant or significant increase in the histamine content of the venous blood 

from traumatized limbs of cats, as compared with that obtained from normal 

limbs. They took their specimens usually just before the death of the animal 

however. Both of these workers used the method of Barsoum and Gaddum (1935a). 

(n) Intestinal strangulation: Aird and Henderson (1937) demonstrated a 

release of from 0.5 to 4.0 mg of histamine (base) in the exudate surrounding 

a loop of strangulated bowel in cats. The exudate was collected by surrounding 

the isolated bowel with a rubber bag. They used the method of Barsoum and 

Gaddum (l935a) for extraction of the exudate. 

Using the method of Yokoyama (1936) Akiyama (1937) extracted the 

tissues of the dog in which he had produced intestinal obstruction by removal 

of a small piece of bowel, and ligature of the blind ends. An increase of 

five times the normal hi stamina content was observed in the lung and liver, 

whereas the kidney histamine content was increased 16.5 times the normal. 

Maycock (1938) using the method of Barsoum and Ge.ddum (1935a) has 

Shown that histamine may be liberated in the peritoneal transudate surrounding 

short non-viable loops of intestine and that the total depressor action of 

such transudates may be accounted for by histamine and choline. 
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( o) Insulin shock: - It has recently been shown (Bartelheimer and 

Afendulis 1938) that histamine :may be liberated into the blood of the guinea 

pig following the production of insulin shock. The increase is observed 

at the height of the shock. Insulin alone is ineffective if' shock-producing 

doses are inhibited by the administration of' glucose. EXtraction of the 

blood was carried out by the method of Barsoum and Gaddum (l935a) and 

assayed by the cats blood pressure method. 

(p) Portal obstruction: Gulzow and Afendulis (1938) produced portal 

obstruction in dogs by partial to complete ligature or the portal vein. 

Complete obstruction causes death within two to five hours. Lesser degrees 

of obstruction produces a shock-like condition, concomitant with the 

appearance of e. severe gastritis and of' a marked increase in the portal 

and systemic blood histamine as assayed on the blood pressure of the 

anaesthetized cat under the influence of atropine. 



"The Role of Histamine in Various Pathological 
Conditions. 

Recent as well as earlier observations have indicated that histamine 

may play a major role in the production of various symptom-complexes such 

as the anaphylactic reaction and in the production of Shock-like conditions. 

These will now be discussed. 

A. Anaphylactic Shock: 

Discussion of the earlier theories of anaphylactic shock will not be 

entered into here, suffice it to say that they have for the most part been 

discarded. This subject is of' interest in this discussion mainly because of 

the fact that the majority of the symptoms observed in anaphylactic shock have 

a marked similarity to the symptom complex which :follows upon an intravenous 

injection of' histamine in the same species of' animal. 

Portier and Richet (1902) made the first observations on the sensitizing 

of an animal to a naturally occurring protein. This was produced in the dog 

by the parenteral administration of a protein in ~blethal doses, to which 

the an~ became sensitive. T.heobald Smith (1906) then showed that a guinea 

pig might become very sensitive to an injection of horse serum if a small 

dose of this harmless substance had been previously injected. This was con-

firmed by other workers, and it was established that the condition of hyper. 

sensitivity was dependent upon the production of antibodies. 

Weil (1913) showed however that the condition of anaphylaxis brought about 

b,y the artificial production of antibodies, was increased as these antibodies 

disappeared from the blood and reached its peak when the antibodies completely 

disappeared from the blood stream. 



In the meanwhile the observations of various workers pointed 

towards a marked similarity between the s,y.mptoms of anaphylaxis and peptone 

shock (Biedl and Kraus 1910) and those produced by an intravenous injection 

of' histamine (Dale and Laidlaw 1910). It was noted that in the guinea pig 

an acute emphysema occurred in anaphylactic shock due to extreme spastic 

bronehiolar constriction. In the dog on the other hand there occurred marked 

congestion of the liver and of the portal circulation, accompanied by 

collapse of the general circulation due to peripheral vascular dilatation. 

Certain differences were also apparent. The most outstanding one being that, 

whereas the coagulability of the blood was little affected by histamine, 

peptone usually caused a slight retardation in coagulation t~e and marked 

prolongation of the coagulation t~e was always noted during anaphylactic 

shock. 

In the rabbit, the resemblance between histamine shoCk and ana

phylactic shock was established by the work of Coca (1914) who showed that 

constriction of the pulmonary blood vessels with failure of the right heart 

occurred in both. 

The great difficulty encountered in the attempt to produce ana

phylactic shock in mice and rats is paralleled by their marked resistance 

to histamine. It is also notable that following adrenalectomy the resistance 

ot these animals to histamine decreases markedly and anaphylactic shock may 

be produced {WYman 1929; Suden 193?). 

In (1911) Manwaring had observed that anaphylactic shock in the 

dog was associated with the appearance of a substance in the blood which 

resembled histamine in its action. He la.ter showed that anaphylactic shock 

could not be produced in dogs and guinea pigs, in which the liver had been 

previously removed. Since ranoval of the liver did not affect canine histamine 
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Shock according to Manwaring (1922) and his associates, he concluded that 

canine histamine peptone and anaphylactic shock were not identical physio

logical reactions. In a recent publication, however, it has been noted that 

anaphylactic shock lll8Y be produced in dogs in which the liver has previously 

been removed (Waters, Markowitz and jaques 1938). 

It was not until 1927 that Lewis proposed the theory of the 

liberation of histamine on the basis of a release of this substance trom 

cells by means of stimulation or by injury of some sort. He devised many 

types of' experiments to show that the 'H' substance as he termed it, could 

be released from cells by stimulation, and in his laboratory, Harris (1927) 

showed that following severe scalding the histamine content of the skin of 

the cat we.s diminished. Although no experiments had as yet been carried out 

to show that the anaphylactic reaction may release histamine by cell injury, 

Lewis included this in his theory. This was emphasized by Dale (1929) who 

postulated that intracellular reaction between antigen and antibody causes 

cellular injury whieh liberates histamine and other substances. 

On such a basis then it became easier to understand why the injection 

of an antigen into a sensitized guinea pig produces death from suffocation, 

since the release or histamine which would be presumed to occur would act on 

the sensitive bronchial musculature in the same way as did an intravenous 

injection or histamine. And in the dog, the liver becomes engorged with blood 

due to narrowing of the hepatic veins, which are constricted by the action of 

released histamine. 

Direct evidence for the proof of this theory was lacking although 

Manwaring ( 1911) had stated that the blood of a dog in anaphylactic shock had 

histamine-like qualities. In 1932 Gebauer-Fuellneg, Dragstedt and lbllenix 

noted that the thoracic duct lymph of a dog in anaphylactic shock contained a 

substance which because of some of its physiological and chemical properties 
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mnst be histamine. 

The first completely worked out evidence in support of the histamine 

theory in the guinea pig however was produced by Bartosch, Feldberg and Nagel 

(1932). These workers demonstrated the release of histamine in the venous 

perfusate of the isolated lungs of the sensitized guinea pig following intro

duction of' the antigen. This and subsequent observations {Daly and Sehi1d 1934; 

Schild 1937; Ungar and Parrot 1937 etc. ) have already been described in a 

previous section. 

It was further shown by Schild (1936) that the quantity of histamine 

released by the lungs varied with the degree of sensi tisation and is proportional 

to the response of the vascular and bronchial musculature. In order to 

establish whether contraction of smooth muscle 'per se' could cause the release 

of histamine, he added barium chloride to the perfusing solutiono This caused 

marked smooth muscle contraction with resulting broneho-constrietion. No 

release of histamine however was observed. 

Since certain substances have been shown to cause anaphylactoid 

reactions {Hanzlik and Karsner 1920) in the guinea pig, these were also 

investigated. Addition of kaolin, agar, KCl and CaCl2 produced an anaphylactoid 

response of' the guinea pig lungs, but in no case was histamine releasedq 

Schild concluded therefore that smooth muscle contraction does not 

release histamine, and that the liberation of histamine in anaphylaxis is 

responsible for the effect on smooth muscle. 

The question as to whether sensitisation of an animal by means of 

subcutaneous injection of a foreign protein might alter the histamine content 

of tissues was investigated by Watanabe (1930), who was able to show an 

increase in the lung histamine of the sensitized guinea pig, as compared with 

that of the normal animal. The average histamine content for nonnal lung 

tissue was given by him as being 22 y / f!JIJ., whereas that obtained atter 



aa. 

sensitisation was found to be 80 Y/f!JD.• He further showed that following 

the production of anaphylactic Shock in the same an~l, there was a decrease 

of the lung histamine content to 3 y/(!JJJ. in 24 hours. The histamine content 

of' the lung tissue was determined by IIlflking alcoholic extracts and assaying 

these upon the blood pressure of the atropinized anaesthetized eat. 

However no other workers have been able to confirm these results 

using newer methods. {Bartoseh, Feldberg and Nagel 1932; Daly, Peat and 

Schild 1935). 

The recent work of' Code (1938) has demonstrated clearly that the 

production of' symptoms of' anaphylaxis in the dog, that is the marked drop in 

blood pressure etc. are coincident with the release of' histamine into the 

blood plasma. This is of great significance, for it is known that large 

intravenous doses of' histamine may be tolerated by the dog when injected 

slowly. It would seem therefore that the symptoms are dependent upon the 

rapid release or histamine into the blood plasma, where it is free to exert 

its action. 

Although it is now accepted that cell injury which occurs by the 

intracellular reaction of an antigen with the antibody causes a release of 

histamine, other substances may also be released. For instance, the prolon

gation or blood coagulation time, especially prominent in the dog during 

anaphylactic shock does not occur by the action of histamine itself. This 

change in the blood coagulability has been explained by the release of anti

thrombin-like substances (Nolf 1917). It was believed that the antithrombin

like substance was released fran the liver and this has been verified by the 

work of Waters, Markowi tz and Xaques (1938). They first produced anaphylaxis 

in normal dogs, and estimated the heparin released in the blood, confirming 

the findings of Eagle, 7ohnston and Ravdin (1937}, and of Quick (1936) for 

peptone Shock. There is a marked release of heparin within the first ten 



minutes after injection of the antigen into an etherized sensitized dog, 

or after twenty minutes following the injection of peptone into a normal 

dog. Another dog was previously sensitized to horse serum, to which 1% alum 

had been added. Six weeks after, the liver of this animal was removed and 

the antigen given intravenously (20 cc normal horse serum}. There was a 

marked reaction typical of anaphylaxis with fall of blood pressure. In this 
l-1\\IS T 6E. T++-e. \-HIE.~ 

an~ however, no heparin was liberated, indicating that its source in the 
1\ 

anaphylactic reaction.ft&s P&isea the ~Qestioa as to wheth&P o» Dot histamiae 

Wachstein (1933) added antigen to isolated strips of guinea :pig 

and rabbit heart muscle from normal and sensitized animals. He found no 

difference in the response and came to the conclusion that the increase in 

the rapidity of the heart beat was due to the liberation of histamine from 

the lungs in anaphylactic Shock. 

Went and Lissak (1935) were able to demonstrate that choline was 

liberated from the heart during anaphylaxis e.nd that this was responsible 

for the changes occurring in this organ during anaphylactic shock. They 

were able to inhibit the production of shock in the isolated sensitized 

heart after administration of the antigen by atropinisation of the organ. 

It was further Shown by Lissak and Kokas (1935) that the production of a 

drop in blood pressure, bronchosparm and contraction of the spleen, occurring 

during anaphylactic shock in the dog, could be reproduced by the action of 

choline injected intravenously. They believe therefore that the symptoms 

of anaphylaxis in the heart are due to the action of choline. 

Recently however Cowles and Andrus {1938) have noted that the 

effect of histamine or of the anaphylactic reaction are identical in the 

isolated heart of the guinea pig. The.y made the interesting observation that 

although the rate and amplitude of the heart beat were increased, there was 
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marked reduction in the rate of now through the coronary vessels. It was 

noted that whereas atropine did not af~ect the rate or amplitude of the 

heart beat, the constriction of the coronary vessels was suppressed in both 

cases. 

The observations of Went (~938) and of Cowles and Andrus {1938) 

explain the inhibiting action of atropine in anaphylactic shock, in the 

guinea pig, but the Opinion of Went (1938) that the response of the heart 

to anaphylactic shock is due to the liberation of choline-like substances 

is not in accordance with the findings of Cowles and Andrus (1938),for Went 

and Lissak ·(1935) state that the response of the heart of the sensitized 

guinea pig to the antigen is characterized by a definite arrythmia followed 

by heart block and finally a return to normal. Cowles and Andrus (1938) 

on the other hand observed an increase in both the rate and amplitude. There 

was also some arrythmia. Ratnott ( 1939) produced varying degrees of ana

phylactic shock in rabbits. He was unable to demonstrate any release of 

acetyl-eholine, although the shock was severe enough to cause death of the 

animal. 

The role of the sympathetic nervous system in both anaphylactic and 

histamine shock has been studied by Lissak and Hodes (1938). Removal of the 

s,r.mpathetic nervous system does not affect either histamine or anaphylactic 

shock according to these workers. The drug 933 F (piperidinomethyl-benzo

dioxane) inhibits the action of anaphylactic shock but does not alter the 

effect of histamine. Ergotoxine has no effect on either type of shock. 

These studies were carried out on cats. 

The production of anaphylactic shock has been observed following the 

administration of' antigen to sensitized mo_nk:eys after deeerebrat.ion carried 

out just before the administration of the antigen. (Davidofr, Kopeloff and 

Kopeloff 1937). 
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Bo Peptone Shock: 

As early as 1880 it was known that intravenous inj actions of :peptone 

produced profound shock in animals ( Schmidt -Mtfhl heim). Biedl and Kraus ( 1910) 

showed the marked similarity of this type of shock to that produced by histamine 

and the anaphylactic reaction. Later when histamine was found to be a con

stituent of peptone (Abel and Kubota), it was thought that this histamine was 

responsible for the production of the s.y.mptoms, even though it was present in 

very srnal 1 amounts. This was dispelled by the work of Hanke and Koessler 

(1920) who produced peptone shock with histamine tree peptones. It was further 

observed that the injections of peptone into dogs lead to a rapid desensitisation 

of this animal to peptone. (Biedl and Kraus 1910; Abel and Geiling 1924). 

The incoagulabili ty of the blood produced in :peptone shock has also been 

observed by many workers (Biedl and Kraus etc.). 

In 1937 workers from two different laboratories, Dragstedt and Mead 

in the United States, and Feldberg and ~·Connor in Australia demonstrated the 

release of histamine by the action of peptone. Dragstedt and Mead using dogs, 

observed the liberation of hist~ine into the blood and lymph following the 

intravenous injection of peptone. Feldberg and O'Connor observed the same 

phenomenon in the isolated perfUsed lungs of the guinea pig and cat. According 

to these latter workers, the cell injury produced by peptone in the lung 

resembles that caused by the anaphylactic reaction and the amounts of hi stamina 

liberated are of the same order. 

The incoagulability of the blood produced by peptone is regarded as 

a direct action of this substance, since it is not produced by histamine. The 

work of Waters, Markowitz and jaques (1938) has shown that it is due to the 

release of heparin from the liver by the action of peptone. 

The desensitizing action of repeated doses of peptone has been studied 

in relationship to anaphylactic shock in the dog by Mead, Dragstedt and ~er (193~ 



They have shown that it cannot be due to a depletion of the histamine 

stores in the tissues of the body, since desensitizing against peptone by 

repeated doses of this substance protects the animal against the action of 

peptone, but will not protect against the production of anaphylactic shock 

in a sensitized animal. That is histamine is still present in sufficient 

quantities to produce anaphylactic Shock, even though the animal might 

be refractory to peptone. This also diminishes the possibility that the 

production of' peptone may be an intermediate step in the anaphylactic 

reaction, since if this were so, desensitization against peptone would also 

protect against anaphylaxis. 

0. Histamine in Relation to Allergy: 

Although it is now definitely established that histamine is one 

of the basic factors responsible for the production of the anaphylactic 

~ptom complex, the evidence is not as convincing with regard to its 

relationship to allergic manifestations in man~ It is convenient to divide 

the various conditions into two large groups, those on the one hand which 

are supposedly due to the sensitisation by foreign proteins or chemicals 

and those which are due to changes in physical environment. 

On the basis of what has been written in the previous sections 

however it is assumed that such manifestations are due to the liberation of 

hi stamina or hi stamina-like substances from the cells of various parts of 

the body. 

It is convenient to assume that since all of these manifestations 

are due to the release of histamine by cell injury or cell stimulation, then 

the type and location of allergic manifestations will depend upon which cells 

have become sensitized. In the case of asthma, one supposes that certain 

cells of the lung are sensitive, in mucous colitis,those of the intestine, 



in urticaria, those of the Skin etc. Evidence for this has been provided 

by the following workers. 
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Kalk (1929) demonstrated a secretion of gastric juice in patients 

with marked denna.tographia. Production of wheals by sdratching was followed 

b,y a marked increase in the acidity of the gastric juice, due presumably 

to the liberation of histamine into the blood. Normal individuals gave no 

response. Grant, Pearson and Comeau (1936) have described the production of 

urticaria, erythema and wheals in patients responding to heat, exercise and 

emotion. 

The occurrence of achlorhydria in patients with asthma, mucous 

colitis and ~ronic skin disease has frequently been noted (Voss and Voss 1937) 

{Hurst 1936). That the achlorhydria in these conditions is probably due to 

the chronic liberation of histamine has been demonstrated by Voss (1938) 

who produced achlorhydria in rats by the chronic administration of histamine. 

With the recent development in technique for the determination of 

histamine in the blood, investigation of the blood histamine in man during 

asthmatic attacks, urticaria, migraine and serum sickness has been done. 

These will now be considered. 

(1) Urticaria: - Cerqua {1936) using the method of Barsoum and Gaddum 

(1935) obtained an increase in the blood histamine in six cases of urticaria 

in acute attacks. His figures are 0.18 - 0.3 y/cc. {normals Oo05 - 0.06 y/cc). 

After six hours the blood histamine returned to 0.08 - 0.10 y/cc. 

(2) Serum sickness: - Cerqua {1936) was unable to demonstrate any in

crease in the blood histamine during the crisis of serum sickness. Parrot (1938) 

on the other hand noted a slight rise (0.17 y/cc) in three patients. 
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(3) Asthma: - Code and Ma.cDonald (1937) were unable to demonstrate a 

rise in the histamine content of the blood of asthmatics, nor in 18 cases of 

chronic bronchi tiso Similar findings were reported by Riesser (1937). 

Cerqua (1936) on the other hand was able to demonstrate an increase. He 

obtained figures as high as 0.25 y - 0.3 y/cc in patients during asthmatic 

crises. Normal or slightlY raised values were found between attacks. 

Parrot {1938) noted a moderate rise in two cases. 

The possibility that acetyl-choline might be a factor in the 

production of asthma led Milhorat ( 1938) to study the choline esterase 

content of the blood of such patients. In the five which he examined great 

variation was noted, indicating that no definite increase or decrease of' 

acetyl-choline was present in the blood of such patients. 

In 1930 Knott and Oriell demonstrated the presence of a histamine-like 

substance in the sputum of patients suffering with asthma. They used si.Inple 

saline extraction. Using a more reliable method, Riesser (1937) was able 

to confirm this finding. 

(4) Migraine:- Parrot {1938) examined the blood of patients suffering 

from migraine, and noted rises in the histamine content of the blood occurring 

within fifteen minutes after the onset of the attack. He also observed 

that a histamine-like substance appeared in the urine. 

As with cases of asthma, Parrot ( 1938) was able to precipitate 

typical attacks in patients suffering from mdgraine by the injection of 

histamine subcutaneously. He notes however that in the actual migrainous 

attack, and in that provoked by an injection of histamine, the ~ptams are 

coincident with a rise in the blood pressure which he believes is the cause 

of the symptoms. The rise in blood pressure is perhaps due to the action of. 

hi stamina on the adrenal a in which a release of adrenaline occurs as is 

known to occur (SzozygieBld. 1932). 
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(5) PpYsical Allergy: - Hypersensitiveness to cold has been studied 

by Horton, Brown and Roth (1936) and a review of the subject was presented 

by Goodson (1938). It differs from the type of allergy first discussed in 

that the allergic manifestations are apparently brought about by physical 

changes, i. e. collapse due to exposure to cold, urticaria due to overheating 

or sunlight. 

In such patients there is a sensitivity to certain physical agents 

which is inherited in many cases. Just what determines this sensitivity is 

unknown, however the production of the s.r.mptoms, i. e. fall in blood pressure, 

urticaria etc • may well be due to the release of hi stamina from the stinm.lated 

or injured cells, just as the release or histamine by antibody-antigen 

reaction causes histamine to be released in cases of allergy. 

The recent work of Karady (19!9) is interesting in this respect. 

He took guinea pig serum and exposed part of it to heat and another part 

to cold without causing precipitation of the proteins. The serum was then 

injected into guinea pigs. After a period of incubation, he again reinjected 

similarly treated serum into the sensitized animals. It was noted that 

anaphylaxis was produced by the serum exposed to cold in those animals 

sensitized with such serum, whereas the giving of a provocative dose of 

serum exposed to cold produced no s.y.mptams in animals sensitized to heated 

serum. 

Going one step further, one group of guinea pigs was treated by 

immersing the hind limbs into ice water for a few minutes. A second group 

was treated by immersing the hind limbs into hot water (60°0). After an 

interval of two weeks, both groups were exposed to the same treatment. 

Anaphylactic symptoms appeared only in those animals which were exposed to 

the same treatment which they had received previously, i. e. re-exposure to 

cold produces the symptoms of anaphylaxis, whereas exposure to cold followed 
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in two weeks by exposure to heat produced no symptoms. 

Karad.y (1939) believes that the extreme heat or cold causes changes 

in the proteins so that they may then act as antigens and refers to these as 

'endoantigens'. 

Recently however evidence has been presented which does not support 

the view that histamine is responsible for the production of the allergic 

wheal. 

Abramson and Alley {1937) developed an iontopheric method which 

permits the detection of histamine in dilutions as high as 1 : 5 000 000 

by the formation of wheals in the human skin. When hi stamina is administered 

by the galvanic current so that a wheal forms in the human skin, the positive 

pole is applied to force the positively charged histamine ions into the skin, 

with the subseqnent production of a histamine wheal. Abramson, Engel, 

Lubkin and Ochs (1938} further found that if the negative pole be applied to 

the surface of a histamine wheal (formed previously b,y either direct intro

duction of histamine as in the scratch test, or by iontophoresis as described 

above) sufficient histamine is transported out of the wheal by this reversed 

iontophoresis to form secondary wheals in new areas of the skin. 

They then produced wheals in sensitive patients using (~) ragweed, 

(2) timothy; (3) ultraviolet light and {4) a case of severe dermatographism 

in wham the wheals were produced by stroking. If histamine were present it 

would then be possible to remove it by placing a negatively charged pole on 

the wheal (reversed iontophoresis). In no instances however was histamine 

obtained. 

A good review of the recent work on allergy has recently been 

presented by Rackernann (1939). 
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Use of Histamine, Cortin and Vitamin C as Therapeutic Agents in Allergic 

Manifestations: - The results reported by various investigators on the 

effects or pretreatment with histamine, or the use of cortin or or vitamin C 

in allergic manifestations have on the whole been unsatisfactory. 

Dzsinich (lg35) found that daily doses of histamine given subcut~usly 

to patients with urticaria and bronchial asthma resulted in lasting ~provement 

with relief from symptoms. This has not however been confirmed by other workers. 

The use of cortin in the treatment of asthma and allied conditions 

has been studied by Pottenger, Pottenger and Pottenger (1935) who reported 

favourable results in the treatment of 30 cases :from a group of 50 patients 

with asthma. The report is concerned only with results observed within the 

first two weeks of treatment. 

Wilmer and Miller (1936) treated a group of 72 asthmatic patients 

with suprarenal cortical hormone. This was injected intramuseularly in a 

dosage of 1-4 cc for seven days until a total of 20-80 cc had been given. 

Co~lete relief was obtained by 13%, partial relief by 29% and no relief by 5?.%. 

Recently Prickman and Koelsche (lg38) treated 19 patients of whom 

16 had asthma and the others had various allergic manifestations. They gave 

sodium chloride by mouth and cortin intravenously. Ho specific benefit was 

observed. 

Recently Keeney, Pierce and Gay (1939) have prepared a new therapeutic 

agent by making an emulsion of epinephrine in vegetable oil, 1 cc of which 

contains 2 mg of epinephrine. Instead of the usual fleeting response obtained 

by an injection of epinephrine, they have been able to prolong the effect for 

8-9 hours. This is of considerable value in the treatment of acute asthma and 

urticaria, relief being obtained from a single injection which may last from 

8-16 hours. 

Treatment of cases of asthma with vitamin C has been unsatisfactory 

{Epstein 1936; Hunt 1938). 
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Do Relation to Infi8JJIDB.tion: 

In his extensive work Lewis (1927) postulated that the changes 

which occur following injury, or stimulation to the cells of the skin, namely 

the 'triple response' may also occur during the process of infiammation. 

According to Loos (1938) histamine will reproduce all of the in

flamnatory changes observed in the skin of man, with the exception of inflam

matory leucocytosis. He showed however that histamine will increase the 

phagocytic property of horse leucoeytes in vitro. 

It has been noted that inflammatory areas are capable of retaining 

pigments (lleDkin 1936; Loos 1938; Bier and Rocha E Silva 1938). If" a dye 

has been injected into an individual who has urticaria, or wheals produced 

by the intracutaneous injection of histamine, the dye will accumulate in the 

nuid of the wheal in both cases. Loos (1938) is of the opinion that this 

accumulation of" the injected dye is caused first by the increased permeability 

of the capillaries, produced by the histamine, and secondly by the increased 

phagocytic property of the white blood cells. 

On the basis of a study of inrlarmnation exudates, Menkin {l938a) 

(1939) has stated that histamine, although present in the infla.nmatory exudate 

cannot adequately account for the primary mechanism of increased capillary 

permeability. That it will not cause polymorphonuclear leucocytic infiltration 

has been stated by Loos (1938). Henlein' s results (1935) are not in agreement 

with this. 

Menkin (1938b) has succeeded in isolating a crystalline nitrogenous 

substance from such exudates which is extremely active in inducing prompt 

increased capillary permeability. Further 1 t has chemotactic properties which 

may be demonstrated either in vitro or in vivo. Within 15-30 minutes following 

its injection there is an accumulation of leucoeytes about the lumen of sm.ll 

vessels which first adhere and soon migrate into the extracapillary spaces. 



Menkin has :proposed the name of 'leukotaxine' for this substance. The 

purified substance does not resemble histamine in any way. Bier and Rocha E 

Silva (1938) have criticised the work of Menkin. They confirmed the finding 

that histamine increases the permeability of the capillaries as shown by the 

accumulation of trypan-blue f'rom. the circulating blood in areas injected with 

histamine, or with skin extracts, or inflammatory exudates. In a later paper 

Rocha E Silva and Bier (1938) claimed that alkaline hydrolysis which inactivates 

histamine when in combination with tissues, also inactivates the permeability 

factor of the infiamn.atory exudate. On these facts, and on a comparison of 

some of the properties of hi stamina and leukotaxine as given by Menkin, they 

are of the opinion that leukotaxine and histamine are one and the same substance. 

Menk:in (1939) on the other hand has extracted purified samples of 

leukotxaine for their histamine content and was unable to demonstrate any. 

He also has shown that leukotaxine is inactive when tested on the guinea pig 

ileam, the cat blood pressure and that furthermore alkaline hydrolysis fails 

to dissociate the chemotactic from the permeability factor. 

In 1935 Eppinger, Kaunitz and Popper published a monograph called 

'Die ser~se Entzttndung', dealing with morphological changes occurring in vanous 

tissues of the organism. The underlying pathological process was described as 

an inerease permeability of capillaries. They believed histamine to be a 

causative faetor. R6ssle (1935) expressed the same opinion. EPpinger and 

Rttssle (1935) state that serous inflammation is characterized by the passage 

of plasma proteins through damaged capillaries into the tissue spaces and is 

accompanied b.f oedema. 

Henlein (1935) administered histamine intravenously to rabbits over 

a period of one month and was able to reproduce changes characterized by 

degeneration of the parenchyma of organs, consisting of separation of the 

endothelial lining of small vessels, localised swelling of the vessel wall 



100. 

which may be of a granulamatous nature. He also observed plasma exudation 

through the vessel wall to the surrounding connective tissiJ.e, leucocytic 

migration and increase in eosinophiles. Granulamatous for.mation occurred 

around the vessels, and thrombi were produced in the smaJ]er vessels. The 

changes occurred mostly in the heart, lung and liver. SUch changes, according 

to Henlein, greatly resemble those observed in animals dying of anaphylactic 

Shock and in 'hyperergic inflammation'. 

Investigation into histamine intoxication was also carried out by 

Eppinger ( 1936) • He was able to produce morphological changes by means of 

chronic histamine administration. He was however unable to show an increase 

in the histamine content of the tissues following the production of serous 

inflammation b,y means of irritantso Repeating these exper~ents Kaunitz, 

Neugebauer and Schweiger (1938) found little change in the histamine content 

of the liver and kidney of the guinea pig. There was if anything a tendency 

to decrease. Riesser (1937) stated that the skin of rabbits which had been 

subjected to the action of mustard oil in order to produce inf~tion, 

contained more histamine than did normal skin. It is also interesting to note 

that Riesser (1937) was able to demonstrate the presence of histamine in the 

sputum of patients with tuberculosis and chronic bronchitis as well as in that 

of patients with asthma. 

E. Hi stamina and Gastric Ulcers: 

The production of stomach ulcers by the chronic administration of 

histamine subcutaneously, has been described in rats (Buchner, Siebert and 

Molloy 1929). These animals received inj actions every second day, and were 

starved b~re each injection. MCilroy (1928) described the production of 

ulcers in cats. Harde (1932} noted s~ilar results in mice and guinea pigs. 

In all of these investigations the production of ulcers was possible only if 

the animals were starved. Brunmelkamp (1933) states that gastric uleers may 
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also be produced in rats by starvation alone. He gave food for one day, 

then starved the animals for two, allowing them to have only water. 

O'Shaugness,y (1931) injected histamine directly into the muscular 

coat of the stomach of the cat and produced ulceration. 

Henlein and Kastrup (1938) gave daily intravenous injections of 

histamine to cats, starting with a small dose and increasing until the last 

dose was from 1.5 mg to 8.1 mg. These were continued for one month. A 

regular increase in the free and combined acid of the stomach was observed. 

However neither ulcers or erosions were found in the gastric mucosa but marked 

oedema and stnall haemorrhages were noted. 

They are of the opinion that the production of such changes in the 

mucosa is due to the toxic action of histamine itself, and that the increase 

in hydrochloric acid is secondary. 

Voss (1938) on the other hand produced achlorhydria in rats by the 

chronic administration of histamine subcutaneously; 6.0 mg of base were given 

daily for from 6 to 44 days. He did not describe the presence of lesions in 

the stomach. 

F. Traumatic Shock: 

'l'raumatic shock, because of 1 ts high incidence during the Great War 

stimulated the interest of many workers in an effort to determination the 

mechanism of its causatione Since that time, a great deal of work has been 

done, and three main theories have been propounded as to the underlying 

mechanism. These are the toxaemic, nervous and blood loss theories. 

The primary features of traumatic shock are low blood pressure and 

a reduction of the circulating blood volume. A rapid pulse rate with 

diminished pulse volume also occurs. According to Ge.ddum and Dale (1936) the 

release of hi stamina or some other similarly acting substance from injured 
r'oR. 

skin can well account part of the production of such a condition provided 
A 
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damage occurs over a large enov9h area. 

The various theories will now be discussed. 

(1) Toxic theory: - This theory was introduced by Quenu (1918) and by 

cannon and Bayliss ( 1919). They believed that the symptoms following injury 

to tissues, could be att~ibuted to the release into the circulative blood of 

toxins from the injured area. hperiments were done on cats, in which trauma 

to the hind limbs produced fatal shock. They found that section of the nerves 

prior to infliction of the trauma was without effect, and fUrther that the 

fluid loss b,y haemorrhage was insufficient to account for the degree of shock. 

At the same time Dale and Laidlaw {1919) noted the striking similarity 

between histamine shock and traumatic shock. Both were due in the main to a 

diminished blood volume and a drop in blood pressure o It was assumed there

fore that since histamine shock resembled traumatic shock so strikingly, 

histamine must in part at least be responsible for the s,r.mptoms of traumatic 

shock. 

This theory was very popular until 1927 when Smith made the criticism 

that there were no depressor substances in the blood coming from a traumatized 

l~b when collected during the onset of' shock. This finding has since been 

corroborated by many observers (Blalock 1930; Parsons and Phemister 1930; 

Ho1t and MaeDonald 1934; Room.e and Wi1son 1935; O'Shaugnessy and Slome 1935; 

Dragstedt and Mead 1937). 

Parsons and Phamiater (1930) fUrther observed that a dog whose blood 

pressure had been lowered to 60 mm Hg by the action of histamine was quite 

resistant to haemorrhage, 600 cc being removed before death occurred. In 

traumatic shock however where the blood pressure was lowered, only 200 cc 

haemorrhage was sufficient to cause the death of the animal. 
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O'Shaugnessy and Slome (1935) carried out experiments in dogs in 

which the blood of one animal was dialysed against that of a second animal, 

so-called 'vividialysis'• In such a preparation, any dialysable substance 

i~ the blood of one animal will pass from its circulation into that of the 

second animal. They then traumatized a limb of one dog in the usual manner. 

This dog (A) went into shock, where dog (B) evinced no s,y.mptoms. If however 

histamine was injected into the circulation of dog (A) producing a drop in 

the blood pressure of that an~, a drop was seen to occur in the second 

an~ (B) indicating that the histamine had passed from one circulation to 

the other by dialysis. 

Using the same methods for the detection of histamine as they had 

in the experiments on anaphylaxis in the dog, Dragstedt and Mead {1937) were 

unable to note the appearance of histamine in the blood of the dog in 

traumatic shock. They further noted that if sufficient histamine were injected 

slowly intramuscularly to imitate the conditions of traumatic shock, it was 

easily detectable in the blood of the animal. 

Recent observers, using the method of Barsoum and Gaddum. {1935a) 

have been unable to note any difference in the histamine content of blood 

coming from the limbs of animals before or after the production of traumatic 

shock. (Holt and MaeDonald 1936; MacDonald and Woolfe 1938). Minard (l937b) 

observed an increase in the histamine content of blood from the traumatised 

limb of the dog as compared with the normal. 

For these reasons, many workers have rejected the histamine theo~J 

as a basis for the production of traumatic shock. 

(2) The nervous theory of traumatic shock: - In 1921 Crile came to 

the conclusion that continued stimulation of the sensory nerves would produce 

shock by exhaustion of the vasomotor centre. Similar theories have been 

advanced by more recent workers. Simonart (1930) performed a series of 
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experiments on dogs in ·which trauma was inflicted to an extremity. He noted 

that shock occurred only if the nerves to the limb were left intact. If the 

vessels to the traumatized l~b were clamped, shock still occurred. Similar 

results were reported by Hoet (1929). They came to the conclusion that the 

main factor in the production of traumatic Shock was a stimulation of the 

nerves from the traumatized area. 

These results have been confirmed by 0'Sb.augnessy and Slome (1935) 

who performed cross eirculation experiments in dogs. The limb of one animal (A) 

(recipient) was completely separated from the circulation by tying off all 

the vessels, and it was then perfused by a second an~ (B) {donor) by 

anastomosis of the carotid and jugular to the femoral artery and vein of the 

limb. They noted that trauma to the limb of dog (A) which was excluded from 

its own circulation, caused death of' that animal. The dog (B) which was 

perfusing the damaged limb was not affected. They attributed the onset of 

shock to the production of nervous impulses in the traumatized limb. In 

further experiments, they perfused the limbs of dogs by means of a Dale

Sohuster pump and produced the same results. If they sectioned the nerves 

before applying the trauma, no;shock was observed. Further observations have 

been made of these nervous impulses using the cathode ray oscillograph 

(Slome and OtShaugnessy 1938). 

Bell, Clark and Cuthbertson (1938) also noted that the presence of' 

an intact nerve supply to a traumatized limb hastens and increases the 

severity of shock. 

(3) Haemorrhage: - The decrease in blood volume is held by many observers 

to be due to a localized extravasation of blood and plasma into the traumatized 

zone and adjacent sort tissues (Smith 1927; Blalock 1930; Parsons and 

Phemister 1930; Holt and MacDonald 1934) and not due to a generalized filtration 
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out or the vessels. 

In their original exper~ents, Cannon and Bayliss (1918) came to 

the conclusion that the loss of blood and plasma which occurred into the 

traumatized limb of an antmal was not sufficient to account for the degree 

of shock. 

Recent observers however have repeated the work of Cannon and 

Bayliss (1918)o Blalock (1930) showed that their method of computing the loss 

of blood was inadequate in that they neglected the transudation into the soft 

tissues of the thigh. If the actual amount of fluid loss into both the 

traumatized limb and into the soft tissues of the thigh is measured, its 

volume is great enough to account for the death of the animal. These ob

servations were confirmed by other workers. (Holt and MacDonald 1934). 

In their experiments on cross circulation, ~tShaugnessy and Slome 

obtained different results. The donor animals did not die of shock although 

th9,1 supplied blood to and received blood from the traumatized limb of the 

recipient animal. 

Bell, Clark and CUthbertson (1938) however using a slightly different 

technique to that used by Slome and O'Shaugnessy found that donor animals died 

under these circumstances, whereas the condition of the recipient animal was 

not affected. They do not explain the difference between their results and 

Slame and O'Shaugnessy with the exception that a different type of anaesthetic 

was used. 

(4) Additional theories:- In an excellent review, Moon (1937) has made 

a critical survey of the work on shock, and has tried to correlate the ~ptoms 

of shock with the pathology. He states also that one must make a distinction 

between haemorrhage and shock, and recommends the study of the haemoconcentration 

rather than blood pressure. The pathological picture of shock differs from 
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that of haemorrhage. According to Moon (1937) shock is characterized by 

the following: The superficial veins are collapsed and bloodless. The 

blood in the heart and large vessels and in the parenchyma of organs is 

dark and thick and has failed to clot. Serous surfaces are diffusely 

congested and appear cyanotic. The bowels are atonic and the vessels along 

the mesenteric attachment are engorged and prominent. All the nru.cous 

membranes are congested and frequently contain ecchymoses. The lungs are 

intensely congested either diffUsely or in scattered areas. Microscopically 

the capillaries are distended and the venules are dilated and packed with 

corpuscles and haemorrhage from the capillaries are numerous. Marked 

oedema is present. The liver and kidneys are deeply congested and blood 

oozes and drips from the parenchyma when sectioned. 

This picture differs markedly from that produced by haemorrhage, 

where the viscera are pale and drJ, and the abdominal organs do not drip 

blood when they are sectioned. 

Moon and Morgan ( 1936) showed that marked increase in capillary 

permeability occurs when shock develops as indicated by haemoconcentration. 

MOon and his associates (1937) further observed similar congestive, oedematous 

and haemorrhagic conditions of the viscera following shock in man. Similar 

observations have been reported by Eppinger (1934) and Eppinger, Kauni tz and 

Popper (1935). 

It is of interest to note that such pathological changes are observed 

in animals when histamine shock is produced. 0'Shaugnessy and Slome (1938) 

state as one of the reasons against the histamine theory of shock, that such a 

pathological picture does not occur following traumatic shock. In their animis, 

the organs are pale and anemic and do not drip blood. According to the view 

of Moon (1937) this may be attributed then to a failure to distinguish between 

haemorrhage and shock. 



According to MOon many diverse agents may affect the minute vessels 

with the production of capillary atomy, which results in the pathologic 

changes characteristic of shock. He believes that certain factors cause a 

decrease in blood volume with reduced volume flow, deficient delivery of 

oxygen with resultant capillary atony again so that a self-perpetuating 

mechanism or vicious circle is produced. 

Karady (1934} believed that the symptoms of post-operative shock 

might be due to an increased sensitivity of the organism to histamine, 

assuming that histamine were liberated during surgical traumao Such a 

supposition is not unreasonable when one considers that sensitivity to many 

different agents exists in human beings. In an endeavour to devise a means 

of determining whether a patient was hypersensitive to histamine he found 

that the response to an intravenous injection of 0.005 mg of histamine in 

patients was followed by changes in the blood pressure. Four main types of 

blood pressure response could be distinguished. These have been described 

in a previous section {see p.48). It was noted on analysis of the individuals 

examdned by this test that those exhibiting a reaction of the second type were 

prone to go into surgical shock following a major operation. Rusnyak, Karady 

and Szabo (1935) noted fUrther that post-operative collapse could be prevented 

in such patients if they were given a course of histamine injected intramuscular

ly for one week prior to operation. 

Further s1bstantiation of this work by animal expernnentation w~s 

carried out. Rusnyak, Ka.rady and Szabo (1935) performed laparotomies on dogs, 

one group of which was pretreated with histamine, whilst another of which 

served as controls. Changes in the blood volume were followed. A decrease 

of from 32-66% in the blood volume was observed in the controls, whereas in 

the pretreated group, the greatest decrease was a% and in some there was even 

an increase. This has since been repeated on rabbits, using the Gibson and 
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EVelyn micromethod (lg37} for blood volume determination with the same 

results {Karady lg38). Although the present opinion amongst workers on the 

problem of Shock is away from the histamine theory, it does not seem un

likely, in the light of the above observations, that it may play an important 

role in the production of shock. 

G. Role of Histamine in Burns and Scalds: 

As in the case of other forms of cell injury, Lewis (lg27} 

postulated a release of 'H' substance from the cells of the skin. Harris 

(lg27) noted that scalding of the skin of the cat caused no immediate change 

in the histamine content of the skin, but the histamine content was markedly 

decreased after the formation of oedema. He inferred from this that no new 

histamine had been formed, and that the histarr1ine which had been present 

in the skin was now released into the circulation. 

Bennet and Drury (lg31) found that both histamine and adenosine

like substances were released 1~am the isolated heart of the cat by burns. 

They believed that not one, but several toxic substances entered into the 

production of shock. 

Simonart (lg30) distinguished between traumatic shock and the shock 

which occurred following burns, in that he believed the former to be due to 

nervous stimulation set 11p in the traumatized area, whereas the latter was 

dependent upon the release of toxins from the burned area. 

The increase in the secretion of adrenaline, with decreased 

adrenaline content of the adrenal glands, as well as the decrease in blood 

chlorides, and production of duodenal ulcers, all of which may appear 

following severe burns (Hartman, Rose and Smith 1926) may be accounted for 

by the action of released histamine (Gaddum and Dale lg36}. 



109. 

Barsoum. and Ge.ddum (1936) and Code and MacDonald (1937) have 

observed an increase in the total blood histamine in man following severe 

burns. The increase was noted at about the same time that manifestations 

of shock began to occur, usually from the fourth to sixth day. After this 

tDne, the histan1ine content of the blood gradually fell to normal over a 

period of weeks. Barsoum and Gaddum (1936) came to the conclusion that the 

rise in blood histamine was not due entirely to its production in the burned 

Skin, but that it may also be secondary to pathological changes in the kidn~ 

and liver. 

Using the method of Yokoyama (1936), Kisima {1938) estimated the 

histamine content of various organs, and of the blood of dogs which had one

tenth to one-fifth of the skin surface burne4. He noted an increase of 7-10 

t~es the normal histamine content of the spleen, liver and pancreas. 

Histamine appeared in the blood and urine within 6 to 12 hours reaching a 

maximum in 49 to 96 hours, where it remained for two to three days, and then 

disappeared. He further observed that removal of the skin from the burned 

area inhibited this release of histamine. 

Rosentnal (lg37) obtained a principle from the blood of shoats 

and guinea pigs which appeared within one hour after the skin of the animal 

had been burned. This substance resembled histamine only in that it con

tracted the guinea pig uterus. It was however inactivated when heated to 

6000 for 30 minutes. 

Recently Bernhard Kreis (1938) has come to the conclusion that 

histamine is not one of the factors in the production of the shock which 

follows burning. He made cold extracts of tissues from normal and burned 

guinea pigs and rabbits. MJ.scle and skin were mainly used. The extracts 

were prepared in two ways, firstly by grinding in Ringer solution for 8 days 

at ice-box temperature, so-called native extracts, and, secondly by gentle 
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boiling of the tissues in Ringer solution for two hours. 

These were filtered and kept sterile. EXtracts from normal animals 

had no effect when injected into animals, whereas injection with extract from 

burned tissues produced the same pathological changes that are observed 

following severe burning of the skin. He is of the opinion that the reaction 

cannot be an anaphylactic one since no sensitisation is necessary, as has 

been suggested by ether observers {Eppinger 1935; Henlein 1935}. He further 

is of the opinion that the changes which are produced by the injection of 

these extracts do not sufficiently res~ble those which occur following the 

injection of histamine and upholds the view that such toxic manifestations 

are the result of split-proteins such as peptone and albuminoses. 

Bernhard Kreis (1938) examined these extracts for the presence of 

histamine and could find none. The extracts were not altered in any way, 

but were simply assayed on the guinea pig ileum preparation. It may be noted here 

that he found histamine in small amounts in one specimen from guinea pig lung 

tissue and none from a secondo Obviously if no histamine were found in lung 

of this animal, his method of extraction or assay must be at fault. 

In this connection it also is of interest to note that if saline 

extracts of ground up tissue are assayed before and after being heated, a 

marked increase in the histamine content of the extract is found after 

heating {Trethewie 1938). It is believed that heating releases the nistamine 

B 
which may be ~ound to tissue particles. 

H. Histamine as a Cause of the tFutterrehe' or Hoof-disease in Horses: 

In 1934 Ackerblom carried out extensive work on this disease which 

is characterised by vascular and inflammatory changes in the hoof eventually 

leading to a loosening and separation of the outer covering of the hoof from 

the oore. The disease is accompanied by general ~ptams such as r~ised 

temperature, increased pulse and respiratory rates, rigor, colic and 
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innanmatory changes in the joints. 

Ackerblom was able to reproduce the local changes in the hoof as 

well as many of the accompanying symptoms by means of the administration of 

histamine. Pathological sections of the hoof show marked similarity. 

He was further able to isolate histamine and histamine forming 

bacteria from the intestinal contents of horses fed with rye. These bacteria 

are not present in the intestinal contents of all horseso If such an~s are 

fed on rye, the disease will not occur. But if they are given these histamine 

forming bacteria perorally, production of the disease will occur. 

In later exper~ents (Ackerblam and Sjoberg 1938) the same results 

were obtained by means of chronic intravenous injections of histamine in 

horses. 

I. The Alarm React ion: 

In 1936 Selye showed by experiments on the rat that if the organism 

is severely damaged by acute non-specific nocuous agents such as exposure to 

cold, surgical injury, or intoxications with sublethal doses of various drugs 

such as atropine, morphine or formaldehyde etc. a definite syndrome appears. 

Selye divided the s.rndrome into three stages, the first one of which was 

called the 'Alar.m Reaction•. 

The symptoms of this syndrome are independent of the nature of the 

damaging agent and represent the response of the organism to damage as such. 

T.he first stage develops within 6 - 48 hours after the stimulus has 

been given and is characterized by a rapid decrease i~ the size of the thymus, 

spleen, lymph glands and liver. There is tendency towards oedema formation, 

a fall of body temperature and the development of acute erosions in the 

gastro-intestinal tract, in particular the stomach, small intestine and 

appendix. There is also a loss of cortical lipoids and chromaffin substance 

from the adrenal glands. 
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The second stage begins about 48 hours after the initial stimulus 

has been given and is characterized by marked hypertrophy of the adrenal 

glands. During this period the animal has acquired a non-specific resistance 

to damaging st~i. Thus animals in which an alarm reaction had been pro

duced by one drug became resistant to otherwise lethal doses of another drug. 

{Selye 1938). This stage has been called the stage of resistance and is 

believed by Selye to be due to the adaptation of the animal organism. 

If treatment with a nocuous agent is continued the animals finally 

lose their resistance and succumb with s.rmPtoms similar to those seen in the 

first stage. There is a great similarity between the symptoms of adrenal 

insufficiency and those of the alarm reaction and Selye {1937) has emphasized 

this fact. 

Although definite proof is lacking that histamine is a causative 

factor in the production of the alarm reaction, certain observations would 

greatly increase the possibility of this being the case. 

In 1936 Karady and Bentsath were able to show that anaphylactic 

shock in the guinea pig could be prevented by pretreatment with small doses 

of histamine. In further experiments Rusnyak and Karady {1937) showed that 

pretreatment of sensitized rabbits with histamine increased and prolonged 

antibody formation, so that when the antigen was given, no anaphylactic 

shock occurred. 

Recently Karady, Selye and Browne {1938) have shown that by sub

jecting sensitized guinea pigs to a relatively mild alarm reaction followed 

by an interval of eighteen to twenty-four rest, the anaphylactic response 

of these animals to subsequent reinjection of the antigen is decreased. 

The observations of Bartelhei.mer and Afendulis {1938) are very 

interesting in this connection. They first noted that the production of 

insulin shock several times during the course of sensitisation of guinea pigs 



ll3. 

markedly decreased the severity of the anaphylactic reaction which was induced 

by giving of the antigen. They noted further 'that no protection was afforded 

by the action of insulin alone, i. e. if its 'Shocking' action were inhibited 

by giving glucose at the same time. A study of the blood histamine using 

the method of Riesser (1937) revealed that a release of this substance occurred 

at the height of insulin shoek. No release was noted if shock did not occur. 

They concluded that the protection which was afforded by the production if 

insulin shock was due to sensitisation with histamine. 

Since insulin shock may be regarded as an alarming or damaging 

stimulus, it is easy to suppose that histamine may be liberated during the 

alann reaction and may account for part of that syndrome. 

Encephalitis: 

Recently Spiegel - Adolph and Spiegel {1937) have reported the 

production of encephalitis in rabbits by the daily intravenously injection 

of histamine for 14 to 32 days. The dose varied from 0.1 - 0.4 mgjkg. 
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"The Relationship of the Adrenal Gland to Histamine.a 

(a) Medulla: - In the early observations on the pharmacological pro-

parties of histamine, it was noted that tbe action of adrenaline was antagonistic 

to that of histamine (Dale and Richards lglB). If the blood vessels were 

dilated by histamine, their tone could be restored by the action of adrenaline. 

Dale (1920) found that the pupil of the eat's eye after denervation (sensitive 

to adrenaline) dilated following an injection of histamine. He believed that 

this was due to the release of adrenaline by the action of histamine on the 

adrenal medulla. It was noted by Kellaway and Cowell (1922) that whereas 

sweating and dilatation of the pupil of the eye occurred following the intra-

venous injection of histamine into an intact cat, these ~ptoms did not occur 

in an animal from which the adrenal medullae had been removed. Further evidence 

that histamine stimulated the secretion of adrenaline was furnished by the 

observations of Burn and Dale (1926) who noted that the effect of an intravenous . 
injection of histamine in cats with a low blood pressure was complicated b,y a 

secondary rise following the primary drop in the blood pressure. Increase in 

pulse rate was noted at the same t~e. The rise in blood pressure was even 

greater if the animal was first eviscerated, thereby diminishing the circulating 

blood volume. If the adrenals were removed, this rise in the blood pressure 

did not occur. Szczygieslki (1932) injected histamine directly into the 

coeliac stump of an eviscerated eat and noted a marked rise in the blood pressure. 

The antagonistic action between histamine and adrenaline was studied 

by MaaK&y (1929) who observed that the secretion of saliva produced by histamine 

was greatly enhanced by adrenalectomy and decreased by the simultaneous 

administration of adrenaline. 

Perla and Marmorston-Gottesman (1929) were able to increase the 
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resistance o~ adrenalectomized rats to histamine by an injection of epinephrine 

in 50% of cases only. A single injection given subcutaneously protected 2 to 

a% only of rats against a lethal dose of histamine. wyman (1928} on the other 

hand found that an intraperitoneal dose of adrenaline afforded protection 

against the action of histamine in adrenalectomized rats. 

In 1937 Ingle carried out experiments in which the adrenal medullae 

were removed and as an added precaution cortin was administered. He found that 

these an~als were less resistant to histamine than were intact an~als. He 

fUrther noted that large amounts of cortin would not raise the resistance of 

these animals to histamine whereas administration of epinephrine did. He 

criticised the results of Perla and Mar.morston~ttesman by stating that their 

animals were in a state of adrenal insufficiency and were improved by the 

administration of cortin. 

It was noted by Schild (1936) that release of histamine from the 

perfused sensitized guinea pig lungs after addition of the antigen was decreased 

by the addition of adrenaline to the perfusion fluid. 

wyman and SUden (1934) noted that the hyperglycemia which follows the 

injection of small amounts of histamine in normal rats did not occur if the 

animals were previously adrenalectomized. Instead a hypoglycemia was observed 

and this occurred even when cortical tissue was transplanted in the animal. 

K~ (1936) was able to inhibit the production of arteriosclerosis 

which occurs in rabbits following the daily administration of adrenaline for 

six weeks by the simultaneous daily administr~tion of histamine. He was unable 

however to inhibit the production of arteriosclerosis which occurs following 

the daily administration of vigantol (irradiated ergosterin) Qy the s~taneous 

administration of histamine. 

(b) Cortex: - In 1924 MCCarrison made the observation that injections df 

histamine caused hypertrophy of the adrenal glands in young rats. Similar 
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observations have been made not only for histamine but various other toxic 

substances (Selye 1936). In 1926 Banting and Gairns noted that removal of 

the adrenal glands in the dog decreased the resistance of that animal to 

histamine by about thirty times. 

Wyman (1928) and Marm.orston-Gottesman and Per1a (1931) noted that 

the resistance of the rat to histamine was greatly diminished following 

adrenalectomy. The sensitivity to histamine reached its maximum point at 

about ten days ~er the removal of the glands and ~s increased to about 

twenty times the normal. They noted also that the resistance of the animals 

to histamine could be restored by the administration of cortin. In 1929 

Wyman noted that the severity of the ~ptoms of anaphylactic shock in the 

rat were greatly increased after adrenalectomy. Since the same effect was 

noted even 180 days after adrenalectomy and cortical tissue had regenerated, 

he was of the opinion that the increase in susceptibility was due to the 

lack of medulla rather than of the cortex. Administration of adrenaline 

however before giving the antigen did not have any effect. 

The observations of Selye (1937) are interesting in this connection. 

He has likened the third or exhaustion stage of the general adaptation s.yndrome 

to one of adrenal insufficiency. Indeed, adrenalectomized animals are much 

less resistant to damaging agents and develop an alarm reaction with much 

smaller stimuli than do normal animals~ 

It is also interesting to note that Clark and MacKay (1939) were 

able to inhibit the production of hemoconcentration and decrease in plasma 

sodium which occurs in adrenalectomized rats following muscular exercise by 

pretreatment of the animals with histamine up to the time of the adrenalect~. 
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"The Relationship of Vitamin 'C' to Histamine." 

Hochwald (1935) noted that anaphylactic Shock could be inhibited in 

the sensitized guinea pig by the administration of three intraperitoneal 

doses of ascorbic acid, the first two hours and the last ten minutes before 

giving the antigen. Peroral administration was without effect. No effect 

was noted if two hours elapsed between giving the vitamin and the antigen, 

nor was any protection afforded if the vitamin was given before sensitisation. 

Hochwald noted further that ascorbic acid had no effect on histamine shock. 

He therefore postulated that the mechanism of the action of vitamin C in 

anaphylaxis was to prevent the liberation of histamine rather than to inhibit 

or inactivate the action of histamine after its liberation. 

In further work Hochwald (1936} observed that similar protection 

might be produced by the administration of glutathion, eystein and ot~er 

sulphohydrogen compounds. He concluded that the mechanism of action ascorbic 

acid and these other substances on histamine was one of reduction since all 

of these substances have the common property of being reducing agents. 

The observations of Hochwald (1935) were supported by other workers 

{Lemke 1936; Solamonica 1936; Giroud and Giroud 1936}. 

Ungar, Parrot and Levillain (1937) reported some in vitro exper~ent 

which tended to confirm this hypothesis. They were able to inhibit the release 

of histamine by an antigen from the isolated tissues of a sensitized guinea pig 

by the addition of vitamin C to the fluid containing the tissues. It was noted 

that this inhibiting of the histamine release occurred only if the vitamin C 

were allowed to remain in contact with the tissues for at least twenty minutes 

before adding the antigen. 
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The results of Hochwald (1935) could not be confirmed however by 

other workers. (Schwartz and Cisloghi 1935; Van Niekerk 1937). 

Recent work on dogs also indicates that vitamin C does not inhibit 

the release of histamine by the antigen-antibody reaction (anaphylaxis). 

~er, Dragstedt and Arellano (1938) produced anaphylactic shock in a group 

of dogs. They gave 250 mg of cevitamic acid daily by mouth to four to these 

animals during the period of incubation (15 - 20 days). To another five dogs 

they gave a daily oral dose of 500 mg during the incubationary period and an 

intravenous injection of 500 mg just before giving the antigen. Finally in 

nine dogs, an intravenous injection of lOO mg/kg of the vitamin was administered 

during the last forty-five minutes before giving the provocative injection 

of horse serum. No difference in the severity of the anaphylactic shock 

produced in any of these animals was noted as compared to that produced in 

control animals. 

These same workers have also produced evidence which indicates that 

vitamin C does not inhibit the release or action of histamine, when it is 

released in the organism by a mechanism other than the antigen-antibody 

reaction {Dragstedt, Eyer and Arellano 1938). They produced peptone shock 

in dogs which were pretreated with intravenous cevitamic acid and in control 

animals. No difference in the severity of the Shock produced in either 

group was observed. 

Perla (1936) was unable to note any di-fference in the resistance 

of adrenalectomized rats to histamine after pretreatment with ascorbic acid 

from those which had not received the vitamin. He used much smaller doses 

(10 mg daily for eight days) than Hochwald (1935) who gave three injections 

of 100 mg of ascorbic acid each. 

The work of Holtz {193?) has been reviewed in a previous section ( p.l3 ) 

He was able to show that histamine may either be formed from histidine by the 

action of vitamin 0 or that histamine itself could be inactivated by the vitamin. 
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~stamina Sensitivity and Histamine Resistance." 

In the discussion of histamdne sensitivity, a distinction Should 

be made between sensitivity of cells to histamine as such and an increased 

sensitivity of tissue cells to some specific agent so that they liberate 

histamine more readily when exposed to that agent. 

It is true for instance that certain individuals may become sensitive 

to foreign proteins, and the resulting interaction of the antigen and antibody 

in the cell causes a release of histamine. Similarly in those patients, who 

manifest der.matographia, the cells of the skin are sensitive to slight stimu

lation and a release of histamine is the result of such stimulation, The srume 

st~ulus, i. e. scratching the Skin produces the usual mild response charac

terized by reddening, but does not result in the formation of a wheal. Many 

other types of sensitivity may be cited such as that to cold, heat etc. These 

patients however do not manifest any deviation from the normal response to a 

subcutaneous injection of histamine. 

Nevertheless, the reaction to either an intravenous or subcutaneous 

injection of histamine varies in different individuals, and marked reactions 

have known to occur from small doses (Karady 1934). 

Ramirez and George (1929) noted that patients suffering from asthma 

gave increased responses to intracutaneous injections of histamine. Rusnyak, 

Karady and Szabo (1934) noted that patients who manifested the signs of 

surgical shock following major operations gave a typical response to an in

travenous injection of histamine prior to the operation, indication hyper

sensitivity to histamine. 

It would seem that the state of histamine sensitivity or resistance 

of an organism as the case may be is related to certain endocrine glands, 



namely the adrenal and the thyroid. The role of the adrenal gland has 

already been discussed in a previous section. (p. 114). 

That the thyroid may play a part in resistance against histamine 

has been suggested by the observations of Karady (1934). He noted that the 

response to an intravenous injection {0.005 y) of histamine was greatly 

diminished in patients with hyperthyroidism. Instead of the usual drop of 

20 mm very little change occurred in the blood pressure. He further observed 

(1936b) that if such patients had their thyroids removed, or if they were 

treated either by X-ray or with iodine, the usual response to histamine was 

more marked and that now the blood pressure dropped at least 20 mm following 

an intravenous injection of 0.005 mg of the amine. 

It was also noted (Karady l936b) that if cats were treated with 

thyroxin, the response of the blood pressure was al tared. Normally, a drop 

in the blood pressure of the cat follo~s upon the intravenous injection of 

histamine. After treatment with thyroxin for ten days, a rise is observed 

instead. 

This may be explained b.y the fact that the capillaries of the skin 

are constantly dilated in cases of hyperthyroidism. Since the drop of blood 

pressure after histamine occurs mainly by dilatation of the capillaries, 

it seems obvious that histamine cannot exert its action. 

Finally, the resistance imparted to an an~ by histamine pre

treatment must be considered. It has been observed by many workers, that 

an animal which receives increasingly large doses of histamine either 

subcutaneously or intravenously will become more resistant to histamine. 

(Eichler and Killian 1931; ;Tacobs and Mason 1936; Karady l936a; Selye 1937). 

The actual mechanism of this reaction is not understood, although 

various theories have been advanced. It has been known for some time that 

it a cat is given a large dose of histamine so that it is precipitated into 

histamine shock, the blood pressure response to a small dose of histamine will 
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be reversed, that is a rise occurs (Meakins and Harington 1922; Feldberg 

and Schilf 1930). This action is attributed to the fact that the capillaries 

are dilated, and additional histamine acts therefore mainly on the arterioles 

which it constricts in this species. 

It was noted (Karady and Bentsath 1935) that pretreatment with 

histamine diminished the sensitivity of patients to histamine and afforded 

protection against surgical collapse. In order to determine the mechanism 

of the desensitisation, Karady (1936a) desensitized cats to histamine by 

pretreatment with the amine. Whereas a drop of blood pressure is produced 

ordinarily by the intravenous injection of 10 y of histamine, this did not 

occur in the pretreated animal, and a rise was observed instead. Kokas, 

Sarkady and Went (1937) were unable to confirm these results using the dog. 

However it had been previously observed {Eichler and Killian 1931) that 

whereas 2-3 mg would cause the death of a rabbit when injected intravenously 

this animal w.ould tolerate a dose of 150 mg, if the injections were given 

in rapid succession, increasing the size of each subsequent dose. 

Rusnyak, Karady and Szabo (1936) further showed that this pretreat

ment with histamine diminished surgical shock in the dog. A study of the 

blood volwne at the same time revealed that whereas a marked diminution in 

the circulating blood volume occurred in the non-treated animals, very little 

decrease or even an increase was observed in the pretreated an~als. 

This was confirmed again by Karady (1938) who showed that pretreat

ment with hi stamina prevented the decrease in the blood volwne usually observed 

after either histamine or surgical shock in rabbits. He used the micromethod 

of ~elyn and Gibson (1937) for the blood volume determinationso 

Recently Ma.cKay and Clark (1938) have shown that pretreatment of 

adrenalectomized animals with histamine will protect these animals~ainst 

the effects of nephrectomy. In further work they have Shown that pretreatment 

of rats with histamine for a period of eleven days prior to adrenalectom, will 
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protect these animals against symptoms such as decreased blood volume, lowered 

serum sodium etc. which occurs in adrenalectomized animals subjected to 

muscular exertion { Clark and MacKa:y 1939) • 

No ef':f'ects however were observed on the performance of nru.scular 

work, the level of the liver or muscle glycogen or blood sugar or the toxic 

effects of hypertonic glucose solutions administered per os to adrenalectomized 

animals. 

A tolerance to hi stamina could not be developed in the guinea pig by 

daily subcutaneous inj actions of 0.1 mgm per lOO grams body weight over two 

weeks, or by increasing doses according to these observers. T.he survival time 

after 0.5 - 0.6 mgm per 100 gms body weight in such pretreated animals was 

not greater than in that of the controls. They used histamine diphosphate 

(30% histamine base). 

Smith (1939) on the other hand was able to produce a tolerance to 

histamine in guinea pigs. He found the approximate minimum lethal dose in 

untreated animals to be 0.32 mgm per kilogram of histamine dihydrochloride 

given subcutaneously ( 60% histamine base). ~r pretreatment with gradually 

increasing doses over a period of two to three weeks, he was able to increase 

the tolerance 500 - 600%. 

Smith (1939) was also able to protect sensitized guinea pigs fram 

going into anaphylactic shock after administration of the antigen by pretreat

ment with histamine during both the pre-sensitisation and post-sensitisation 

periods. Of twenty animals treated by this method only one died. 

The difference in the results of Olark and MaeKBy (1939) and of 

Smith (1939) may perhaps be attributed to the fact that the former workers 

gave such large doses of histamine in order to shock the animals. In terms 

of the hydrochloride salt, they administered 2.5 mgm per kilogram, whereas 

Smith found that the M. L. D. of untreated animals was 0.32 mgm per kilogram. 
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Farmer (1939) has shown that the 'desensitisation' which pretreatment 

with histamine produces, exerts a defence mechanism not only against histamine 

but against the anaphylactic reaction. He believes therefore that the desen

sitisation is 'non-specific' in nature. This was demonstrated by noting the 

aetion of histamine and of a specific antigen on isolated uterine strips taken 

from (a) animals which had been pretreated with histamine, and {b) animals 

which had not received histamine. Since the contraction of the sensitized 

uterine strips upon addition of the antigen depends upon a liberation of 

histamine, it seems that the desensitizing action is a specific one in that 

the contraction of the uterine strips is due to histamine in both cases. 

Selye (1937) has Shown that the acute appendicitis which may be 

produced in rats by a large intravenous dose of histamine may be prevented if 

the animals are first pretreated with histamine. 

It has also been observed by Howlett and Browne (1937) that the water 

retention which may be produced in rats following the intravenous injection of 

histamine may be greatly diminished if the animals are first pretreated with 

histamine. 

It is interesting to note that Selye (1937) has been able to confer 

non-specific resistance to animals by exposing them to an alarming stimulus. 

The animal becomes resistant about twenty-four hours after exposure. This has 

been shown by the experiments of Karady, Selye and Brovme (1938) in which 

the anaphylactic shock induced in sensitized guinea pig by the giving of an 

antigen was markedly inhibited if the animals were exposed to an alarming 

st~us twenty-four hours before receiving the antigen. 
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The experimental work which is about to be described is concerned 

with the mechanism of the destruction or inactivation of histamine and with 

relationship of the adrenal gland to histamine metabolism. A description of 

the methods of extraction and assay will first be presented. 

~thods of Extraction.• 

(a) Blood: - The modification of the method of Barsoum and Gaddum (l935a) 

as described by Code (1937b) was used in the extraction of blood. Since most 

of the experiments were carried out on the rat, it was impossible to obtain 

10 ec of blood consistently. It was therefore decided to use samples of 5 cc 

routinely. In all of the experiments whole blood was used. The method with 

the modification of the amounts of the various reagents used is as follows: 

Five cc of whole blood is placed into eight cc of 10% trichloracetic acid, 

making sure that it is well mixed to avoid clumping, and is allowed to stand 

for 45 to 60 minutes in a small 50 cc Erlenmeyer flask. It should stand not 

less than 30 minutes in order to allow the proteins t~ precipitate completely 

and not longer than 90 minutes in order to avoid adsorbtion of histamine on the 

precipitate. The contents of the flask are then filtered through a small 

Buchner fUnnel by suction into large 40 cc centrifuge tubes and the precipitate 

is washed four times with 4 cc portions of 10% trichloracetic acid. The filtrate 

whio:h should be clear is transferred to large Erlenmeyer flasks (250 cc) and 

5 cc of concentrated HCl added. This is then boiled gently using a micro-burner 
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for 90 minutes, excess evaporation being prevented by placing a reflux air-

condenser in the top of the flaSk. This consists of a glass tube about 1 cm 

in diameter and about 65 ~ in length which is fitted into the neck of the 

flask, both ends of which are left open. Care should be taken to prevent 

desiccation by the addition of water, but this will not be necessary in most 

cases as the volume is generally decreased only by about two-thirds. After 

the acid hydrolysis, the extract is transferred to small round-bottomed 

pressure flasks ( 200 cc) care being taken to transfer all the extract by 

successive washings with distilled water. It is now evaporated to dr,yness 

0 in vacuo in a water bath at a temperature of about 90 c. In order to speed 

up the evaporation and to prevent bumping, the tip of a thin glass tube 

drawn out to capillary fineness is placed so that it just reaches to the 

bottom of the flask. It is fixed from the top of the still ar.m to which the 

evaporation flaSk is attached. When evaporation is complete, two successive 

10 cc portions of 96% alcohol are added and evaporated off in order to remove 

the excess acid. The apparatus used for evaporation of both blood and 

tissues has been arr~~ged to evaporate six flasks at once. Suction is provided 

by a high-pressure water pump. This apparatus must be thoroughly cleaned 

since small amounts of histamine may adhere to the rubber joints at the bottom 

of the still tube. SUch amounts might make considerable difference in a blood 

histamine assayo It has been the practice to reserve three of the tubes for 

blood apec~ens and to use the other three for tissues. Two cc of distilled 

water are added to the flask and the residue is taken up. This is greatly 

facilitated if the flask be kept warm. After one or two minutes, this is 

filtered by suction through a small filter paper of about 1 em in diameter 

in a Buchner funnel into a small graduated centrifUge tube of 15 ec capacity. 

T.he procedure is repeated with two more 1 cc portions of water to make sure 

that all the residue has been removed. The filtrate is now neutralized with 
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Nj5 NaOH. Usually 0.5 - 0.6 cc suffices. It has been found that neutral 

litmus is an adequate indicator. Following neutralisation, the extract is 

made up to the original volume of the blood with distilled water, namely 5 cc 

and is now ready for assay. The extract frequently becomes turbid following 

neutralisation, but this does not in any way affect the result of the assay. 

A series of deter.minations were performed on duplicate specimens of blood and 

the figures obtained in the two series were within 0.5%. Similarly histamine 

added to spectmens of blood were recovered within 95 - 98%. 

(b) Tissues: - The method used for the extraction of histamine from 

tissues is essentially that described by Best and McHenry (1930). It is carried 

out as follows: 20 cc of 10 HCl is placed in small weighing bottles with 

ground glass tops, with a fluid capacity of about 100 cc. The tops are replaced 

and the flasks are weighed. 

The freShly removed tissue, generally between 1 - 3 gm in weight is 

placed directly into a bottle containing the acid and the top is again replaced 

to prevent evaporation. The whole is then again weighed. The difference between 

the first and second weighings give the weight of the tissue. The bottle is then 

placed in a water bath at a temperature of 9ePC for one hour. It is then removed 

and the contents are washed into a round bottomed pressure flask of 200 ec 

capacity. The contents are first broken up when necessary, using a glass rod, 

then evaporated tp dryness in vacuo at an external temperature of about 80-9ooc. 

The addition of two or three small glass beads facilitates evaporation and 

prevents bumping. When evaporation is complete, two successive portions of 

96% alcohol, 10 cc each, are added and evaporated off to remove the excess acid. 

The residue is then taken up in 5 cc of normal saline and transferred to a 

small beaker. Two additional waahings (5 cc each) with normal saline are 

carried out. The residue on the· sides of the flask may sometimes be difficult 



127. 

to remove and this may be facilitated by scraping the flask with a flattened 

glass rod. The flask should be kept warm while this last procedure is carried 

out. 

The contents of the beaker are then neutralized first with a few 

drops of 20% NaOH and then with N NaOH. Neutral litmus is used as the indicator. 

At this point, the extract has a muddy brown appearance. It is then filtered 

by suction in a Buchner funnel and the residue is washed with three portions of 

5 cc each of normal saline. The final volmne of the extract is then made up 

to 50 cc in volumetric flasks by the addition of 0.9% sodium chloride solution. 

When smaller amounts of tissue are used or when the quantity of histamine is 

small, the technique may be modified so that the final volume is 20 or 25 cc. 

The final extract should be a clear brown solution. 

Some of the final extracts may have a turbid appearance and these have 

generally been difficult to filter. They are occasionally toxic to the guinea 

pig gut preparation in that relaxation of the intestine may be delayed by their 

action. T.hey have however no toxic effect using the cat blood pressure method 

of assay. 

"Methods of Assay." 

(1) Guinea Pig Ileum Preparation: 

The use of the guinea pig ileum as a test for the quantitative assay 

of hi stamina was described by Guggenheim and Loeffier { 1916). 

In principle the intestinal preparation is suspended in a small bath 

containing Tyrode solution, with constant oxygenation and at a temperature 

o~ 38°C. 



128. 

(a) The apparatus: - The apparatus which has been used is a modification 

of the usual constant temperature bath. Certain changes have been introduced 

in order to facilitate the assay of extracts. 

The bath measures 12 x 8 inches and is six inches dee:p. The water 

level is kept at a constant height of four inches by a constant water leveler 

and the water is maintained at a constant temperature of 37°C by means of 

100 watt electric bulb, controlled by a mercury th~ostat. 

The bath containing the intestinal preparation has a fluid capacity 

of 2.5 cc and is supported in the large bath so that the water level in the 

outside bath reaches to about one sixteenth of an inch of the top of the tissue 

bath. It has an inlet and an outlet for the perfusing solution, and an oxygen 

inlet {Fig. 1}. A thread is kept around the hook of the oxygen inlet with both 

ends fixed in plastacine on the side of the large bath. This greatly facilitates 

the insertion of a piece of intestine. One thread from an end of a piece of 

intestine is tied to one of the threads from the bath, and by gently pulling 

the other one, the end of the gut is pulled down to the bottom of the tissue 

bath and fixed there. The thread from the other end of the intestine is attached 

to the Short end of the writing lever, which is located directly above it (see 

Figo 2)e 

~e writing lever should be balanced so that the writing end is 

slightly heavier than the end to which the intestine is attached, and this is 

easily accomplished by placing some plastacine at the Short end. This too 

facilitates the attachment of the thread from the intestine. 

In order to maintain the fluid of the tissue bath at a constant level, 

a small capillary tube bent to hang over the side of the bath containing the 

intestine is placed into position. If the tissue bath is filled to overflowing 

each time, it auto~tically adjusts itself within 15 seconds to the level of 

the large bath. 
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Fi gure 1. 
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The Tyrode (perfusing) solution is plaeed in 100 cc amounts into 

Erlenmeyer flasks with a 200 cc capacity. These {2 or 3) are then placed 

directly in the large bath which keeps them at 370C and are weighed down by 

heavy lead wire which keeps them in position. By means of an atomiser bulb, 

the T.yrode solution may be pumped from the flask to the small bath. 

The fluid inlet and outlet of the small bath are controlled by means 

of two spring clamps on the rubber tubing. They are mounted on bases which rest 

on the bottom of the bath and their upper levers are extended so that they 

project above the water level, facilitating operation. When one flask of 

Tyrode solution is emptied, the stopper of another is removed and replaced by 

that containing the glass tube leading to the small bath (see Fig. 2). 

T,yrode solution has the following composition: 

NaCl 8.0; KCl 0.2; CaCl2 0.2; MgCl2 O.l; NaH2PQ4 0.05; NaHC03 1.0; Glucose 1.0; 

made up to 1000 cc with distilled water. The salts must be well dissolved before 

the.y are mixed since the solution will become turbid if this precaution is not 

observed. Such a solution will keep well for a month if it is kept in a glass 

stoppered flask. 

It has been found that Tyrode solution is a much better medium if it 

is allowed to stand for three to four days before using,a1though it may be used 

~ediately after making up. 

A kymograph running at a very slow rate is used for obtaining the 

tracings. The time-marker should indicate thirty-second intervals. 

{~) Preparation of the Intestine: 

A guinea pig, preferably one that has been starved for twelve hours, 

is killed by a blow on the head, the abdomen is opened and the ileum is rapidly 

removed, about 20 em in all. If the animal has been starved the gut is easily 

emptied by gentle milking. Occasionally however it is difficult to empty because 

of contracted areas. The distal (8 - 7 ~) portion is discarded, and the 
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Figure 2 

Apparatus for the Assay of Histamine. 
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remaining portion is placed in a beaker containing T,yrode solution. 

A small piece of the distal end of the kept portion is then removed 

and placed in a flat dish containing TYrode solution. This corresponds to 

the intestine found about 10 cm from the appendix. The portion should be 

about 2 em in length. Threads are tied to both ends, one of which is later 

tied to the thread leading to the tissue bath. The gut may now be pulled 

into the bath, supportiDjit by the other thread which is eventually fastened 

to the writing lever. This procedure is facilitated by transferring the gut 

to a small beaker of T,yrode solution which is placed in the large bath near 

the tissue bath. 

~ter the intestine is in position, in the small bath, it usually 

takes about 15-20 minutes before it becomes sensitive to histamine. Sometimes 

the addition of a small amount of a 1 y solution of histamine which causes a 

maximal contraction will ~eed up the onset of sensitivity. It Should be 

washed out ~ediately after the contraction has occurred. 

It has been noted that the addition of atropine in amounts sufficient 

to inhibit contraction by acetyl-choline in 0.5 y doses, does not affect the 

response to histamine, and further enhances the assay by inhibited the small 

spontaneous contractions which normally occur. Atropine has been added to the 

Tyrode solution routinely in a concentration of 1 x 10 - 7 (1 in 10 000 000). 

(c) Method of Dosage and Preparation of Standard Solutions: 

Assay by this method is based upon comparison of the height of a 

contraction produced by an unknown solution of histamine with that of a standard 

histamine solution. 

Standard solutions of histamine are prepared by weighing out 16.6 mg 

of histamine dihydrochloride which is equivalent to 10.0 mg of histamine base 

since the dihydrochloride salt is only 60% histgmine. This is then diluted 

to 100 cc with distilled water making a concentration of 0.100 mg/cc or 
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lOO y/cc (1 y : Oo001 mg). One cc of this solution is then diluted 100 times 

with 0.9% NaCl giving a 1 y/cc solution. The same glassware is always used 

for making up the standard solutions. The lOO y/cc solution may be kept for 

a week if it is stoppered and placed in the ice-box. The usual precaution of 

raising the temperature to 20°C before measuring it should be observed. 

Finally using N saline six standard solutions of 20 cc each are made 

up from the ~1 y/cc standard of the following strengths: o.o2y, O•Q4 y, 

0.06 y, o.os y, 0.10 and 0.12 y/cc. In carrying out an assay, the same volume 

of fluid is added for the standards and the unknowns. The volume i~ measured 

in a graduated one cc glass syringe of the o. T. type. A glass tip is affixed 

by small rubber tubing. The volume is equal to o.o5 cc of fluid in the syringe 

plus the quantity in the glass tip (~ 0.05 cc) or about 0.1 cc in all. Thus 

the volume of fluid added to the bath is always the same. This avoids the 

necessity for minute measurements by a micro-syringe, and as a result the 

values may irmnediately be read from the tracing. This volume of distilled water 

or normal saline which has been made slightly acid or alkaline, does not have 

any effect upon the gut preparation, when added to the tissue bath. 

(d) The Assay of Histamine: 

As soon as the gut preparation responds to a dose of histamine of 

0.1 y/cc it is ready for use. It is always best to repeat this dose several 

times as the preparation gains in sensitivity until the maximum is reached. 

~er this the sensitivity varies somewhat, but this variability is equally 

effective on both standards and unknowns so that it may be ignored. 

Such a preparation is sensitive to differences of o.oo5 y of histamne. 

Figure 8 shows the response of the gut to various standards. It will be noted 

that the sensitivity of the gut has slightly incr~ased towards the latter part 

of the tracing since the o.oe y and 0.04 y standards now stimulate a greater 

response than they did in the first portion of the assay~ 



Figure 3. 

Showing the Sensitivity of the Gut-Preparation to Different 
Standard Solutions of Histamine 

(Time in 30 Seconds). 

l3la 
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Satisfactory results have been obtained by timing the assays as follows: 

The histamine solution is placed in the tissue bath and allowed to act for 

30 seconds. The contraction to histamine is usually complete by 15 seconds. 

The lever is then moved away from the drum and the tissue bath is drained, and 

then filled with fresh Tyrod~. At the next 30 second mark, the lever is re

placed on the kymograph and 30 secdhds afterwards another dose of histamine is 

placed in the bath. Thus the gut contracts once every 90 seconds. SUch a 

preparation may last as long as two hours with this regular stimulation. It 

is best to alternate an uriknown with a standard solution. A typical assay 

may be seen in Fig. 4. The standard solutions are always indicated by decimal 

numbers, i. e. 0.1, 0.04 etc., whereas the unknowns are designated by a whole 

number, frequently with the dilution marked below, as is usually required in 

the assay of tissues. 

Barsoum and Gaddum (1935a) demonstrated that if a guinea pig gut 

preparation is stimulated by a large dose of histamine, i. e. 50 y/cc, a 

maximal contraction occurs, and the intestine takes about twenty minutes to 

relax even after several washings. When complete relaxation has occured, the 

preparation will respond to other st~ulants such as choline or acetyl-choline. 

or barium chloride, but is refractory to histamine. This may therefore be 

used as further evidence that an unknown substance is histamine. An example 

is seen in Fig. 5. 

(2) Cat Blood Pressure: 

(a) The preparation: - The method for the assay of histamine has been 

described by Burn {1927). Cats weighing between 1.5 - 3.0 kg have been employed 

generally. They are anaesthetized with 'Dial' (Ciba) given intraperitoneally 

in a dose of Oo5 cc/kg body weight. The animal is usually ready after about 

twenty minutes. The blood pressure is obtained by cannulating the right carotid 

artery and using the usual mercury~ometer method for obtaining the blood 



Figure 4 

Example of Histamine Assa~ . 0.06, 0 .08 etc. are 
Standard Solutions. 7 /lOO, /lOO are unknown Extracts . 

132a. 



132b 

Figure 5 

Showing Paralysing Effect of a Large Dose of Histamine . The Gut 
Responds to Acetyl-choline (AcCh) but does not Respond to Histamine 

Standards (H) or Tissue Extracts. 
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pressure tracing. Occasionally the femoral artery has been employed instead 

of the carotid. 

The fluid in the blood pressure system contains equal parts of a 3.5% 

sodium citrate solution and a second solution which has the following composition: 

NaHC03 - 93.0 gm. 

NaC2C03 - 143.0 gm. made up to 2000 cc with distilled water. 

The injections of histamine are given intravenously. A small glass 

cannula is inserted into the "femoral vein and it is connected to a 20 cc glass 

syringe containing normal saline by small rubber tubing about eight inches in length 

A hypodermic needle is inserted into the lumen of this tube about two inches from 

the cannula and the tube is kept closed by an artery forceps just above the aannula 

between it and the hypodermic needle. All air bubbles must be removed from the 

system before an injection may be made. 

{b) Dosage and assay of histamine: - To make an injection, the solution is 

measured out in a graduated 1 cc syringe of the o. T. variety. The syringe is 

inserted into the hypodermic needle, and after releasing the artery forceps, its 
SAl-IN£ 

contents are injected. All injections are washed in by 1 cc of eoSiMR from the 

large syringe and tFle tube is again clamped. When the blood pressure has been 

recorded, the kymograph Should be stopped in order to facilitate comparison with 

the next response. Injections can be made every three minutes. 

Usually two standard histamine solutions are employed one having a hist~ 

content of 1 y/cc and the other or 5 y/cc. Any strength of histamine solution may 

be used, but for accuracy the unknown should be diluted until it compares with a 

histamine solution or 0.3 to 1.0 y/co. 

If the presence of choline or acetyl-choline is suspected in an extract, 

the an~l should be atropinized by giving a total dose of l-2 mg of atropine sul-

phate. This takes about thirty mdnutes to exert its effect. 

Ex:amples of this type of assay are shown later (see Figs. 7 and s.). 
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"E;Perimental Data." 

The various experiments which are about to be described have been 

carried out on rats of the 'hooded' strain from the same colony. The animals 

were fed on a standard Purina diet. 

In order to obtain the tissues or blood, the animals were first 

anaesthetized with ether, the abdomen was opened and blood was removed tram 

the inferior vena cava and the amount was noted. Tissues were then removed 

and placed directly into a previously weighed beaker containing 10% HClo The 

stomach or small intestine was always opened and washed clean. The excess 

moisture was then removed by placing the tissue on thick filter paper, and 

the tissue was then placed into the bottles containing the hydrochloric acid. 

All values for histamine given in the experimental data are expressed 

as histamine base in gamma per gram of tissue or gamma per cc of blood. 

A. Studies on the Intact Ani.11.8.l: 

(1) The histamine content of the blood and tissues of the normal rat: 

EXperiments were carried out in order to determine the histamine content 

of the blood and tissues of normal animals. The results which are herein pre

sented are taken in part from the controls of other experiments. .Animals weighing 

from 150 - 180 grams were used, and observations were made on the histamine 

content of the blood, lungs, liver, muscle, stomach, small intestine and kidneys. 

The results are given in Table IV and in Figure 5. 

The histamine content of lung tissue was found to average 8.1 Y/f!!Jl 

for females and 9.0 yfgm for males, with variations of from 5.2 to 13.2 in the 

females and from 5.5 to 15.6 in the males. These figures do not agree with 

those given by Raxlen (1~30) who found values of 2 - 3 Y/f!JJl for the rat. 



135. 

TABI.E IV. 

The Histamine Content of some Tissues of the Intact Rat 

LUNG LIVER MUSCLE STOMA. CH INTESTINE 

~emale Male Female Female Male Female Male Female Female 

0,3 16.6 8.5 1.3 4.2 4.9 9.6 9.2 3.09 
0,39 8o5 8~0 1.3 8.6 5.8 15.6 4.48 

o.35 5~8 7..0 1.2 8.9 15.0 4.80 
0,08 6.5 6.2 1.8 5.9 13e3 

o.35 9o1 10.7 1.8 5.2 15.0 
o.5 5.5 10.8 5.9 12.6 

o.s 7.4 5.1 14.8 

0.54 12o4 5.5 20.0 
0.43 7.8 4.0 s.o 
0.23 7.3 10.1 
0,6 8.5 10.6 
0,9 8.6 
o.e 13.2 
o.e 9.2 
o.g __ 6.8 
0,16 
1.6 
0,32 

-lvera~e values: 

0.54 9.0 Sol 1.4 5.9 5o3 13.2 4.12 
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• MA L E RAT 

0 FE M A LE RAT 

AV ERAGE BLOOD H ISTAMI~ CONTENT 

0 0 

• 0 0 0 
Male 0,035 y per cc 

• 0 0 0 0 Female 0 ,06 y per cc 

• 0 • 0 0 

• • • 0 0 

•• • • 0 0 

• • • 0 0 

• • • 0 0 

• • • 0 0 0 

• • • • • 0 0 

• • • • • 0 0 0 

• • • • •• 0 0 0 

• • • • • • 0 0 0 

.02 .03 .04 .05 .06 .0 7 .OB .09 .1 0 
HISTAMINE (base ) IN GAMM A PER CC B L OOD 

Showing the Histamine Content of the Blood of the Male 
and Female Rat. 
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(2) Studies on the sex difference of the histamine content of the 
blood of the rat: 

On examining the results obtained for the histamine content of 
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whole blood, it soon became evident that there was a difference in the con-

centra tion of hi ste.mine in the blood of male as compared with female animals 

(Rose 1938). The average blood histamine of' 40 male rats was found to be 

0.035 y/cc whereas that of 34 female rats was found to be 0.06 y/ce (Fig. 6). 

These were all adult animals varying from 150 to 220 grams in weight. 

Various procedures were performed in an attempt to determine the 

underlying mechanism for this difference. 

(a) Ovariectomy: Eighteen adult female rats averaging about 

180 grams in weight were divided into two groups of nine. One served as 

controls. The other group were ovariectomized. ~ter one month the histamine 

content of the blood of both group was determined. 

No change in the histamine content of the blood was noted, nor in 

that of the kidney. An increase in the histamine content of both lung and 

liver tissue however was observed. The average histamine content of lung rose 

to 19.8 y/gm as compares with 8.2 y/gm in the normal, that of the liver rose 

to 3.6 y/gm as compared to 1.4 y/gm in the normal. The results are shown 

in Table V. 
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TABLE V. 

Effect of Ovariectomy upon Histamine Content of the Blood and 
Tissues of the Female Rat. 

LUNG LIVER KIDNEY 

137. 

Control Castrate Control Castrate Control Castrate Control Castrate 

o.oe 0.04 8o5 21.5 1.2 4.6 0.5 0.72 

o.oa o.oa 7.0 15.5 1.3 4.7 0.6 Oo35 

o,oe 0.06 10.7 19.7 1.3 0.9 0.2 o.oo 
o.o5 0.10 7.4 20.4 lo2 3.5 0.2 0.10 

o.o3 0.11 8.3 19.3 1.8 3o9 

0.05 0.09 7.3 22o4 lo8 4.2 

o.1o 0.09 
o.o? o.o9 
o.u o.oa 

lverage: 

0.082 19.8 lo4 0.36 
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(b) Ef~ect of castration: Thirty adult male rats weighing 

180 grams on the average were divided into two groups. Ten animals served 

as controls. The remaining twenty were castrated and at intervals of one 

to two months after castration the histamine content of the blood was 

determined. 

It will be seen that the average histamine content of the blood 

de~initely increased, the hista~ine content of the blood of the control 

animals being 0.038 y/cc, whereas that of the castrates was 0.07?/cc. 

(see Table VI). 

On the examination of the figures obtained for the blood histamine 

of the castrate animals, it will be noted that although the average histamine 

content is higher after castration, the results are somewhat variable. 



lne Effect of Castration on the Histamine Content of the Blood 
of the Male Rat. 

BLOOD HISTAMINE 

Controls Castrates 

o.04 0.06 

o.o3 o.o5 

0.035 0.05 
0.04 0.04 
o.o3 o.o6 
0.04 o.o5 

o.o5 o.04 
0.04 0.035 
0.045 0.05 

0.035 0.24 
0.16 
0.07 
0.16 
o.oa 
0.06 
0.12 
0.05 
o.oo 
0906 
o.o6 
o.o5 

Average o.o38 Average 0.077 

139. 
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Discussion: 

Previous observations have indicated that there is a sex difference 

in the histamine .content of the gonads. In Table I {see p.lO) it will have 

been noted that the ovary contains approximately ten t~es the amount of histamine 

which is found normally in the testis (Gaddum and Dale 1936). The relationship 

of the gonads to histamine metabolism is not tUlderstood, although there are 

several isolated findings which seem to indicate that same interrelationship 

exists. For example, Marcou et al {1938) found that the histarrdne content of the 

blood of pregnant women diminished at the time of labour. They also noted that 

there was a marked increase in the blood histaminase at this time. Danforth 

and Gorham (1937) and Danforth (1939) have shown there is some relationship to 

the amount of histaminase found in the placenta and theEtficieney of uterine 

eontraetions. The.y do not believe however that the evidence is sufficiently 

definite to warrant such a coDiusion. It is also interesting to note that Ungar 

and Dubois (1937) found a histamine-like substance in the urine of pregnant women. 

They examined 107 specimens and found histamine in 72 eases. On the other hand 

the urine of non-pregnant women and normal man did not contain histamine (Ungar 

and Pocoule 1937). 



B. The Effect of Adrenalectomy on the Histamine Content of the Tissues 
of the Rat. 

The relationship of the adrenal glands to the metabolism of histamine 

has been discussed in a previous section (P•ll4)• It was decided to study the 

effect of adrenalectomy upon the histamine content of the tissues of the rat. 

Rats weighing between 150 and 180 gms were usedo Under ether 

anaesthesia, the adrenal glands were removed, through two lateral incisions. 

Care was exercised not to rupture the cortex so as to prevent regeneration 

of cortical tissue. The animals were then placed on the usual Purina diet 

and were given o.a5% sodium chloride to drink instead of water. This diet 

plus the normal saline to drink maintains these animals in a healthy condition 

for as long as several months. Since it has been established that sensitivity 

to histamine is increased only about five to six days after removal of the 

adrenal glands (Mar.morston~ottesman and Perla 1931) these animals were kept 

for seven days after adrenalectomy. They were then killed and the tissues 

were removed and examined for their histamine content. 
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TABLE VII 

The Effect of Adrenalectomy on the Histamine Content of the Tissues 
of the Rat. 

MUSCLE IlJNG STOMA. CH SMALL INTESTINE 

Normal Adrenal- Normal Adrenal- Normal Adrenal- Normal Adrenal-
ectomized ectomized ectomized ectomized 

4.2 5.8 8o5 9.5 9.2 26.4 3.09 10.7 

8.6 4.7 a.o 11.3 15.6 17.3 4.48 11.6 

8.9 5.9 7.0 6.5 15.0 19.5 4.80 6.6 

5.9 6.3 6.2 9.5 13.3 20.0 8.o 

5.2 5.4 10.7 5.8 15.0 24.0 10.0 

5.9 5.8 10.8 12.7 12.6 31.0 

5.1 5.9 7.4 12.5 14.8 30.0 

5.5 4.6 12.4 ll.5 20.0 21.0 

4.0 7.6 7.8 8.0 20o0 

7.3 10.1 27.0 

8.5 10.6 25.0 

8.6 31.8 

13.2 44.4 

9-.2 44.4 
6.8 

Averages: 

s.1 
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On examination of the results (see Table VII) it will be seen 

that there is a marked increase in the histamine content of both stomach 

and small intestine. The increase in the stomach being lOO% and that in the 

small intestine 126%. A Imlch smalJ er increase namely 23% is observed in the 

histamine content of the lung and no change occurs in that of the muscle. 

Examples of the assay of extracts of both stomach and small intestine may 

be seen in Figures 7 and a. 

Since it is known that adrenalectomy will affect the weights of 

various organs, the average weights of the lung and stomach were estimated 

in a series of normal and in a series of adrenalectomized animals, 

lpaintained on a Pu.rina diet and 0.9% Na.Cl, the tissues of which were removed 

seven to ten days after removal of the adrenal glands. 'B:le results are 

given in ':fable Vlll • 



Figure 7 

Example of Assay of Extracts of Stomach Normal and Adrenalectomized 
Animals on Cat Blood Pressure and Guinea Pig Gut . 

Ex:t . No. 1 (normal stomach) land A 
Ex:t . " 3 drenalectomized Stomach 

before Atr opine III 
after Atropine II 

Ext . " 10 Adrenalectomized stomach B. 

l43a 
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Figure e 

Example of Assay of Ex:tract of Intestine from Normal and 
Adrenalectomized Animals . on Cat Blood Pressure and 

Guinea Pig Gut . 

A and C 
Band D 

- Ext . No . 13 (adrenalectomized 
: tt tt 10 (normal) 



TABLE VIII. 

Average Wet Weight of Lungs and Stomach of normal and Adrenalectomized Rats 
Maintained on Normal (Oo9;~) Saline. (in grams). 

UJNG STOMA. CH 

Normal Adrenalectomized Normal Adrenalectomized 

1.66 loO 1.89 Oo85 
Oo9 1.39 o.a6 1.3 
1.1 1.37 o.aa 1,1 
1.19 1.58 0.94 0.9 
1.0 1.45 1.19 1.12 

1.43 1.9 0.95 0.98 
1.14 1.47 1.0 1.0 
1.25 1.43 0.75 1.2 

1.23 1.8 0.73 0.9 

1.0 1.3 0.93 loO 
o.sa 1.35 o.a5 0.94 

1.3 1.4 0.99 1.1 

1.3 1.3 Oo85 o.9 

1o2 1.35 0.83 0.9 

1.4 1.32 1.00 

1.2 1.61 
1.8 1.57 

1.13 1.5 
1.2 1.3 
1.3 1.3 

1.7 
1.5 
1.55 
1.3 

Average Weights: 

1.23 1.44 0.98 1.01 
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It will be seen that there is an increase of 8% in the weight 

of the lungs after adrenalectomy, while an insignificant change takes place 

in weight of the stomach. If this increase in weight were due to water it 

would tend to lower the histamine concentration providing that the total 

histamine content of the lungs was not altered. This would make the increase 

in the histamine content of the lungs slightly higher than 23% after 

adrenalectomy. 

Discussion: 

The discussion of these results and of two subsequent series of experiments 

which also deal with the relationship of the adrenal gland to histamine will 

be found together in a later section (see p.lBQ. 



c. The Distribution and Rate of Disappearance of Histamine Injected 
Intravenously in the Rat.: 

( 1) Intact animal: 

146. 

Although observations made by previous workers have indicated that 

histamine may be inactivated rapidly in the organism (Oehme 1913; Dale and 

La.idlaw 1910; Dragstedt and Mead 1935) the actual rate of disappearance and 

the fate of the injected histamine had not been determined. Dragstedt and 

Mead (1935} noted that if a dose of 0.5 mg of histamine per kg was injected 

intravenous~r into a dog, histamine was detectable in the blood at two 

minutes after the injection but not at five. Traces were observed in the 

blood at thirty to forty mdnutes after the injection of 3.0 to 4.0 mgjkg. 

It was therefore thought that it would be of interest to study 

the fate of intravenously injected histamine. 

The srune method of injection was used in this group of experiments: 

the only difference being in the size of the dose. Solutions of histamine 

HCl were made up in 0.85% NaCl. The animals were first anaesthetized, and 

the jugular vein was exposed on one side. The solution of histamine was then 

rapidly injected intravenously, the wound closed and the animal allowed to 

recover. The volume of the injected fluid at no time exceeded 2 oe. After 

a definite period the an~al was again anaesthetized, the abdomen opened and 

a sample of blood removed from the inferior vena eavao The tissues were thea 

removed as previously described. 

(a) Rate of disapPearance of large intravenous doses of histamine 

from the blood: - In a group of eleven adult male rats weighing about 

250 grams, an intravenous injection of 96 y of histamine per gram body weight 

was given. The total amount injected would then be 24,000 y (40 mgm of 

histamine HCl, the salt used throughout the experiments). 

The animals were killed at 3, 5, 10, 15, 30 min11tes, 1, 2, 3, 4, 5 



and 6 hours after the injection had been given. The resulting curve is 

seen in Figure 9. It will be seen that the blood histamine content is 
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150 y/cc at three minutes after the injection. Even assuming that no decrease 

of blood volume took place and that such an animal has a blood volume of 12 cc 

the total histamine content of the blood would be 1800 y or 7.5% of the total 

amount originally injected. If a decrease of blood volume occurred as early 

as this even less is recovered. The blood histamine decreases rapidly as 

will be seen. At the end of six hours however, a small amount may still be 

detected the value being 2 y/cc. (normal bl~od histamine 0.035 y/cc). 

(b) Distribution and Rate of disapPearance of intravenously injected 

histamine from the blood and tissues of the rat: - From the results of 

the foregoing experiment it is evident that histamine disappears from the blood 

of the rat when it is injected intravenously. 

In order to determine further the fate of this intravenously injected 

histamine, experiments were carried out on adult male and female rats weighing 

from 180 - 220 grams, in which the tissue histamine content was estimated 

as well as that of the blood. Since it was desired to study the effects of 

adrenalectomy and since it is well known that adrenalectomized animals are less 

resistant to histamine than intact animals a smaller dose namely 24 y of 

histamine per gram body weight was therefore used so that results might be 

compared in the normal and adrenalectomized animal. In such an animal the 

average dose of histamine injected was about 4800 y (s.o mgm histamine HCl). 

The histamine was injected in the same manner as described in the 

foregoing experiment, but in this series the animals were killed fifteen, 

thirty minutes, one, two and three hours after the injection. The tissues 

studied were blood, lung, liver, kidney and lymph glands, stomach, small 

intestine, spleen and appendix. The results are expressed in Table IX and 

Fig. 10. The results expressed in these tables for the blood, lung, liver and 
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kidney of normal and adrenalectomized animals represent the average of 

six experiments in most cases. Those of the :r;emaining tissues are averages 

of three experiments. 

Figure 10 

C: Intact 

- ad,..nal~tomlzed 

L1 VER LUNG LYMPH GLANDS BLOOD 

APPENDIX SPLEEN 

Distribution and Rate of Disappearance of Histamine from 
the Tissues of the Rat following the Intravenous 
Injection of 24 gamma of Hist amine (Base) ~er gram 
Body wei ght . The Height of the White Columns denotes 
the Amount found in the Tissues of the Intact Animal . 
The Height of the black Colmans denotes the -~ount in 
gamma :per gram found i n the issues of the Adrenal 
ectomized Animal at the same Time Period . The abcissa 
represents time after the Injection and is the same for 
each Tissue. 
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TABLE IXo 

Blood Kidney Lung Liver Lymph Gland 
.me 

Normal Adrenal- Normal Adrenal- Normal Adrenal- Normal Adrenal- Normal Adrena1-
ecto- ecto- ecto- ecto- ecto-
~z~ ~z~ ~z~ ~z~ ~z~ 

ru.rs y/cc y/cc y/gram y/gram y/gram y/gram y/gram y/gram y/gram y/gram 

./4 15.2 20.0 480 540 64 80 79 115 68 80 

./2 9.7 18.0 460 540 54 75 21 74 20 80 

1 5.0 12.0 188 588 22 65 8 55 18 70 

2 0.5 10.0 17 290 10 55 4 25 10 40 

5 0.2 7.0 4.0 95 10 12 4 7 50 50 

====-!:'"==== 
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It will be observed from these results that even at fifteen 

minutes, the distribution of the histamine is markedly in favour of the 

tissues as compares with the blood. The blood value was 14.0 y per cc or 

about 280 times the normal. The histamine content of the lung was 64 y per 

gram whereas the kidney histamine content was far in excess of any of the 

other tissues studied, being 480 y /graJ!l or about 1600 times its normal 

value. 

The histamine content of the other tissues, namely stomach, small 

intestine, appendix and spleen was relatively only slightly raised, the 

increase never being greater than 20 t~es the normal amount fifteen minutes 

after the injection. 

A consideration of the rate of disappearance of histamine from the 

tissues reveals that during the fifteen to thirty mdnute period, the concen

tration in the kidney decreases slightly or not at all. In the thirty minute 

to one hour period, however, a marked decrease in the histamine content of 

this organ takes place, namely from 460 y per gram to 188 y per gram (Fig.ll) • 

At the end of three ho,xrs, all values of the tissues approach normal with the 

exception of the blood and kidney which are still raised to some ten times 

the normal. Although the histamine content of the l.ymph glands is also raised, 

marked variations in the results in different experiments were noted. 

If the histamine content of all the tissues studied is totalled at 

the fifteen minute period, 1540 y (3~p) of the injected histamine is accounted 

for of which 720 y (1.5,&) are in the kidney (see Table X). 
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TABLE X-.-

Average Total· Histamine Total Distri- Percent-
Histamine Histamine Cone en- Histamine but ion age recov-

Average Cone en- Concen- tration Concen- of re- ered at 
. s s u e Weight tration tration 15 Minutes tration covered 15 Min • 

Normal Normal after 15 Min. Histamine of total 
Injection after Inj. 15 Min. amount of 

after Inj. Histamine 
injected 

grams y/grrun y y/gram y per cent 
or/cc or/cc 

)od 10 cc 0.05 0.5 14.0 140 9.1 2.91 

tg 1.5 4.0-10.0 6.0-15.0 65.0 97 6.5 2.0 

rer 4.5 2.0- 4.0 9.0-18.0 80.0 560 25.4 7.5 

lney 1.5 0.0- 0.4 0.6 480.0 72.0.0 46.7 15.0 

.een 0.7 2.0- 5.0 5.5 25.0 17.5 1.15 0.56 

~n intestine 4.5 5.0-6.0 !7.0 50.0 155 8.75 2.81 

lendix 0.8 10.0 8.0 58.8 51 2.1 0.66 

1mach 1.8 9.0 16.2 22.0 59.6 2.5 0.82 

= = = = = = = = 
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( 2) Adrenalectomized animals: 

EXperiments were aarried out on adrenalectomized an~ls under the 

same conditions as described in the foregoing experiments. The animals were 

from the same colony and of the same ap:proxima te weight. Adrenalectomy was 

carried out as :previously described, and the animals were maintained in good 

health, being fed on a Purina diet, and given 0.85% saline to drink. Only 

blood, 11.mg, liver, kidneys and lymph glands were studied. The same dose of 

histamine, namely 24 y/f!JJ1 body weight was injected, and the blood and tissues 

were removed at the same time intervals. 

These animals will tolerate such a dose of histamine, although not 

as well as the intact animal. 

In preliminary experiments, an~s were used five days after the 

adrenalectomy and in this case, no definite change in the distribution of the 

histamine or in the rate of its disappearance could be noted as compared 

with the normal. Subsequent experiments were performed on anUnals which were 

adrenalectomized at least ten days :prior to the experiment. The results are 

shown in Table IX and Figure 10. It will be observed that at fifteen minutes 

after the injection, the distribution ~s in general the same as that for the 

intact animal. The blood histamine content however is higher even at fifteen 

minutes, it being 20.0 y :per cc as co~red with that of the intact animal 

at this time which is 14.0 y/cc. 

In the subsequent time periods however, a marked retardation in the 

rate of disappearance of histamine from the blood and all the tissues is 

observed. This retardation is definite at the thirty minute period and is 

most marked at the first and second hours. Of all the tissues studied, the 

kidney is most affected. At the three hour :period, all of the tissue values 

are approaching normal with the exception of that of the kidney which is still 

200 times the resting normal amount, and that of the blood which is lOO times 

the normal amount. The discussion of these results will be found on page 180 



(3) The effect of the administration of cortin and of desoxycortico
sterone acetate on the rate of disappearance of intravenously injected 
histamine in the adrenalectomized rat: 

It has been shown by various observers that the increase& sensitivity 

to histamine which occurs following adrenalectomy in the rat may be restored 

to normal by the administration of adreno cortical hormone preparations. 

(Marmorston~ttesman and Per1a 1931; WYman 1928; Ingle 1936). 

It seemed of interest therefore to determine the dose of cortin 

and of a ~thetic compound namely desoxycorticosterone acetate which would 

be required to restore the ability of the adrenalectomized rat to inactivate 

histamine. 

Rats, divided into groups of six were first adrenalectomized and 

maintained on Purina and o.s~~ saline. On the seventh day treatment with either 

cortin (Wilson) or desoxycorticosterone acetate was begun, and continued for 

four d~vs, the doses being varied. 

The preparation of cortin used was that prepared by the Wilson 

Laboratories, of which 0.5 cc daily injected subcutaneously is regarded as a 

maintenance dose for the adrenalectomized rat. The desoxycorticosterone acetate 

was used in an oily preparation 1 cc of which is equal to 5 mgm of the acetate. 

It is injected intramuscularly. 

In all, six groups of an~als were treated and in each case the last 

injection of cortin or desoxycorticosterone acetate was given 12 hours before 

the injection of histamine. 

As in the two series of exper~ents previously described a dose of 

24 y of histamine per gram body weight was injected intravenously. Since it 

has been shown that the decrease in the ability of an adrenalectomized animal 

to destroy histamine is most apparent at the first and second hour after an 

intravenous injection of histamine has been made, the animals were killed at 

periods of one, two and three hours. The tissues removed for study at these 

times were blood, kidney and liver. - The results are given in Table XI. 



TABLE XI. 

Effect of Varying Doses of Cortin and of Desoxycorticosterone Acetate on the 
Rate of Disappearance of Intravenously Injected 

Histamine in Adrenalectomized Animals. 

DATA 

1st 
hour 

:-mal animals 3.0 

:.-enalectomized 12.0 
animals 

:.-enalectomized 
animals 

:-tin 0.5 ce 
lly for 4 days 

:.-enalectomized 
animals 

:-tin 2 cc daily 
for 2 days 

llo5 

BLOOD 

2nd 
hour 

0.5 

lOoO 

8.8 

and 8.4 3.5 
~cc x 2 for 

2 days 

t'enalectomized 
animals 

artin 2 cc x 2 
for 3 days 

and 1.8 1.0 

cc x 4 for 
1 day 

renalectomized 
animals 

aaox,cortico-
aterone 

5 Dig X 2 for 
a days 

6.5 3.2 
and 

for 

3rd 1st 2nd 3rd 1st 2nd 
hour hour hour hour hour hour 

0.2 8.0 4.0 4.0 188 1? 

.J?.O 53 25 7.0 388 290 

2.9 34.0 14.? 9.9 224 206 

265 124 

0.45 15.1 3.9 2.5 81 13.8 

o.? 20.0 6.4 3.1 236 53 

3rd 
hour 

4.0 

95 

81.0 

9.? 

11.0 

155. 
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It will be observed that if a maintenance dose of cortin, namely 

0.5 cc daily, is given S:!J.bcutaneously to adrenalectomized animals for four 

days, little or no increase in the ability of the animals to inactivate 

histamine is observed. It was found that a dose 2 cc twice daily for three 

days followed by four daily injections of 2 cc for a fourth day was able to 

restore the ability of the animals to inactivate histamine to within normal 

limits. 

When desoxycorticosterone is used, it will be seen that 5 mgms. 

daily for three days :following by 10 rngms. f'or a fourth day restores the 

ability of adrenalectomized animals to inactivate histamine to within 

normal l:Lrni ts. 

During the course of' the experiments it seemed however that the 

animals treated with adequate doses of cortin were in better condition as 

judged ~J their general reaction to the injection of histamine and by the 

amount of available blood, than those treated with the 3,1nthetic producto 

T.his may be due to the fact that the cortin extract contains more 

than one principle of the adrenal cortex, whereas the synthetic preparation 

is a concentrate of one factor only. 

Discussion: 

The discussion of ~hese results will be found in conjunction with 

the other experiments dealing with the relationship of the adrenal gland to 

histamine metabolism {see page 180). 
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"Studies on Histaminase." 

In a previous section (P•20 ) the various mechanisms by which 

histamine may be destroyed in the animal organism were discussed~ Amongst 

these, histaminase, an en~e s.ystem which was described by Best (1929) 

and Best and McHenry (1930) is the only one which is well understood. It 

was pointed out that the e~e acted best at a PH of 7.2, and at ~temperature 

of 37°0, and that it inactivated histamine by a process o~ deamination in 

which a molecule of anmonia was liberated for each molecule of histamine 

inactivated. The greatest source of this substance is foWld in the kidney 

tissue of most mammals. It was shown however by MeHenry and Gavin (l932b) 

that the kidneys of the rat and guinea pig did not contain any histaminase. 

In order to determine what the mechanism of the destruction or 

inactivation of histamine might be in the rat, it was decided to study the 

histaminase content of the various tissues in this animalo 

(1) First Method: 

Because of the available amounts of tissue and for the sake of 

convenience the following simple method was adopted. 

The animals were first anaesthetized; the organs were removed and 

washed. The stomach and intestine were always opened and thoroughly cleaned. 

These tissues were then finely ground through a small tissue grinder. 

Varying amounts of the finely minced tissue were placed in small wide~outhed 

beakers containing 20 cc of phosphate buffer at PH 7.2 and 1 cc of a solution 

of hi stamina (1.0 mgm of histamine (base) per cc). Toluol was finally added 

and the whole placed in an incubator at 37°0 for sixteen hours. After 

incubation the spec~ens were broughtto the boiling point and after cooling 

they were made up to a volume of 50 cc with normal saline and assayed 
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directly. The amount of histamine present indicated how nmch had been 

destroyed by the tissue. Several specimens were put through the method for 

the extraction of histamine fron tissues as described in the section on 

methods (see p.l26). Results of the histamine assay on both types of extract 

were always in agreement. In these as in other experiments the figures 

for histamine are expressed in gamma. (see Table XII). 

Assays were made on the guinea pig ileum preparation. The 

following tissues were studied: lung, liver, small intestine, kidne.y 

and blood. 
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TABLE m. 

Histamine Content of Solutions after Incubation with Rat Lung Tissue. 

Comparison of Results obtained by {1) Direct Assay; (2) Assay after Ex:traetion. 

Weight of Tissue Direct Assay After EXtraction 

o.5 gm 700 

o.5 " 650 

Oo5 " 750 

0.5 " 700 

0.5 " 680 

0.5 " 720 
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In the first series of experiments it was observed that, although 

toluol was always added to the contents of the beakers, contamination of the 

specimens by bacterial growth was a frequent complication. This occurred 

mostly in the specimens containing intestine and liver. It also occasionally 

occurred in the specimens containing lung tissue. The presence of bacterial 

contamination was easily noted by the putrid odour of such specimens. 

Although contaminated specimens were generally discarded, same 

were assayed for their histamine content. The results obtained were 

extremely variable, a marked increase over the initial ~ount of added 

histamine being found in some, whereas a marked decrease was found in others. 

Discarding the contaminated spec~ens, it was found that of all 

the tissues studied, namely lung, liver, kidney, small intestine, spleen 

and blood only two were capable of destroying histamine. These were name~ 

lung and small intestine. (see Table XIII). 
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TABLE XIII 

Ability of Various Tissues of the Rat to Inactivate Histamine. 

(First Method). 

~.No. Lung Histamine Intestine Histamine Blood Kidney Spleen Liver Control 
in grams destroyed in grams destroyed 

42 lo4 450 6.5 350 0 0 0 1000 

47 2.3 430 5 .8 425 0 0 

60 1.3 550 7.6 700 700 0 5 controls 
all 

inactive 

lo4 300 4.0 0 0 0 0 0 



It was noted at this point that control spectmens, i. e.; 

~fer solution containing 1.0 mgm of histamine to which toluol had been 

added, were also frequently inactivated. 

It was then decided to study the effects of various procedures 

on the histaminase content of the lung. 

A series of twenty-one experiments was carried out in which 

varying amounts of lung tissue from adult male and female rats were incubated 

with 1.0 mgm of histamine as described above. These included the effects 

of pretreatment of animals with vitamin c, thyroxin and the effects of 

hypophysectomy. Examples of the results all of which were negative may 

be seen in Table XIV. 
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TABLE XIV. 

Histaminase Content of' Normal Rat Lung and of the Lung Tissue from Rats 
af'ter Various Procedures. 

(First Method). 

E:x:p. No. Remarks Amount of Tissue 

Normal lung 

47 " ft 2.3 
1.2 

------
Animals received 6.6 

101 thyroid gr. 2 o.g 
for 8 days 2.5 

102 Thyroidectomized o.s 
animals o.5 

-·------
Animals treated 
with 50 mg of' 1.59 

127 vi t. C daily f'or 
seven days 

Control 1.4 

106 HYPophysectomized o.4 
animals o.5 

o.7 

Controls o.7 
o.95 
0.7 

I 

Histamine Destroyed 

450 
300 
600 

430 
625 

---~-~--~ 

500 
600 
450 

500 

500 

600 

625 

500 

600 
500 

700 

700 
700 

== 



Because of the fact that most of the results obtained in the 

experbnents using this first method are not acceptable for reasons which 

w111 be pointed out later, some of the data has been left ouDo 

A series of experiments on the effect of adrenalectomy on the 

histaminase content of rat lung tissue were also carried out. 

164. 

Rats were adrenalectomized as previously described and maintained 

on normal (0.9%) saline. After eight to ten days a group of four 

adrenalectomized and two control animals were killed, the lung tissue was 

removed, and its histaminase content was determined. The lungs from the 

control animals were examined at the same timeo Ten experiments were done 

in all. The results of six of these are shown in Table X)[. 



TABLE XJT. 

The Ef:fect of Adrenalectomy on the Histaminase Content of the Lung of' the 
Rat. 

(First Method) 

NORMAL ADRENALECTOMIZED 

~. No. Grams of Tissue Histamine Destroyed Grams of Tissue Histamine Destroyed 

57 1.4 625 2.35 600 

67 1 8 200 2.0 lOO 

81 Oo5 600 3o0 100 
2.3 200 

86 o.5 750 2.0 420 
1.7 400 

89 1.2 400 2.4 450 

1.2 heated 0 2.3 550 

91 o.3 300 2.0 400 



It was observed from these results that tissue from normal 

animals was capable of inactivating more hist_amine than that from adrenal

ectomized animals. Since the quantity of tissue from the control and 

adrenalectomized animals was varied, a strict comparison could not be made, 

but the figures seemed convincing if the amount of histamine destroyed 

were computed on a weight basis. For example in experiment 86, Table XJl, 

the tissue from the control animal is capable of destroying 1500 y per gram 

whereas only 210 yfgrarn. is destroyed by the tissue from adrenalectomized 

animals. 

It was assumed however that greater amounts of tissue should be 

capable of inactivating proportionately larger amounts of histamine than 

smaller quantities of tissue if the mechanism were a true enz,rme ~stem. 

It was soon noticed however that this was not the case and that in fact 

the reverse was true (see Table XVI} o 



TABLE XVI. 

Et:fect o:f Varying the Amount of' Lung Tissue on the Ability of the 
Lung to Inactivate Histamineo 

Ex:p. No. 

120 

126 

130 

(First Method) 

Weight of Tissue 

o.l5 
0.25 
o.5 
2.0 
2.1 

Hi stamina Destroyed 

600 
600 
800 
600 

450 
400 
550 
400 
500 

640 
600 
400 
350 
350 

167. 
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Small amounts of tissue inactivated relatively large amounts of 

histarrdne and as more lung tissue was added, less histamine was destroyed. 

In order to substantiate this, use was made of a standard commercial 

histaminase preparation supplied by the Winthrop Chemical Company. This 

preparation (Torantil) made from dog intestinal mucosa is supplied in 

ampoules containing approximately 15 mgms, each of which is eapabl~ of 

destroying 1 mgm of histamine in twenty-four hours. Two experiments were 

done. In the first the contents of one ampoule was incubated with increasing 

amounts of histamine. In the second, the amount of histamine was kept 

constant, but the quantity of the histaminase was varied. The results are 

shown in Table XVIIo 



Exp. No. 

123 

131 

TABLE XVII 

Potency o~ Torantil (T. 360),a F~staminase Preparation. 

Amount of Powder 
in mgm 

(one ampoule) 

+ 15 

+ 15 

+ 15 

+ 15 

+ 15 

10 

15 
20 

30 

Histamine 
Incubated in y 

1000 

2000 

3000 

4000 

5000 

1000 

1000 
1000 

1000 

Histamine Destroyed 
in y 

440 

720 

1000 

1200 

2600 

300 

520 
650 

890 

169. 
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It will be observed that the destruction of histamine takes place 

in a direct ratio to the amount of histaminase present, that is, the greater 

the amount of histaminase, the more histamine destroyed. Further the 

destruction of histamine by a fixed amount of histaminase increases in 

direct ratio to the concentration of histmllne present. 

On the basis of these experiments therefore, it was thought that 

the results obtained in the :previous experiments on tissues might be explained 

by the presence of an inhibiting factor. That is if lung tissue contained 

a substance which might inhibit the action of histaminase, the greater the 

araount of tissue present, the less histamine destroyed, due to increase 

of the inhibiting factor- This would account in part then for these resnlts. 

A series of experm1ents was therefore carried out in which various 

types of extracts were prepared. In the first series, lung tissue was 

removed in the usual wayo It was then ground up and placed in Buffer solution 

at 38°C for thir~r minutes. This was then filtered or centrifuged. The 

filtrate (a) and residue{B) were then examined for their histaminase content 

by incubating with histamine in the usual way. The results are shown in 

Table XVIII. It will be seen that both residue and filtrate were capable 

of inactivating histamine, but not in a direct ratio to the amounts present 

(Exp. No. 133, Table XVIII). 



TABLE XVIII 

Activi~J of Various Histaminase Preparations. 

{First Method). 

Exp. No. Weight of Residue Histamine Destroyed Amount of Filtrate Histamine Destroyed 

.33 A 

.ine 
raets 

33 B 
ine 
raets 

35 

tone 
racts 

36 
tone 
raots 

B 

B 

B 

in grams 

o.1 
0.2 
0.6 

1.16 

0.5 

o.l 
o.2 
0.3 

300 
400 
400 

400 

300 
300 

800 

300 

500 
400 

in cc 

5.0 

6.0 

1.0 
3.0 

6.0 

1.0 
2.0 

4.0 
s.o 

400 
200 

0 
200 

200 

0 

lOO 
200 
250 

0 
200 
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The presence of an iiLhibiting factor was further looked for by 

the following method: Beakers containing Buffer solution and 1.0 mg 

of histamine and one gmpoule of histaminase (Torantil) were incubated with 

and without the addition of either the residue (B) or the filtrate (A). 

Practically the same amounts of histamine ,were destroyed in all samples, 

indicating that an inhibiting factor could not be present. 

A second series ofl extracts based on the method for the preparation 

of histaminase as described by Best and McHenry (1930) were prepared. 

Freshly removed lung tissue was finely ground up and extracted with 99% 

acetone for 10 hours. It was then filtered. The filtrate (A) was evaporated 

to dryness in vacuo. It was then taken up in a small amount of Buffer 

solution, and this was examined for the presence of an inhibitory factor 

as described above. None was found to be present. 

The residue {B) was examined in two ways. Part was incubated 

directly with histamine and although it was found to be potent, relatively 

smaller amounts of histamine were destroyed in comparison to that generally 

inactivated by the original quantity of lung tissue from which it was derived. 

A second portion was examined for the presence of an inhibitory factor as 

described above but this was not found. 

In other experiments, the residue (B) was placed in Buffer solution 

for 1 hour at 37°C. It was then f'iltered and the residue and filtrate were 

examined both for their histaminase content and the presence of an inhibitory 

factor. This latter substance ~s not found. The histaminase action will be 

seen by the results of two experiments, No. 135 and 136 in Table XVIII. It 

will be observed that whereas some of these extracts inactivated histamine in 

a direct ratio the majority of the results were still inconsistent. Because of 

the inconsistency of the results obtained using this first method it was felt 

that they could not be accepted. 
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(2) Second Method: 

On the advice of Dr. E. W. MeHenry it was decided to use special 

glassware kept only for histaminase experDnents. The instrtunents used in the 

preparation of the tissue were all kept clean and sterile. A further change 

was also made in that small Er-lenmeyer flasks were substituted for the widee 

mouthed beakers, and finally a small amount of cotton wool was placed in the 

mouths of the flaSks during the period of incubation. 

Lung tissue was used, and the same procedure was followed as in the 

first experiments. It was now found that the amount of histamine inactivated 

was in direct ratio to the amount of tissue present. 

{a) Kistarnine in Normal Rat Tissues: 

Using the new method, preliminary expertments were repeated in 

which the presence of histaminase in the various tis~1es of the rat was 

determinedo Of all the tissues examined, namely lung, liver, kidney, 

small intestine and blood, only lung and small intestine were capable of 

inactivating histamine. 

It was then decided to study l1mg tissue alone. A series of 

experiments were carried out in which different amounts of lung tissue from 

normal rats was incubated as described above using the second method. A 

control was usually incubated at the sruae time. This consisted of a flask 

containing the histamine in a Buffer solution with added toluol but without 

any added tissue. Destruction of the enzyme by heating to 70°0 for 5 minutes 

was also used as a control in some experiments. The results are given in 

Table XIX. 



Ex:p. No. 

147 

151 

152 

153 

TABLE XIX. 

Histaminase Activity of Lung Tissue from Intact Rats. 

{Second Method). 

Amount of Tissue 
in grams 

o.o5 
o.1 
0.6 
1.0 

Control 

o.o5 
o.1 
o.5 
1.0 

o.1 
o.1 
0.5 
1.0 
1.o 

o.o5 
o.1 
o.5 

Control 

Histamine Destroyed 
in gamma 

200 
300 
825 
875 

0 

200 
300 
700 
875 

200 
200 
700 
875 

0 

0 
200 
400 

0 

Remarks 

Heated to 70°C 
for 5 minutes 

Heated to 79oc 
for 5 minutes 

174. 
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It will be observed that in this series of experiments 0.5 gram 

of normal tissue will destroy between 700 and. 800 gamma of histamine except 

in experL~ent No. 153, where 0.5 gram of tissue has inactivated only 400 y. 

If however one adds the five control specimens from the experiments on 

adrenalectomized animals {Table XX) this becomes less significant, since 

in all of these 800 y of histamine is destroyed by 0.5 gram of normal 

tissue. It will further be observed that the histamine is destroyed 

proportionately to the amount of lung tissue present. The results of 

different experiments vary slightly, but this is thought to be due to 

variations in the conditions of each experiment, such as temperature. 

(b) The Effect of Adrenalectomy on the Histaminase Content of the Rat Lung: 

In order to determine the effect of adrenalectomy upon the histaminase 

content of lung tissue, thirty rats were divided into two groups. The first 

group which consisted of ten animals was kept as controls. The second group 

of twenty animals were adrenalectomized at intervals as previously described 

and maintained on the usual Pu.rina diet with 0.9% saline to drink. Eight to 

ten days after adrenalectomy groups of four adrenalectomized animals were killed 

and the lungs were removed. The lung tissue of these animals was then ground 

up and mixed. Varying amounts were used for histaminase determinations. At 

the same time, the histaminase content of the lung tissue from two animals 

of the group of controls was estimated. After three experiments had been done, 

it was decided to modi~ the treatment of the adrenalectomized animals as 

follows: The animals were maintained on Purina and 0.9% NaCl for six days. 

The saline was then replaced by water for three additional days, after which 

time the animals were killed and the tissues removed in the usual way. The 

results are shown in Table XX. 



TABLE XX 

Effect of Adrenalectomy on the Histaminase Content of Rat Lung Tissue. 

Ex:p. No. 

157 

158 

159 

164 

167 

Amount of Tissue 
in grams 

Normal o.5 

Adrenalect. 0.5 
" Oo5 

" 0.5 

Normal 0.4 

Adrenalect. 0.2 
tt 0.4 

" o.6 

No:rma.l 

Adrenalect. o.2 
" 0.5 
" 0.6 

Normal 0q5 

" o.5 

.Adrenalect. 0.5 

" o.5 
" 0•5 

Normal o.5 
tt o.5 

Adrenalect. o.5 
lt o.5 

" o.5 

" 

(Second Method). 

Histamine Destroyed 
in gamma 

800 

600 
600 
600 

800 

300 
650 
750 

800 

300 
700 
700 

800 
750 

400 
450 
300 

800 
700 

400 
400 
300 

Remarks 

Animals adrenale-. · 
ectomized seven 
dayso 1'Taintained 
on Purina and 0.9%. 
NaCl for 8 days. 

" 

tt 

Animals adrenaleeto:~ 
mized .. Placed on 
Purina + 0.9% NaCl 
for 6 days. Then on 
water and Purina for 
3 additional days. 

" 

176. 
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It will be observed that whereas normal lung tissue is able to 

inactivate approximately 1600 y/gm, lung tissue from adrenalectomized animals 

maintained on 0.9% saline will inactivate 1400 y/gm, a difference of 20%. 

It will be recalled that the weight of the lung of the rat increases by 

about 8% after adrenalectomy. This would therefore tend to make the actual 

amount of weighed tissue less, assuming that the gain in weight were due to 

added water, and wotud therefore make the actual difference in the histaminase 

content equal to approximately 12%. 

If however the results obtained after placing the animals on water 

for three days are examined (Table XX) it will be observed that whereas the 

control tissue will inactivate 1600 y of histamine per gram, the adrenal

ectomized tissue is capable of inactivating only 800 yjgm, a difference ~f 

50%. Since the difference in the average weight of normal lung tissue, and 

that of lung tissue from adrenalectomized animals maintained on water for 

three days has not been studied, it is ~possible to state at present how 

much of this loss of histamine may be due to actual increase in tissue water. 



(e) Attempts to Demonstrate the Mechanism of the Destruction of 
Hi stamina by the Kidney: 

The previous experiments have shown that the rat kidney contains 

no histaminase as determined by the method just described. It was thought 

that the tissue might be capable of inactivating histamine already present 

in it such as occurs following an intravenous injection of histarrdne. Three 

experiments were carried out (see Table XXI). 

In experiment 52 three animals were given an intravenous injection 

of 24 y of histamine per gram body weight. The kidneys were removed at 

one, two and three hours respectively. From previous experiments it is 

known that the average histamine content of the kidney following such an 

injection is 188 y/gm at the first hour, 17 y/gm at the second, and 4 y/gm 

at the third. These tissues were ground up separately and placed in beakers 

containing 20 ce of Buffer solution and 500 y of histamine. Toluol was 

added and they were then incubated for sixteen hours. In eYperiment 85 

the kidney tissue was removed four hours following the histamine injection 

and incubated in the same way. 

It will be observed that in all of these there was no destruction 

of the added histamine, whereas destruction of the histamine already present 

in the tissue removed at one hour seemed to occur (EXp. 52). 

In a third experiment (No. 71) the kidneys of two animals were 

removed thirty minutes after the intravenous injection had been given. 

These tissues were incubated for 16 hours in Buffer solution alone. No 

histamine was added. It will be seen that whereas the assay of such tissue 

immediately upon removal yields an average histamine content of 450 y/gm 

(see Table IX) (p. 150) after incubation, the histamine content was only 

176 y/gm in one and 388 y/gm in a second. 



TABLE XXI. 

Attempts to Demonstrate the Mechanism of the Destruction of Histamine 
by the Kidney. 

(Animals injected with 24 y histamine per gram body weight. Kidney 
tissue removed at intervals indicated.) 

E.x:p. No. Time o'f Removal 
after Injection 

Hi stamina Added 
in gamma 

Histamine Found 
a'fter Incubation 

in gamm.a 

Average Controls 
in Y/f!JD. 

52 

85 

71 

1st hour 

2nd hour 

3rd hour 

4th hour 

4th hour 

30 minutes 
30 minutes 

500 

500 

500 

500 

500 

0 

0 

500 

500 

500 

500 

500 

176 
388 

188 

17 

4 

450 

450 

179. 
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Discussion of the ~oregoing Results. 

Since the experiments thus far described have to do in the main 

with the inactive.tion of histamine by the animal organism and secondarily 

with the relationship of histamine of the adrenal gland to this process, they 

form a suitable division for discussion at this time. 

From the experiments of previous workers, it has been shown that the 

organism as a whole may rapidly inactivate histamine as evidenced by the fact 

that a continuous intravenous infusion of the amine ~r be given to the 

e:Qerimental animal. (-Tacobs a.11d I.Iason 1936) or to human beings {Weiss, 

Ellis and Robb 1929) without producing any of its usual effects, providing 

that the rate of injection is slo~. 

This has been explained in part by the demonstration of the fact 

that the white blood cells, in particular the eosinophiles, are capable of 

taking up histamine (Code l937b). It was also shown that if histamine were 

added to dogs' blood, it was taken up by the cellular elements, and that 

although the blood might have an excess of histamine, this extra histamine 

was physiologically inactive by virtue of the fact that it was held in 

combination with the cellular elements. That this inactivation was not due 

to a histaminase like action was shown by the fact that if the total histamine 

content of the blood were estimated, the added histamine could be recovered. 

(Anrep, Barsoum and Talaat 1936). While such a mechanism will explain why 

blood may contain fairly large amounts of physiologically inactive histamine, 

it does not account for the rapid disappearance of histamine from the blood 

as a whole. 

Several possibilities suggest themselves. These are (1) the blood 

may inactivate histamine by some other mechanism than histaminase, or {2) the 
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tissues rapidly absorb the histamine from the circulating blood. These 

will now be discussed. 

It has been shown by several workers that the blood of certain 

species is capable of inactivating histamine in vitro (Marcou 1938; Yen 

and Chang 1933). 

In all the experiments done on the inactivation of histamine, it 

has been observed that histamine is destroyed or inactivated much more 

rapidly in vivo than in vitroo For example ~~rcou (1938) found that dogs 

blood was capable of inactivating small amounts of histamine when it was 

incubated with the ~~ne for thirty minutes. In the first series of experiments 

described in this work, a ve~J rapid disappearance of histamine from the blood 

after injection was observed, only 7.5% of the total amount injected being 
a 

present after three minutes (Fig. 9) (ptl47). Since the blood of the rat 

does not possess a histaminase like activity in vitro, it is asswmed that this 

rapid disappearance must be due to some other factoro 

Other mechanisms of histamine inactivation in the blood may however 

acco,mt in part for this rapid disappearance. For example it has been shown 

(Garan l938a) that histamine may be inactivated by the action of carbon dikide 

in vitro. Holtz and Heise {1937c) have observed that such substances as 

vitamin c, or compounds containing sulphur and hydrogen $1Ch as glutathione 

and cystein may also inactivate histamine in vitro under aerobic conditions, 

but on the other hand they point out that these substances will produce 

histamine from histidine if no oxygen is present. Holtz (1937) has also shown 

that h.i stamine may be destroyed in vitro by simple oxygenation in the presence 

of a catalyst such as palladium. It is also interesting to note that Eichler 

and Speda (1938) were able to decrease the histamine content of the blood of 

cats by means of hyperventilation. 
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The second possible explanation to account for the rapid dis

appearance of intravenously injected histamine is that the tis~tes may 

absorb large amounts from the circulating blood. That this is so in the rat 

at least is borne out by the results of the experiments on the distribution 

of intravenously injected histamine described in the previous section. It 

was observed that following an intravenous injection of histamine in the 

rat, the distribution of the histamine detectable fifteen minutes after the 

injection was markedly in favour of the tissues. The amount of histamine 

recovered at fifteen minutes in all tissues was only 32% of the total amount 

injected of which only 2.9~~ was present in the blood. 

Since it has been observed that most of the histamine is taken up 

by the tissues and that the kidney takes up by far the largest amount of 

histamine in comparison to the other tissues (approximately 50% of the total 

histamine recovered) and that this histamine disappears rapidly from the 

kidney after the first hour, several possible mechanisnsfbr the destruction 

of the amine must be considered. These are (1) histamine may be excreted in 

the urine, (2) the main mechanism of histamine destruction is the histaminase 

action of those tissues which contain it and {3) there is some mechanism of 

histamine destruction other than histaminase. These will now be discussed. 

The possibility that histamine may be excreted in the urine is not 

tenable in these experiments since in no case has any excretion of urine 

occurred before six to eight hours after such an injection of histamine. 

This has also been the observation of Howlett and Browne (193?), even when 

large amounts of saline were given intravenously. 

Histarllne has however been ~ound in small amounts in the urine 

excreted by kidney in a heart-lung kidney preparation of the dog (MacGregor 

and Peat 1933). It has also been found in the urine of pregnant women by 

Ungar and Dubois {193?). 
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If one assumes that the main mechanism of histamine destruction in 

the rat is the histaminase action of those tissues which contain it, namely 

lung and small intestine, one might regard the kidney as a reservoir, taking 

up large amounts of histamine thus temporarily removing it from the circu

lation and then slowly liberating it to the histaminase containing organs 

for destruction. If this were the case, one might then expect the histamine 

content of the blood to decrease at a nruch slower rate or remain at a fairly 

constant level until such time as all of the histamine were destroyed. 

Examination of the blood histamine however does not confirm this. On this 

basis it is also difficult to understand why the liver which contains no 

histaminase, should lose its histamine content in the period fifteen to 

thirty mdnutes, whereas that of the kidney remains constant. 

Assuming the presence of some mechanism other th~~ histaminase in 

the rat kidney the fall of concentration in the other tissues during the 

fifteen to thirty minute period and the absence of any decrease in the kidney 

is due to the continued transfer of histamine from other tissues to the kidne.f 

at such a rate that the destruction of histamine by the kidney going on at 

the same time is not apparent. In the experiments on the mechanism o:f 

destruction by the kidney, it was noted that whereas this tissue was unable 

to inactivate histamine added in vitro, there was some dest~1ction of the 

histamdne already present in the organ (see Table XXI) (p. 179)o A possible 

explanation may be found in the work of Holtz and Heise (l937c) already 

referred to. They showed that histamine could be inactivated by vitamin C 

and substances such as cystein and glutathione. 

In other species however the kidney is known to contain large 

ronounts of histaminase (McHenry and Gavin l932b) and it has been shown in 

the dog that whereas histamine is only slightly inactivated when perfused 

through a heart-lung preparation it is rapidly inactivated when the kidney is 



added to the circuit. (Best and McHenry 1930; Ma.cGregor and Peat 1933; 

Essex, Steggerda and Manu 1935). 
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The liver also takes up a large ar.:~.ount of histamine in comparison 

to the rest of the tissues other than the kidney. (see Table X) (p. 152). 

Since the organ does not contain any histaminase, it would seem that some 

mechanism other than histaminase must be responsible for the destruction of 

the larger part of histamine introduced into the blood stream of the rat. 

'lli.is view was expressed by Best and ~.IcHenry (1931) and recently by Addarii 

(1937). This latter worker was also unsuccessful in trying to alter the 

histaminase content of guinea pig lung tissue by sensitizing the animals to 

horse serum and by pretreatment with histamine. 

The am.otLTlts of histamine used in these experiments are larger than 

those which could in all probability be liberated under physiological or 

pathological conditions. 

In the section on the relationship of the adrenal gland to histamine 

(p.ll5) it was pointed out that rats which have been adrenalectomized are much 

less resistant to histamine than is the intact animal (Wyman 1928; Marmorston

Gotte~ and Perla 1931). 

It is believed that the loss of resistance to histamine following 

adrenalectomy is due mainly to the absence of the cortex. Ingle {1937) has 

shown however that the medulla may also play a minor role. 

The experiments on adrenalectomized animals confirm the finding 

that removal of the adrenal glands markedly decreases the resistance of the 

rat to histamine (see Fig. 10) (p.l49), and that this decrease does not occur 

1mtil at least seven days after removal of the glands. They indicate further 

that this decrease in resistance is due in part to a marked loss of ability 

of the organism to inactivate histamine. It is significant in this respect 

that the tissue mostly affected is the kidney since in the intact animal this 
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organ seams to be best able to inactivate histamine. It will be noted ~1rther 

that the distribution of intravenously injected histamine is not altered 

following adrenalectomy. Since the histamine content of the tissues are 

almost within normal lLmits at the end of three hours following the injection 

with the exception of the kidney and blood, it would seem that the effect of 

adrenalectomy is to retard the rate of inactivation. 

In the experiments on histaminase it was Shown that whereas 

adrenalecton~ diminishes the histaminase content of the lung (see Table XX) 

(po 176) the actual decrease is only about 12% in an~als maintained on 0.9% 

saline. Since the adrenalectomized animals used in the experiments on the 

rate of disappearance of histamine were also maintained of 0.9% saline, 

the decrease in the ability to inactivate histamine could only have been due 

in small part to the diminished histaminase content of the tissues. This is 

fUrther ~1bstantiated by ti1e fact that the rate of disappearance from the 

lung in the adrenalectomized animal which contains histaminase is not as 

greatly affected as the rate of disappearance from the kidney which is devoid 

of histaminase (see Fig.IO) (p.r49). 

Strict comparison between the results on the effect of adrenalectomy 

on the histaminase content of the lung and its effect on the rate of dis

appearance of intravenously injected histamine in normal and adrenalectomized 

rats is of eourse impossible. 

The experiments on the effect of adreno-cortical hormone on the 

ability of the adrenalectomized rat to inactivate histamine demonstrate two 

things. Firstly, the so-called maintenance dose of cortin (Oo5 cc daily) is 

quite inadequate to restore the ability of the adrenalectomized animal to 

destroy histamine even when the animals are maintained in good health on 

o.9% NaCl. Secondly the decrease in the ability to destroy histamine occurring 
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in the adrenalectomized rat may be completely restored by the administration 

of sufficient amounts of adreno-cortical hormone. Whereas the hormone of 

the adrenal medulla may play some role in the immediate resistance of an 

animal to histamine, such as enabling it to maintain the blood pressure, it 

does not seem probable in the light of these results that it can play any 

part in restoring the ability of the adrenalectomized rat to inactivate or 

destroy histamine. 

In the experiments on the effect of adrenalectomy on the histamine 

content of tissues, it is interesting to note that a marked increase occurs 

in the stomach and intestine. (Table VII) (p. 142). This increase is much 

greater in comp~ison to the decrease observed in the histaminase content 

of the lung, which is added evidence that some other mechanism besides 

histaminase which is capable of inactivating histamine exists in the organism. 

It is also interesting to note that the increase in the histamine 

content of the stomach which occurs after adrenalectomy is as great as the 

amount of histamine absorbed by the stomach following the intravenous 

injection of a large dose of histamine {see Table IX) (p. 150). 

The decreased resistance to histamine however is not regarded as 

evidence that the specific fUnction of the adrenal is to render possible the 

destruction of histamine. The decreased ability to destroy histamine which 

develops only seven to ten days after adrenalectomy is however regarded as a 

part of the generally decreased resistance of the organism under these 

conditions which is evident even when the animals are maintained in apparentlY 

good health on sodium chloride (Selye l937b). 



Attempts to Demonstrate a Liberation of Histamine by Various Procedures, 
Utilizing the Histamine Content of the Kidney and Blood as an Index. 

The observations of Selye (1937~) have shown that if a rat is 
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exposed to a damaging agent whether it be in the form of exposure to cold, 

excessive muscular exercise or adrenaline, a syndrome is produced, the 

symptoms of which greatly resemble those produced by the administration of 

large doses of hist~~i~e. Similarly the ff.rmptoms of traumatic shock have 

often been attributed to the liberation of a histamine-like ~1bstance (Dale 

and Laidlaw 1919). 

EXperiments described in the previous section have shown that 

histamine is rapidl~r removed from the blood (Rose and Drowne 1938) and that 

the kidney taken up by far the greatest amount of the histamine introduced 

into the blood stream as compared to other tissues, it was thought that the 

histamine content of the kidney might serve as a !!IIlch more sensitive index 

for the liberation of histamine in the organism, rather than that of the blood. 

For this reason experiments were carried out on rats in the followi~g 

manner. Groups of male and feflale rats were subjected to various damaging 

agents and the Kidneys were removed at definite time intervals, namely 5, 

10, 15, 30 mimites and 1 hour, and their histamine content estimated by the 

method previously described. 

In the first series the animals were anaesthetized, and the stomach 

was exposed by means of a small abdominal incisiono Using artery forceps, 

the stomach was then traumatized by clamping in three different areas for 

30 seconds each. In order that the same degree of trauma might be inflicted 

in all rats, the same forceps were always used, and were always clicked to 

the first notch. AnLmals in which the kidneys were removed within fifteen 

minutes were kept anaesthetized. The other animals, namely those in which the 
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kidneys were to be removed at 30 minutes, and one hour, were allowed to 

eome out of the anaesthetic, after closing of the wound. These were again 

anaesthetized before the kidneys were removed. The results are shown in 

Table :xxrr. 

The effect of a subcutaneous injection of 0.5 cc adrenaline was 

studied on four groups and in one other that of an intraperitoneal injection 

of 0.2 cc of 456 formaldehyde. These animals were anaesthetized before 

removal of the ti1neys (see Table XXIII). 



TABLE :x:xii. 

Histamine Content of Kidneys Removed at Various Times following Trauma to 
the Stomach. 

(Values in garmna per gram). 

Time of Removal 

Ex::p. No. 5' 10' 15' 30' 

56 2.0 0.8 2.4 o.9 0.5 

58 1.94 0.41 0.96 0.79 0.79 

63 0.79 1.15 0.86 0.68 

63 0.72 0.85 0.78 0.40 

84 0.24 0.52 0.20 0.87 

87 0.55 0.384 0.58 1.79 

TABLE XXIII 

Histamine Content of Kidneys Removed at Times Indicated following the 
Subcutaneous Injection of Adrenaline and the Intraperitoneal 

Injection of Formaldehyde. 

(Values in gamma per gram). 

Time of Removal: 

Ex:p. No. 5' 10' 15' 30' 

59 0.85 o.s 1.39 0.85 

66 0.43 0.66 0.43 0.67 

72 0.43 0.43 0.23 0.18 

73 0.57 0.33 0.35 

0.62 

0.67 

0.19 

0.02 

Remarks 

Injection 
o:f 

0.5 cc 
adrenaline 

Injection o:f 
o.2cc of a 
4% solution of 
formaldehyde 

189. 
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On examination of the results, it will be observed that an 

occasional increase in the histamine content of the kidney occurs. These 

are however very few in comparison to the number of insignificant increases. 

The results are variable, and if one takes the average normal histamine 

content of the kidney as being 0.54 y per gram with a variation of 

0.02 - 0.9 y per gram (in one case 1.6 y) in only seven out of 40 estimations 

is the increase above 0.9 y per gram, altho11gh the general average is 

greater than that of normal kidney. 

In another Sir.all group of animals the left kidney was first 

removed, and then the stomach was traumatized. ~ter thirty minutes the 

right kidney was removed. The results are shown in Table XXIV. 



Legend: 

Ex:p. No. 

90 

and 

92 

TABLE XXIV 

KID11J!!YS 

Left (Control) 

Oo6 

0.9 

0.65 

0.65 

0.9 

0.15 

1.6 

0.32 

Right 

0.59 

0.97 

0.67 

lo24 

0.42 

1.6 

2.0 

Oo6 

Left kidney first removed as control. Stomach traumatized and 
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after thirty minutes, right kidney removed. Figures are given in histamine 

base per gram of tissue. 



It will again be seen that the results are not consistent, a 

moderate rise occurring in 50% of the kidneys examined. 
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Finally, in two groups of animals, the histamine content of the 

blood was est~ted following trauma to the stomach in one group of male 

rats, and after the intraperitoneal injection of 0.2 cc of 4% formaldehyde 

in a group of female rats. The results are shown in Table XXV. 



TABLE XXV. 

Et~ect of Trauma to Stomach and of an Intraperitoneal Injection o~ 
Histamine on the Blood Histamine Content of the Rat. 

Time of Removal 

15 t 

30' 

1hr 

2
hrs 

Control 

(gamma per cc). 

Ex:p. No. 63 

Blood Histamine after 
Trauma to Stomach. 

(Male Rats) 

0.04 

0.03 

Oo07 

0.016 

0.02 

Eq?. Noo 73 

Blood Histamin~ after 
Formaldehyde. 

(Female Rats) 

0.12 

0.10 

0.10 

0.18 

0.07 
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It will be noticed that trauma. to the stomach does not cause 

any appreciable increase in the hista~ine content of the blood within 

two hours after it is inflicted. There is a definite increase however 

in the blood histamine of the rats into which formaldehyde was injected. 

In order to determine the relative amount of histamine which 
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would have to be released into the blood stream so as to produce a significant 

rise in the histamine content of the kidney the following experiments were 

performed. 

Histamine was injected intravenously into anaesthetized rats, 

starting with a small dose.in the first animal and gradually increasing the 

dose given to each subsequent animal in each case. The kidneys were 

removed thirty minutes after the injection of histamine had been given, and 

their histamine content ~as determined. The results are given in Table XX:VI. 
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TABLE XXVI . 

E;perbnents to Determine the Smallest Amount of Intravenously Injected Histamine 
Required to Produce a Significant Rise in the Kidney and Blood Thirty -

P• No. 

35 

uo 

ltinutes after the Injection~ 

.Amount of Histamine 
injected in mgm/gm 

Body ileight 

0.0001 
Oo0002 
o . ooo4 
0 . 0006 
o . oooo 
o . oo1 
0 . 003 
0 . 005 
o . ol 
0 . 02 

0 . 0005 
0.001 
0 . 002 
0.004 
0 . 006 
o . o1 
o.o13 
o . ol 6 

0.0005 
o.oo1 
0.0015 
o.oo2 
Oo003 

eight of 
.Animals 

in grams 

200 
200 
200 
195 
200 
215 
200 
180 
1?0 
200 
190 

165 
155 
155 
150 
155 
155 
155 
180 

150 
165 
16-5 
165 
165 

Total Histamine Kidney Histamine 
injected in y/gm 
in mg 

o . o2 0 . 96 
0 . 04 299 
0 . 08 0 . 6 
0 . 12· 0 . 9 
Ool6 1.3 
0 . 215 1 . 25 
0 . 6 1 . 35 
0. 9 2·. 3 
1 . 9 6 .2 
3 . 4 84.5 

Control o.3 

o . o82 0 . 2 
0 .155 0. 4 
0 . 31 2 .0 
0 . 6 5 .0 
0 . 93 16 . 0 
1 . 55 12 .. 3 
2 . 0 19 . 5 
2 . 8 58 ~2 

Control 0 . 4 
Control 0 . 35 
Control 0 .15 
Control 0 . 35 

o . o82 3 .1 
0 .155 4 .2 
0 .232 3ol 
0 . 310 4 .1 
0 . 465 5 C)O 

Blood 
Histamine 

i n y/cc 

o.13 
o .11 
o . o6 
O ~tlO 
0 .15 
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It will be observed that the first significant increase in the 

histamine content of the kidney occurs with an approximate dose of o·.0015 mg/gm 

body weight. In an animal weighing 150 grams this would be 0.225 mgm of 

histamine. 

Discussion: 

Although e slight increase in the histamine content of kidney of 

the rat occurs following expos'ltre of this animal to some harmful stimulus, 

the results are not consistent. 

It is improbable that the liberation of such small quantities of 

histamine as 0.25 mg into the circulating blood, or the slight accumulation 

of hi starnine in an organ such as the kidney could be of vecy great 

significance in the production of the immediate s.rmptoms which may occur 

following the administration of a damaging stimulus to the rat. 

It is possible however that damage to an organism may produce a 

slow liberation of histamine which may be of significance if other factors 

are present S'lCh as alteration in the :pH of the blood etc. 
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CLINICAL I11TESTIGATIONS~ 

(A) Blood Histamine: 

With the development of a method for the estimation of histamine 

in the blood, a new field of investigation was opened up and a number of 

interesting observations were made. (Code and ~mcDonald 1937) (Riesser 1937). 

Although the greater part of the experimental investigations here 

presented has been carried out on animals, opportunity was afforded from 

time to t~e to examine the blood of patients on the wards of the Royal 

Victoria Hospital. Many of these were taken at random, but several groups of 

patients suffering from the same disease have also been included. A 

consideration of these will now be presented. 

(a) Blood histamine in normal invididuals: 

The blood histamine of eleven normal adult individuals, five male 

and six female, was estimated. The results are given in Table XXVII. The 

average figure from this small group is approximately 0.04 y/cc. This is in 

agreement with the results of Haworth and MacDonald {1937) who obtained an 

gverage of 0.04 y/cc with a range of from 0.018 to 0.07By/cc in a series 

of 103 determinations on students. 



TABLE XXVII 

Blood Histamine Content of Normal Individuals. 
(in gamma per cc) 

No. Llale No. Female 

1 7 o.o5 

2 0.05 8 0.04 

3 9 Oo04 

4 0.06 10 o.o5 

5 Oo035 11 0.03 

198. 
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(b) Histamine content of the blood of pregnant women: 

In 1937 Ungar ~~d Dubois reported the presence of a histamine-like 

subst~~ce in human pregnancy urine. This substance could not be found in 

the urine of non-pregnant women or in that of normal men (Ungar and Pocoule 

1937). It was decided therefore to examine the blood histamine eontent in 

a group of pregnant women with normal pregnancies and in those manifesting 

the signs and symptoms of toxemia. 

The results are shown in Table XXVIII. 

Examination of these results does not reveal any significant 

difference in the histamine content of the blood of these patients as 

compared ·.1i t.h that of normal individuals, although there is a definite 

increase in a few cases. 



TABLE XXVIII 

Histamine Content of Blood of Pregnant Women. 

No. 

34 

42 
39 
35 
38 

40 
41 

54 

No. 

32 
33 
36 

55 

(in gamma per cc) 

Pre Vlan t Fa':lales 

Duration of Pregnancy 

5 months 
5 " 
6 n 

7 n 

? n 

? tt 

? " 
8 n 

Pregnant Females 
Duration of Pregnancy 

Term. 
n 

" 
tt 

o.o9 
o.o6 
o.o5 
0.05 
o.os 

OolO 
0.07 
0~04 

Toxic 
Histamine 

0.04 
o.o4 
0.11 

o.o6 
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(c) Blood histamine of patients with various diseases: 

The blood histamine was deter.mined.in a group of fifteen patients 

taken from the wards of the hospital at different ttmes. The restlits are 

shown in Table XXIX. A definite increase in the histamine content of the 

blood is observed in four of these patients. Noo 23, a case of cardiac 

insufficiency, No. 44, a patient during an attack of vasomotor rhinitis, 

No. 48, a girl in an acute attack of urticaria and No. 62 a patient with 

lymphatic leukaemia, in wham the blood was taken within five minutes after 

X-ray treatment. It is interesting to note that a decrease in the blood 

histamine seams to occ11r in patients during various types of shock. 
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TABLE XXIX 

Blood Histamine in Patients with Various Conditions. 

No. Diagnosis Remarks Histamine 

23 Cardiac Decompensation 0.11 

26 Shock Surgical o.o2 

59 Shock Severe Traumatic o.oos 

47 Shock Acute Coronary o.o2 
After Recovery 0.09 

60 Shock Pneumonic Crisis o.o1 
Convalescent o.o5 

53 Convalescent Pneumonia o.o9 

37 Augioneurotic Oedema After Attack 0.02 

44 Vasomotor Rhinitis Attack during 0.16 
Menses 

61 Asthma Quiescent o.o1 

52 Asthma Quiescent 0.04 
Severe Attack o.oz 

30 Menopausal Syndrome Quiescent 0.04 

28 " " lt o.o5 

43 Scleroderma Eosinophilia -0.04 

48 Urticaria In Acute Attack 0.20 

62 Lymphatic Leukaemia 5' after X-Ray 0.28 
treatment 



203. 

(d) The release of histamine into the blood following various forms 
of st~ulation to the skin: 

Lewis (1927) first postulated that the reaction which occurs 

following st~ulation of human skin, i. e. the triple response, was due to 

the liberation of an 'H' substance (histamine). This has been confirmed 

indirectly by Kalk (1929) and others. Using the method of Barsoum and 

Gaddum (1935a) Cerqua (1936) first demonstrated that an increase of the 

blood histamine occurred in patients during an attack of urticaria. 

Since many patients afflicted with urticarialattacks frequently 

have so -called sensitive skins or derrna tographia, it was decided to study 

the blood histamine before and aftar mechanical sti~ulation to an area of 

skin, usually the back, and by other forms of stimulation such as cold 

and heat. 

The exper irnents were carried out as follows: 

A control specimen of blood was first taken. In three patients an area 

on the back of about the size of a hand was stimulated by scratching 

vigorously for about thirty seconds. The usual response of red line and 

flare was produced bu wheals were not formed. Blood specimens were taken 

at the times indicated, and it should be noted that these would then indicate 

the histamine content of the general circulation since the sttmulated area 

was not on the arm from which the blood specimens were removed. 

In others an arm was placed in cold or hot water and the blood 

specimens were taken from the same arm as indicated. The results are 

given in Table XXX. 



Patient 

28 

48 

51 

56 

58 

49 

TABLE XXX 

Release of Histamine in the Blood of Patients following 
Various Forms of Stimulation. 

Diagnosis 

Urticaria 

Urticaria 

Urticaria 

Vasomotor 
Rhinitis 

Sensitivity 
to Heat 

(Urticaria) 

Urticaria 
Factitia 

Type of Stli1Ulation 

Hand and Wrist in 
Ice-'.7ateJ." 3°C 

Hand and Wrist in 
Ice-Water 3oc 

Back Scratched 
Vigorously 

(MOderate Reaction) 

Back Scratched 
(1:ild Reaction 

Hand and Wrist in 
Water 

at 55° C 

Back Scratched 
(Marked Reaction) 

Time 

Control 
after 20' 

Control 
after 20' 

Control 
after 5' 
after 20' 

Control 
after 5' 
after 15' 

Control 
after 5' 
after 15' 
after 30' 

Control 
after 5' 
after 20' 

Blood Histamine 
in y/cc 

o.o3 
0.09 

0.03 
0.14 

o.oo 
0.16 
0.02 

0.10 
o.1o 
0.14 

0.10 
0.14 
0.10 
0.10 

0.07 
0.40 
o.1o 

204. 
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It will be observed that an increase in the blood histamine occurs 

usually within five minutes of the stimulation. This is quite marked in 

case No. 49 where there is an increase of five and a half times the normal. 

Discussion: 

Increases in the histamine content of the blood of patients have 

been observed under different conditions. For example Barsoum a~d Smirk 

(l936a) noted a~ increase in the histamine content of plasma during reactive 

hyperemia. They believed that the production of the hYIJeremia was in part 

due to the liberation of this hist&~ne. 

No investiga·iiions have as yet appeared on the histamine content of 

the blood of patients in shock due to trauma or other conditionso The 

weight of evidence from animal experimentation is in favour of the theo~J 

that little or no increase takes place. (Holt and ~IacDonald 1936; MacDonald 

and Woolfe 1938). These investigators used the method of Barsoum aTl.d Gaddum 

(l935a). Using a different method however M1nard (1937b) was able to show 

an increase of 80'fo of the normal. 

While these experiments are of an acute nature, no experiments 

on shock of longer duration have been done. The results obtained on three 

patients, all of whom presented the clinical picture of shock seem to 

indicate that the histamine content of the blood is,if anything, decreased. 

(Table XXVI, p. 195). One of these, however, was a ease of acute coronary 

thrombosis (Pato No. 47), and here one must make a distinction. It has been 

pointed out {Eppinger 1934) that cases of •true' shock must be differentiated 

from those cases of shock due to cardiae failure. In the first type, the 

venous blood pressure is low, and the veins are collapsed. Arterial pressure 

is lowered, and the blood volume is diminished. Cases of heart failure on 

the other hand differ in that although the arterial blood pressure is also 

decreased, blood volume is us·1ally increased, the veins are distended, 



and venous blood pressure is high. It is believed by some (Rusnyak, 

Karady and Szabo 1936.} that the :production of shock other than that due 

to cardiac failure may in part be due to the liberation of histamine. 

206. 

The results obtained here are not necessarily against this view, 

since it is lmown that lib.erated histamine is rapidly 'fixed' by the tissues 

at least in the rat. (Rose and Browne l938a). 

The relationship of histamine to asthma has been discussed in a 

previous section (p. ). Studies on the histamine content of the blood of 

asthmatic patients have been carried out. Haworth and r~cDonald (1937) 

found no significant increase in a series of seventy-eight patients. 

Riesser (1937) was unable to demonstrate any increase either in the resting 

state or during an attack. Cerqua (1935) and Parrot (1938) both report 

an increase in the histamine content of the blood of asthmatic patients 

during the height of an attack. 

An increase in the hista:1ine content of the blood of patients 

suffering from myeloid leukemia has been reported by Code and W~eDonald {1937). 

Since it was shown by Code (1937d) that the source of histamine in the blood 

is the white blood cells, this is not surprising. 

were observed (normal blood histamine 0.04 y/cc). 

Increases of up to 15.0 y/cc 

This well illustrates the 

fact that a marked increase may occur in the blood histamine without any 

physiological action taking place provided that the histamine is not free 

in the plasma. Code and ~flacDonald (1937) showed that there was no significant 

increase in the histamine content of the blood of patients with lymphatic 

leukamia. It is believed therefore that the increase in the blood histamine 

of patient No. 62 (Table XXVI, p. 195) is due to the effects of X-ray rather 

than. the lyuphatic leukemia. 

Although no definite change is seen to occur in the blood histamine 

of pregnant women, up to the eighth month of pregnancy, it is significant that 
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the histamine content of the blood of patients who are toxic are still 

at normal levels at term. It has recently been shown by Marcou et al (1938) 

that the histamine content of the blood of pregnant women rapidly diminishes 

at term. This is supposedly due to the production of histaminase by the 

placenta, and the appearance of histaminase in the blood. 

The theory that histamine may :play a role in the mechanism of 
.. 

labo11r is 101in part supported by tl1e work of na.n.rorth (1939). He found an 

increase in the histaminase content of the placenta in patients with uterine 

inertia, indicating that the mechanirnn of the inactivation of histamine 

must be increased, resulting in a decrease in available histamine. Danforth 

(1929) however does not believe that the evidence warrants the conclusion 

that this luck of histamine is a factor in the production of uterine inertia. 

The release of histamine into the blood of patients subject 

to urticarial attacks following stimulation of the skin supports the view of 

Lewis (1927) that stimulation or injury to the cells of·the skin result in a 

release of histamine. This theory has recently been opposed by the work of 

Menkin (1938b). This latter worker believes that the increase in perme-

ability of the capillaries, and the formation of oedema which occurs in 

inflammation is due to another substance which he has called 'leucotaxine. 

(see P• 98 } • 
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(B) Histamine Sensitivity: 

In 1934, Ka.rady in an endeavour to determine the sensitivity to 

histamine in patients, devised the following test. He injected a small 

dose or histamine intravenously, and followed the changes produced in the 

blood pressure. On examination of the resulting blood pressure curves, 

four main types could be distinguished. This test was then performed on 

a large number of patients about to undergo major mtrgical operations, 

and it was noted that the patients which tended to develop postoperative 

shock fell into the same group as determined b,y the test, that is, TYPe II. 

Rusnyak, Karady and Szabo (1936) found further that if such patients (Ty-pe II} 

were pretreated with histamine subcutaneously for eight to ten days, the 

response to the intravenous injection of histamine was modified, and it was 

also noted that such pretreatment prevented the onset of surgical shock 

following operation. 

In order to explain the protective action afforded by histamine 

pretreatment, Rusnyak, Karady and Szabo {1936) and Karady {1938) performed 

experiments on animals in which it was shown that pretreatment of an anLmal 

with histamine will prevent the decrease in blood volume which usually occ,xrs 

during histamine shock, or shock due to surgical trauma. 

It seemed of interest therefore to repeat the first part of the work, 

in order to evaluate these resultso 

In collaboration with Dr. s. Baxter and Dr. S. Karady, a series of 

160 patients taken from the medical and surgical services of the Royal 

Victoria Hospital were examdned. 

Method: 

A solution of' histamine containing 0.003 mg/cc (3 y/cc} is made and put 

up in sterile glass ampoules. In order to carry out the test two cc (6 y) 
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of this solution are injected into the median basilic vein of one arm. 

The systolic blood pressure is followed every 5 to 10 seconds in the 

o:pposi te arm. Two people are necessary to carry out the test, one of whom 

takes the blood pressure readings, while the other injects the histamine 

solution. Certain precautions should be taken. The blood pressure of the 

patient should be stable before making the injection and the histamine 

solution should be injected rapidly. 

Such an amount of histamine frequently causes flushing of the 

face and neck, a metallic taste is felt and an increase in the pulse rate 

is observed. 

The changes which occur in the blood pressure are shown in the 

specimen curves {Fig. 12). Four ty9es of blood pressure responses were 

found. Type one is characterized by a drop of 20 - 40 - 60 rmn Hg. within 

thirty seconds, which is followed by a return to normal or a slightly 

higher point within one minute and a half. This type of response is found 

in the majority of individuals. Type two is characterized by an initial 

drop of at least 20 mm of Hg. followed by a return to normal and a secondary 

rise of et least 20 mm Hg, over the original level, ~ith a final return 

to normal. 

To type three belong those individuals whose blood pressure response 

is slight in that a drop of 5 to 10 mm Hg followed by a return to the 

original level occurs. 

Type four is characterized by a drop of less than 20 mm Hg followed 

by a return to and a secondary rise of less than 20 mm Hg over the original 

level. 

Of the patients examined 65% fell into Type I, ?~; were of the 

second type, g/; were of the third type, and 6% fell into Type IV. The 

rernaining 13% made 11p cases of hyperthyroidism and these will be discussed 

separately. 
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Of' fifty -nine surgical cases, only six belonged to Type II, 

and in none of these did surgical shock develop. 
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Two cases of urticaria in whom a ~rpe II response was obtained 

were chosen for pretreatment with histamine. They were treated as follows: 

0.005 mg of histamine subcutaneousl:r the first day and 0.01 mg on the 

second. The dose was then increased by 0.01 mg of histamine until a daily 

dose of 1.0 111_g was attained. This was continued for three days, and then 

the blood pressure test was given.again. In both cases the response to the 

intravenous inj action of hi stamina was altered (see .r:'ig. 13). Instead of 

the original Type II response, the blood pres~1re now gave c modified Type I 

response. 

Cases of hyperthyroidism usually give a very mild response, in 

that a slight fall in t11e blood pressure (5 mm Hg) occurs. It is believed 

that this is due to the fact that the capillaries are already dilated, and 

as a result, the action of histamine is greatly diminished. 

Discussion: 

7fuile it is probable that the response of the blood pressure to an 

intravenous injection of histamine may be an indication of the degree of 

sensitivity to histrutine the results of such a test are not in agreement 

with those found by means of a subcutaneous injection of histamine. 7or 

example it has been reported that the skin sensitivity test to histamine is 

increased in cases of asthma {Ramirez and George 1924) ,ho~-e11er,blood pressure 

response to an intravenous injection of histamine does not fall into the 

Type II group, in such cases. 

There are certain points which deserve attention however. According 

to Rusnyak, Karady and Szabo (lg36) surgical shock is prod1tced in part by 

the liberation of histamine, and this explains why these patients go into 

shock. The greatest argument against such a theory is that up to the present 
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it has not been possible to de~o~strate a release of histamine into the 

blood of animals in which acute traumatic shock has been produced {:MaciDonald 

and Woolfe 1g3e). If how eve:- one considers the amount of hi sta.mine which 

will produce a drop of blood pressure in the human being this is not 

surprising. The normal histamine content of the blood in man is 0.04 y/cc. 

If one injects six gamma intravenously, a marked drop of blood pressure may 

occur as has been shown. For example: In one patient with hypertension 

and arterio-sclerosis, a drop of over 100 mm Hg Tias produced (205 -lOO mmrrg). 

If one assumes the average blood volume to be about 6000 cc the addition of 

5 y to this when diluted adds 0.0007 y/cc., an amount ~possible to measure. 

Further difficulty is added by the rapidity -;;ith which histamine disappears 

frOL1 the blood. 



E:x:neriments on the Rapid p-£oduction of an Increased 
Resistance to Histarline in the Cat. 

In the experimental work just described it was shown that the 

blood pressure response to an intravenous injection of histamine can be 
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altered in the human being by pretreatment with histamine (see Fig. 13, p. 210a 

In order to explain this mechanism, Karady {1936) treated cats with sub-

cutaneous doses of histamine for a period of eight to ten days. He observed 

that whereas untreated anjmals reacted in the usual manner to an intravenous 

dose of histamine (10 y) i. e. a marked drop in the blood pressure, in 

animals treated for three to four days the drop in blood pressure was much 

less, and in animals treated for a period of eight days, a slight rise in 

the blood pressure occurred when a s~ilar dose (10 y) was given intravenously 

Karady (1936) further observed that if frequent intravenous doses 

were given to an anaesthetized cat, the effect on the blood pressure was 

gradually altered from a depressor to a pressor response. 

In collaboration with Dr- Karady these last experi8ents were repeated 

in a group of six cats weighing between 1.8 and 2.5 kgs. 

The animals were anaesthetized with dial ( Ciba) and prepared in 

the usual manner. Blood pressure was recorded f'rom the carotid artery • and 

the injections were given into one femoral vein. (see methods p. ). 

Histamine injections were then given at intervals of two to three 

minutes. The doses were rapidly increased. A reversal of the usual response 

to histamine was obtained in all animals when a dose of 1000 to 2000 y was 

reached. In all except one of the six animals the blood pressure was 

mai!ltained at or above lOO mm Hg. An example of one OJ_· these experiments 

(No. 5) is shown in Fig. 14. The protocol shows the various doses given and 
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Figure 14 

PROTOCOL I 

Ex:p. 15 Male Cat Dial Anaesthesia 

Time Histamine Injected B. P. 
in y 

130 150 
134 1 
138 10 (A) 
140 50 
144 100 
148 200 
152 500 
154 

157 1000 (B) 100 
159 1000 

1
o3 2000 (C) 100 

208 1 {D) 100 

- -- - - - ---- ----



213. 

the specimen traci~s are indicated by the letters. It will be observed 

that a dose of 1000 y produces a rise with the blood pressure maintained at 

lOO mm Hg (B) and that a slight rise is obtained even with 1 y of histamine (D) 

In EXp. 3 (Fig. 15) however, while similar rises were obtained in 

the blood pressure following the rapid injection of successive doses of 

histamine, the blood pressure was not maintained, but fell to a level of 

45 mm F_g. 

Discussion: 

Previous workers have shown that the response to an intravenous in-

jection of histamine may be altered by a previous intravenous injection 

fMeakins and Harington 1923; Feldberg and Schilf 1930). Using the cat, a 

large intravenous dose of the amine was first given (5 mgm.). When the animal 

was in shock, a second very large dose (10 mgm) produced a rise in blood 

pressure. This may be explained by the fact that the first dose of histamine 

paralyses the capillaries, and therefore the action of histamine on the 

arterioles, that is vaso-constriction, becomes dominant, with a resulting 

rise in blood pressure. It should be noted that ~hese animals were in shock. 

In the experiments just described on the other hand, a tachyphylaxis 

or rapid production of resistance is produced, as evidenced by the fact that 

blood pressure is maintained and further that a pressor effect is obtained from 

doses as small as 1 y. (see Fig. 14). 

It would seem therefore that the mechanism is more of desensitizing 

nature than a paralyz ing one. 

Similar observations have been made by other workers (Eichler ~~d 

Klllian 1931) using the rabbit. 
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PROTOCOL II 

Experiment 3 Male Cat Dial Anaesthesia 
cont'd 

Time Histamine B. P. Time Histamine B. p. 
injected injected 

in y in y 

500 150 544 lOO 
512 1 (A) 545 200 

514 10 (B) 547 500 

516 50 (C) 
548 1000 (F) 45 

518 50 
520 100 
524 200 
526 500 
529 1000 120 
534 1000 
536 1000 
538 1000 
540 1 (D) 45 
542 10 {E) 45 
543 50 

------- ~ - - ~ - - - - - - - -
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Final Discussion: 

A1 though a large amount of work has been performed in an effort 

to determine the role of histamine in various conditions, the physiological 

signiricance of this substance is not as yet clear. 

Perhaps the most probable physiological action or histamine is 

concerned with the local re~1lation of the blood supply to a part. It would 

then by means of its vaso-dilator reaction increase the blood flow. In 

the introduction to lihe monograph by Gaddum an.d Dale (1936) Dale has 

expressed the view that histamine and the other tissue-hormones may act 

collectively as the natural antagonists to the vaso-constrictor mechanism 

which is primarily controlled by the central nervous system. The work of 

Ungar (1938) sea'Tis to indicate that histamine may be released b:r means of 

a nervous mechanism similar to that by which acetyl-c~oline is liberated. 

However he has not properly identified the liberated substance. The finding 

that the histamine content of the blood may be increased by anoxemia 

(Barsoum and Gaddum (1935b) and decreased by hyperventilation (Eichler 

and Speda 1938) may possibly be correlatei with some re:S·_-;_latory vascular 

mechanism. 

There seem.s to be sorr1e r:1_echanism in the organism b:T which the 

histarr~ne content or the tissues ~n.d of the blood is kept at a constant 

level. For instance, histamine which is formed in the intestinal lQmen 

.urust for the most part be inactivated as it passes through the wall of the 

intestine. Sim.ilarly increased amounts of the 8.L'nine liberated into the 

blood are taken up by various tissues to be destroyed there. There are 

several ways in which a liberation or histamdne can be dealt with, depending 

upon the site and cause of liberation. Histamine which is liberated into 

the tissue spaces by cell stimulation or injury exerts a local effect. This 

may be regarded in part as a protective mechanism, for if all the histamine 



were suddenly to enter the blood stream, a marked general reaction would 

result. 
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That some of this histamine may enter the blood stre~s after local 

tissue damage has been shown in the experL.J_en.ts previously described (p.203 

From the recent work of others one may postulate that under normal 

conditions, a certain amount of histamine is constantly being produced, 

most probably from histidine. Under pathological conditions such as 

• 
anaphylactic shock however it has been shown that large amounts of histamine 

present in the tissues in loosecombinatioh may be liberated into the blood 

stream. There are several ways in which the organism is protected against 

the action of this sudden liberation. 

First, there is the ~ediate ramoval of histamine from the 

circulatir:.f blood plasma into the white blood cells where it becomes in-

active, but not destroyedo Secondly, there is the rapid withdrawal of the 

histamine from the blood into the tissues where it becomes fixed, and 

finally is destroyed. 

It has been Shown that the presence of the adrenal cortex is 

essential to the maintenance of an aPility to destroy histamine. This is 

illustrated by the fact that a rn.arl~ed increase in the histamine content 

of certain organs occ,ITs following the removal of the gland, and that further 

the ability to inactivate histamine is markedly affected. This is not 

thought to be the specific function of the adrenal gland, but is rather 

regarded as part of the general resistance maintained by the presence of 

the adrenal cortex. 

The mechanisms of destruction have been discussed, and whereas 

it is felt that histaminase may be an ~portant factor in maintaining the 

normal amounts of histamine in blood and tissues, it cannot accoa~t for the 

rapid destruction which takes place in the tissues when large amounts of 
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the amine are liberated into the blood stream. 

The finding of histamine in the gastric juice by I®acintosh (1938) 

has led him to believe that histamine may be a normal stimulant to gastric 

secretion, although he is not of the opinion that it is the 'gastric hormone1. 

The recent work on histaminase in the human placenta is interesting 

but as yet one cannot say whether or not histamine plays a physiological 

role in pregnancy or in the mechanism of child birth. 

The use of histaminase preparations, and of active histamine desen

sitization have been successfully used as protective mechanisms against the 

action of histamdne in animal exp~rimentation. The possibility of such 

procedures being of therapeutic value clinically is supported by the suc

cessful treatment of patients who are sensitive to cold (Horton, Brown and 

Roth 1936). 



The investigations reported in this thesis have led to the 

following findins: -
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1. Studies on the hista:une content of the tissues of the rat have 

been carried out. Of all the tissues studied, the stomach contains 

the greatest SL1ount of histamine. 

2. A sex difference in the histamine content of the blood of the rat 

was found. This histamine content of the whole blood of the normal 

female rat is higher than that of the male rat. 

3. Adrenalectomy causes a marked increase in the histamine content 

of the stomach and small intestine. 

4. ..ill increase in the hist~-:D.::.1e content of the lu.llg and liver occurs 

after ovariectomy. 

5. Studies on the fate of intravenously injected histamine have shown 

that the distribution of histarrlne injected intravenously into the 

intact and adrenalectomized rat is markedly in favour of the tissues 

as compared. with the blood within fifteen minutes. 

6. Of the tissues studied the kidney takes up most histamine. 

7. ~though the concentration of histamine in the blood, l1mg, liver 

and lymph glands has begun to decrease 7Ji thin fifteen :ni:<_Fl tes after 

the injection, no apparent decrease is evident in the kidney up 

to the thirty minute period. After this time the rate of dis-

appearance is greatest in the kidney. 



8. Adrenalectomy has little effect on the initial tisslie 

distribution of histam.ine injected intravenously in the rat, 

218. 

but mar~:edly retards the rate of its disappearance •. This effect 

is most marked in the kidney. 

9. Although the ability of the adrenalectomized rat to inactivate 

hista:-.:ine at the normal rate is restored by the administration 

of large doses of cortin or desoxycorticosterone, the normal 

naintenance dose of cortin is c.uite inadequate. 

10. Studies on the hist~~nase content of the tissues of the rat 

in collaboration with Dr. Karady shm7 that only lllllg and small 

intestine contain histaminase. It has also been found Qy the 

author that t~1e histaminase content of the lung tissue of the 

r~t is decreased following adrenalectomy. 

11. It has been sh0'72 by the author that histamine may be released 

into the ~lood of patients following stLmulation of the skin, 

by scratc~::.ing or by exposure to hea:b or cold. 

12. The -:-:rorl: of I:arady on sensitivity to histamine by means of an 

intravenous injection of histamine in patients has been repeated. 

13. The existence of a tac~rphylaxis in the cat has been confirmed. 
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