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1.
INTRUDUCTION ,

Since the discovery of histamine, the literature
on its metubolism has expanded continually, It has
been investigated and discussed with réference to
the part it plays in physiological and pathological
conditions, As the methods of investigation have
become more sensitive, so & more detailed picture
hes been drawn of its functions in the body. As
drugs have been discovered which influence its
‘action in the living animal, so its functions seem
to oecome more complicated and varied, However, in
spite of all this inveétigation, the place and mode

' of origin of the body histamine is still ill-defined,
the form in which histamine is carried in the blocd
stream is still uncertain, and the fuctors which
control its release from the tissues in the normal
animal are matters of controversy.

The present study is essentially an investigation
of the metabolism of histumine in the normel animal,
The rat was used throughout these experiments
becuuse its urinary excretion of histemine is
known to be high, OSeverel asuthors (2, 33, 42, 45,
47;) heve made observations on the form in which
histamine is excreted in the urine after its oral
or parenteral administration in ruts and mice,

These workers used tpe meusuremept of the urinary

excretion of histamine to determine the methog by
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which the body metabolises excess histamine, Anrep,
Ayudi, Barsoum, Smith & Talaeat (3) measured the
urinary excretion of histamine in several different
species of animels, and observed the effects of
different diets, and of variations in the urinary
volume on the excretion of histamine, In so doing,
they mad: severazl deductions about the metabolism
of histamine in normal animals, In the present
experiments, it has, in fact, been shown that it is
Justifiable to make such deductions by measuring
the excretion of histamine in the urine, Provided
that certain conditions are fulfilled regarding
constancy of diet and the excretion of an adequate
volume of urine, the excretion of histumine does
appear to reflect changes in the metabolism of

histamine in the body, and provides an easy method
of studying factors which mey influence this

metabolism,

Interest in the possibility that the intestinal
flore might play an important part in the animal's
metabolism of histamine was first aroused by reading
the papers of Hanke & hoessler (19, 20;) on the
bucterial production of histamine, The powerful
wetion of the antibiotics and sulphonamides on the
bacterial flora of the intestine is well-known, zand

it was & simple procedure 1o measure their effects



Je
on the urinary excretion of histamine in the rat,
Since 1924 only Urbach (47) huas suggested that
intestinal bacteria could influence the metabolism
of histamine under normel conditions,

A considerable amount of work has already been
done on the action of histamine liberstors on the
metabolism of histumine in isolated tissues, The
efficiency of the histamine liberators has been
assessed in several different tissues, but no
observations have been made on the absolute
quantities of histamine released in the whole
animal by the different liberators, Measurement of
‘the urinary excretion of histamine following the
administration of various liberators enabled
comparisons of the efficiency of these substances to
be made, demonstrated differences in their actions
in the whole animel, and made it possible to use
the liberutors as a tool for the investigation of
‘the metubolism of histamine in the normsl animal,

Phe inter-action between adrenaline and histamine
which it has been suggested mey occur physiologically
(44), can be confirmed only in the whole animal
‘under normal conditions, It is still under
discussion whether histamine is found in increased
‘quantity in the blood following the infusion of

‘adrenaline into man and operated animals,
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Concentration in the urine of any histawmine liberated
from the tissues is easily detected in the rat,
Thus the present method of investigation is
satisfuctory for determining whether adrenaline
'influences the metabolism of histamine in the normal
animal,

The present work, therefore, consists of a
description of the method used for measuring the
Iurinary excrction of histamine, and observations on
this in the normal animal, The effects of the oral
administration of drugs affecting the bacterial
flora of the intestine, and of the parenteral
:injection of adrenaline and the histamine liberators
on the urinary excretion of histawine have also
been investigated, The conclusions concerning the

metabolism of histamine in the rat are discussed,
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METHODS ,
The methods which were employed for the investig-
ation of the metabolism of histamine involved two |
procedures -

(1) The collection of urine over suitable pericds,

'and the extraction of the histamine from the

' different portions of the alimentary canal,

' (2) The assay of the histamine in the urine and

in the fluid extracts,

Experiments were performed to determine to what
extent the experimental procedures to which the
animals were subjected influenced the results, The
vielidity of the results of the histamine assay on
the urine and tissue extracts was also investigated
in several different ways,

Throughout these investigations the albino rat

was used as the experimental animal, The rats

' were obtained from four different sources; but

before any experiment was performed they were kept
for at least four days in the animal house in the
department, Female rats aged 12 - 18 months and

weighing 200 - 300 g, were used, They had each had

' about five pregnancies, and the last weaning had

been completed 1-2 months before the experiments

' were started,
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COLLECTION OF URINE,

‘fwenty-fomr hour and four hour collections.

The rats were kept in metabolism cages throughout |
the experiments, which lasted for three weéks or
longer, Before any experimental values for normal
24-hour or 4-hour excretion were accepted, the rats
werc ullowed three days to settle down in their
cages, During this period the values for the urine
'volumes and for the histamine excretion were often
irather inconstant, This inconstancy, at any rate
‘during the first 24 hours, appeared to be due to
adjustment to the water and food content of their
'diet, However, the rats became adapted to living
in their ceges during the first three days, and
thereafter the urinary volumes remained fairly
constant over 24 hour periods, Their histamine
excretion remained correspondingly constant,

Diet, Throughout the experiment the rats received

a standard diet and water ad_libitum. They were
weighed at the beginning and at the end of the
experiments, Uenerally the rats maintained their
weight during an experiment, but occasionally they
llost 10 - 20 g. It was not found possible to give
the rats rat-cake for their diet, as they scattered

fragments of the cuke over the floors of their

[cages, and it interfered with the urine collection.
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' This difficulty was overcome by using crushed rat-

cake mede up in bowls with water and edible

gelatine, The recipe for the preparation of the

diet was as follows:-

Rat-cake 17g.
Edible gelatine 8.
Hot water 25ml,

Rat-cake manufactured by the North-Lastern
Agricultural Co, Ltd, of Aberdeen was used in all
the experiments, It has been estimated (25) that

this cake contains: -

Protein 24 .8%
Fat 1,7%
Carbohydrate (starch) 9 .3%
Fibre 4 ,9%
Ash 9.5%

For the preparation of the experimental diet,
crushed rat-cake from the bottom of the bin was
used, The gelatine was manufactured by T, & G, Cox
Ltd, Gorgie Mills, Edinburgh. The manufacturers

state that its composition is about 98% gelatine,

' "the remainder consisting of & small amount of

' inorganic constituents", They also state that it

should contain no fats, carbohydrates or histamine,
After preparation, the food was placed in the
refrigerator for 8 - 12 hours, and then given to

the rats, The cake was spread uniformly through

| the gelatine, The food was coherent and had & soft

| rubbery consistency, ¥Metal plates, with holes
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through which the rats could pass their heads only,
were placed over the bowls, tc prevent them from
using their front paws for holding the food, By
these means scuttering of the food over the floors
of the csges was reduced to a minimum, &nd little,
if any food reached the urine separators,

The water content of the food after it had been

in the refrigerctorifor eight hours was estimated

by weighing it before and after completely drying
it in the oven, The mean weight of three different
samples of food ready to feed to the rats fell from
44 g. to 28g. after dryimg. 7The rats therefore
received a water load of about 16 ml, in their
food, The histamine content of two different
samples of the food wes estimated, A weighed
Iquantity of food was extracted with normul hydro-

chloric acid, boiled for one minute, and centrifuged,

The fluid was poured off, boiled in 20% HCl on a

'sand-bath, then evaporated and reconstituted ready

;for assay. 4his method is similar to that used for

‘tissue extraction of histamine, %he mean histamine

‘content was T.8pg./g. of food. A veriable quantity
;was left in the corners of the bowl, but this never
‘excecded 8g. Most of the food was eaten during the
1night, by which time it is likey that some of the

fluid in it had been lost by evaporation, Thus the
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rats received probably not more than 12 - 16 ml,
water and 340 pg, histamine daily in their food.

Urine collection, Phe rats were kept in metabolism

cages made of wire mesh, 7The cages had a perforated
zinc floor and rested on 10" glass funnels,
Originally the urine was separated from the faeces
Iby pear-shaped glass balls resting in the collecting
vessels, This method of separation was fairly
satisfactory, The collecting vessels used were 50 ml
‘measuring cylinders, The tips of the stems of the
funnels rested Jjust above the balls, Any faeces or
Ifood which pussed down the stems remained on the top
of the balls, while the urine passed round the sides
of the balls into the collecting vessels, If,
however, the food was not of uniform consistency, or
if the rats suffered from diarrhoea, the food or
faeces tended to lodge in the stems of the funnels,
Another disadvantage of this method was that the
stems had to be arranged very carefully to rest over
the centres of the balls; any large or sudden
movement of the rat tended to move the funnel, with
consequent faulty separation or loss of urine,
Another method of separation was tried, in which

the separator consisted of a small collecting funnel
2" in dicmeter, with a perforated zinc sieve, This

was found tc be much more successful, It had the
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advaentage that the whole system was not affected by
sheking or the movements of the rat, and it held up
any food or faeces passing into the collecting
funnel, Upiversity College Hospital separators
were also tried, They consist of wide glass tubes,
down the inside of which the urine pausses from the
collecting funnels, so that it is collected and
pussed into a smell tube attached to the side of
the main tube, The faeces dropped unobstructed
downi the centre of the mein tube, These suffered
from the disadvantages of the glass bells, and loss
of urine tedded to occur down the centres of the
separators,

The second method of separation was found to be
the simplest and the most practical, Provided
the food was properly prepared and the cage floors
were of suitable sized mesh, minimal food and faeces
passed on to the separating mesh, and none into
the urine, This method was used in the experiments
in which 24 hour and 4 hour collections of urine
were mad:, Initially, drinking water was provided
in bottles, and the rats drank by sucking water
through an angled glass tube, This method wus
abandoned, however, as the water tended to drip
out of the bottles, Water was subsequently

' supplied in containers attached to the sides of
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the cages, but outside the collecting funnels, so
that no mixture of water with the urine occurred,
Each morning &t 0930 hours the food and faeces
were removed from the metabolism cages , the
colliecting funnels were washed with soap and warm
water, and allowed to dry, Fresh food was put in
the cages and the urine collecting vessels changed.
When the urine was being collected at four hour
intervals the urine collecting vessels were
chenged six times in the twenty four hours;
otherwise the experimentel conditions were similar
to those described above for the twenty four hour
collection periods, Period 1 started at 0930
hours cach day. ©Normal urine had a pH of about
6.5, though it varied from 5 to 7, The pH of the
urine wes adjusted to 7.8 with normal NaOH, and
its volume measured, No preservative was added to
the vessels in which the urine was collected,
because it was found that if the urine was kept in
the refrigerator, no change occurred in the
concentration of the histamine in the urine, It
is also considered doubtful (2) whether any
preservative is necessary to prevent bacterisal
growth in the urine,

Half-hour collections.

Measurements of the urinary histamine excretion |
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over 24 hour periods are suitable for the
investigetion of factors which cause gradual
changes in the metabolism of histemine, In order
to investigate more rapid changes, & method has
been develdged in which the histamine excretion
is measured during 30 minute periods for several
hours at a time,

The ruts were placed on wire mesh platforms
on eight inch glass funnels, In order to initiate
and meintain an adequate urinary output, the rats
were given a water load of 5% of their body
weight by stomach tube, This was repeated half
an hour later, and half an hour after this again
a volume of water was given equivalent to the
volume of urine passed in the first hour,
Thereafter & volume of water was administered
at hourly intervels corresponding to that excreted ;
in the previous hour, The urine was collected at
half-hourlyintervals in graduated tubes and its
volume measured tc O,1 ml, Luke warm distilled
water was administered to the rats through a
rubber catheter passed into the stomach through
& glass geg held in the ®mats mouth. Before any
experiment was performed, a water load was given
to the rats on the previous day, and water was

sdministered &t half-hourly intervals for three
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'or four hours in order to train the rats to swalliow

the tube and to sit quietly on their platforas,
Administration of the water was always performed
with the rat sitting on the platform, so that no
urine was lost should micturition occur during the
operation, Initially, emptying of the bladder at
the end of the collection period was produced oy
holding the animal firmly round the chest until

panting began, when the bladder was completely

- emptied, Cowmpression of the chest was always

preceded by gently stroking the back of the

enimal's neck, Subsequently this milder foram of
stress was sufficient to cause reflex emptying of
the bladder,

The urine output remained fairly constant at
about 6 - 10 ml, during each half-hcur period
after the first hour, After the first hour the
urine was kept, its volume measured and the assay
of histamine performed, The urine collections
have been continued for as long as eight hours;
and throughout this period the urine output

remeined remarkably constant, and the rats showed

no ill-effects as the result of water sdministration,

' This method was used for the investigation of

histamine liberators, but no rat was ever used

~more than once for this purpose, as it has been
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reported (12) that the restoration of the skin
histawmine in rats which had been given Compound
48/80 was still incomplete forty days after its

injection,

EXTRACTION OF THE TISSUES FOR HISTAMINE,

Extracts were made of the stomach, small and
large intestines, A modificaetion of the method of
Douglas, Feldberg, raton & Schachter (7) was
used in order to meke it applicable to the alimentar;
canal of the rat, and the method was further
modified in order to estimate the histamine
concentration in the contents of the intestinal
lumen,

Prior to death the rats had been fed on Aberdeen
rat cubes and water, ad_libitum., The animal was
killed with ether, Immediately after death the
gliwentary canel was dissected out as rapidly as
possible, and its three parts were weighed with
their contents, The stomach and intestines were
split longitudinelly, the contents lifted out with
forceps, and the lumen washed with saline, The
stomach and intestineswere hung up and allowed to
drain for about four minutes, and then weigheé
agein, The contents and intestinal washings were
kept and shaken together vigourously for several

uinutes, The extraction procedure was then carried
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out as described for the gut, (7), and & colourless
opalescent fluid was finally 6btained. The
intestinal contents and washings were brought to
pi 2 by the addition of normal HCl, and were then
treated by the same method,

After the gut wall and contents had been
separated by centrifuging, and the extracts had been
brought to pH7 by 2N, NaOH, the final volumes were
measured, 1t was found that if the fluid was then
assayed, it occasionally contained & substance
wvhich depressed the contraction of the guinea pig
ileum to the standard solution of histamine, 1In
order to eliminate this substance, and also to
make certein that all the conjugatedhistamine was
freed, the extracts were boiled with strong HCl
for an hour, This procedure is described later,

PREPARATIOR-AND ASSAY OF HISTAMINE:CONTAINING

¥LUIDS.

Histamine assay.

All the assays were performed by comparing the
contrection of the isolated guinea pig's ileum
caused by & standerd solution of histamine with
those produced by the active substance in the
fluids tested, In all the asssys the ileum was
suspended in Tyrode's solution conteining atropine

in the concentration of 10 ' . A 2 ml. bath was
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used, and the bath temperature was maintained at
35 - 36'C, The standard histamine solution
contained 0,2pg, histamine base per ml, and 0,10 ml,
of this solution was added tc the bath, The
solution remeined in the bath for 15 seconds, and
was then washed out, The gut was allowe 1,25
minutes to recover before the next active solution
was added, |
Preparation_of urine,

The concentration of free histamine in rats'
urine is usually so high that it can be measured
by direct addition of diluted urine to the organ
bath, The urine from 24 hour collections was
diluted 1:25 in order that the contraction of the
guinea pig ileum which it caused would be comparsable
to that produced by the standard histamine solution,
The urine from the rats which had received a
water load was assayed without dilution, as the
concentration of histamine in it was so low, The
urine weas aslways filtered before dilution and after
measurement of the volume, The evidence, on which
is based the assumptiom that the active substance
assayed in this way was free histamine, is given
later,

The urinary excretion of conjugeted histamine

was estimated by obtaining thé_difference between
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the total histamine, after the hydrolysis of the
acetyl histamine, and the free histamine, Hydrolysis
was performed on 1 ml, of urine by the method of
Roberts & Adam (38); the hydrolysate was evaporated
to dryness at 60 = 7000. in a water bath under
suction, and the residue was dried off in 10 ml,
absolute alcohol, Finally it was taken up in
normal saline, neutralised with NaOH, and the final
volume made up to 25 ml, 1In the assay, the
concentrations of histamine in the unhydrolysed
and then in the hydrolysed solutions were determined
by comparison with the standard solution., Finally
it was confirmed that these volumes of the unknown
solutions produced equel contractions of the gut,

Preparation of tissue extracts,

In order to hydrolyse all the conjugated histamine

in extracts of the gut wall or contents, and also
to destroy the substances interfering with the
assay, the extracts were boiled with HCl, as
described above for urine, The final sclutions of
the wall were yellowish brown and cleer; %Those of
the contents were dark brown,

All the wall extracts were assayed first, and
then the contents, In spite of this it was found
that some contmminating substances were present in

"the solutions - though certsinly not in such high
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:concentrations as when hydrolysis was omitted, The
histamine could not be assayed in solutions which
contained the gut-depressing substance, but this
occurred on only two occasions,

| VALIDITY OF RESULTS.,

A number of tests were performed in order to
confirm that the active substance assayed in the
urine was, in fact, histamine, Other experiments,
designed to determine the influence of the different
procedures employed sn the excretion of histamine
by the rets and on the validity of the results of
the assays, were also carried out,

The values for the urinary excretion of
histemine might have becn influenced in two ways by
the experimental techniques employed., The
experimental procedures to which the rats were
| subjected camld have influenced the volume of
5 urine passed during the collection periods, and
' thus influenced the urinery excretion of histamine,
: as a result of physiological and psychological
factors other than those caused by the drugs. The
assay of the: histamine might have been affected
by the emcretion of the druge in the urine in

concentrations sufficient to affect the sensitivity

of the assay,
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Identification of active substance_ in_urine,

Addition of the urine diluted 1:25 to the bath
containing the guinea pig ileum produced &
contraction exactly similar to that produced by the
standard histemine sclution, Addition of atropine
sulphate to the Tyrode's solution in the buth, to
give & concentration of lb'7, did not affect the
size or guality of the contractions produced by the
addition of diluted or undiluted urine, Contraction
of the ileum was abolished by mepyramine; and the
responses to the urine , diluted or undiluted, and

to an equipotent dose of the histamine st@ndard

solution returned at the same rate, The record
from & typical experiment is shown in Fig, 1.

In &« few experiments the histamine equivalent
of the urine was estimated after adsorption on
Amberlite I,R,C, 50, A column of the OH form of
the resin, 5 cm. in length and 1 cm. in dismeter,
was prepared and washed with distilled water until
its pH was reduced fo 7T.4; 40 ml, of 0,2 molar
NaH,PO, (pH 7.1) were then passed through, 10 ml. at
a time, at the rute of 1 ml, per minute, The pH of
the eluate initially rose to 8,3, but during the
third wash fell agein to 7.4, The rate of flow was
then reduced to 0.5 ml, per minute, and the solution

containing the histamine was poured on to the column
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a X X Unhydroiysed urine
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Fig.l.

Effect of mepyramine on the size of contraction
of guinea pig ileum to doses of histszwine standard
(0.2 pg./ml,) and to hydrolysed and unhydrolysed

urine,
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and washed through with five washes of 2 ml,., of
Idistilled water, Xlution was performed by passing
4 ml, of 2N, HC1l, followed by 10 ml, 1/100 N.HC1l
through the column, which reduced the pH to 2, The
pH of the eluate was sdjusted to 7 with 4N, NaOH
and its volume was measured, The final volume was
;about 16 ml,

When urine was passed through the columns it was
diluted 1 in 3 in order to reduce the salt concentr- |
ation to a level at which it would be unlikely to
interfere with the adsorption of hist&miné. Six mils:
:of urine were used, made up to 18 ml, with distilled

 water. The eluate was finally diluted with Tyrode's |

|
solution before the asszys were carried out, Four

control experiments were cerried out in which 25 PE.

of histamine were passed through the columns in 30 ml,

|

of u,02 N. NaH,PO, ., The recoveries of histamine were
|

€246, 23.3, 24,4, and 25,6 pg, giving & mean of

<4.7pg. This is equivalent to a recovery of almost
100%.,

‘ A comparison between direct estimates of the
%istamine equivalent of rats' urine and estimates
obtained after adsorption on Amberlite is shown in
lable 1,

There was no significunt difference vetween the

_#egthg obtained by these two metheds, It was
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Iable 1,

Comparisom of the values for histamine excretion
by direct assay of the urine and assay following

adsorption of histamine on columns of I,R,C, 50, i

Rat, Histamine excretion (pg./24 hr,
ssa edsorption. Direct assey.
ds 64 65 |
A 157 156 ‘
5 182 195 i

Mean 134 139
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' considered that these results Jjustified the use of
the method of direct assay by the introduction of
the urine after suitable dilution into the organ
bath, The results in themselves do not prove that
the active substance in the urine was histamine,
:but they do show that it resembled histamine in the
if&ct thet it was alisoroved at pH 7.4 and eluted at
pH 2, This at least suggests that it was an organic
base,

Boiling the urine for one hour in 20% HCl, (38),
increased its histamine equivalent, This is stated

to cause complete hydrelysis of acetyl! histamine,

‘It is probable that this treatment would also

Idestroy any other substunces in the urine which

'would cause contraction of the gut, (5)., Addition

of mepyramine to the bath abolished the response of

the gut to the hydrolysed solutiph, and the response

returned at the saume rate as the response to histamine,
It is considered (7) that histamine itself is

;responsible for the histawine-like effects on the

‘guinea pig's ileum of extracts of the zlimentary

!can&l. the added precesution of boiling the extracts

with HCl made the elimination of any impurities
which might have interfered with the assay more

certain, The addition of mepyramine to the bath

containing the guinea pig ileum abolished the effect
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produced by the extract, and the sensitivity of the

i ; . .
preparation to histaumine returned together with that

to the principle present in the extiract,

| Thus it is concluded that the active substance in
%he urine and extracts which caused contraction of
ithe guinea pig ileum was histemine, and that the

iincrease in the conceéntration of histamine produced

by ovoiling the urine in strong acid was due to the

hydrolysis of the acetyl histamine present in the
iurine.

Effects of varicus experimental procedures on

;gggnarx histamine excretion.

During the course of different experiments in
;which the 24 hour and 4 hour urinary histamine
.axcretion wes measured, various drugs were given to
'the rats by stouach tube or by subcutaneous injection.
'The stomach tube was either a soft rubber catheter,
lintroduced through a glass gag, or & No, 3 Emesay
gun~elestic catheter, No volume grester than 2 ml,
was ever introduced, Daily administration of
distilled water by stomach tube did not affect the .
daily excretion of histamine, although for the first
;day or two the urinary volume might diminish
Islightly. TIwo mils of water were always aduinistered

from the beginning of the experiments, so that by I

‘the time the drug was gived, the animals had become
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used to the procedure, The values for the daily
histamige excretion and urine volumes from one rat
for a period of eight days, during which the rat
received < ml, water daily by stomach tube, are

given in Taeble <,
Intraperitoneal injection of normel saline did

‘not affect significently either the urinery volume
cr the urinary excretion of histamine in rats which
‘had received a water load and in which the histamine
excretion was being measured at 30 minute intervals,
'The mean values for the histeamine excretion and
‘histamine concentration, and the urine volumes in
twe rats which had received & water load are shown in
Table 3., In this experiwment the histamine excretion
began to diminish three and & half hours after the
injection of the saline, that is, five and & half
‘hours after the beginning of the experiment, though
‘the urine voluwes did not alter significantly., %he
histamine concentration alsc dimindshed slightly

towards the end of the experiment, There was no

significant difierence between the control values
and the values for the excretion up to the end of
the third hour after the injection of the saline,

:?he histemine excretion and urine volumes remained

fairly constant for five hours, and generally for

considerably longer, in each experiument,
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Daily histamine excretion and urine volume from
one rat which was receiving 2 ml, of water daily
by stomach tube,

Day. Histamine excretion, Urine volume,
pgal24 hr. ml.
) 117 21,2
24 88 14,0
D 102 18.4
4, o7 23.2
D4 136 24 .5
6. 115 J243
Te 115 27 .5
8., 109 30.5

Mean 110 23.9
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Table 3.

Half-hpur excretion of histamine in the urine}
0,5 ml, saline injected intraperitoneally at zero
| time, M,€, is mean of the control values during the

first two hours,

Time istami Urine vol., Histamine
hours, Excretion ml, Concentration,
k. . pge/ml,
1.5 1.4 249 0.2
1.0 1,7 6.6 0.3
0.5 2.0 6,6 0.3
0 1.6 6.6 0.3
0.5 1.6 2.2 0.3
1140 1.7 7.8 0.2
1.5 1.5 4.8 0.3
2.0 - 1.4 249 0.3
245 1.7 7.3 0.2
3.0 1.4 2.1 0.3
Jed 1.0 4.5 0.2
4.0 1.0 6.6 0.2
4.5 1.0 4.8 0.2
2.0 ‘ 1.0 5.8 0.2

u.cl 1.7 6.4 O.3
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‘Influence of the druge_on_the assay of histamine,

s St e e e

The drugs themselves which were administered to
the rats, or their metabolic break-down products,
were generally excreted in the urine, ﬁxperiments
were performed to determine the concentration at
lwhich the drugs would interfere #ith the assay of
histamine,
| The effects of the drugs were tested in two ways,

‘The drug in 0,10 ml, of Tyrode's solution was

introduced intc the (2. ml, bath and left there for

j90 seconds, It was then washed out and the
histamine standard added in the usual way, When
the response to the histamine standard had returned
to normal, 0,10 wml, of the drug solution was added
to the bath at the ssame time as the histamine
standard, The drugs were left in the obath fob

15 seconds in the usual way, and then washed out,
this was repeated three or four times in succession,
:l) Chlorawphenicol, It is stated that chemical
analysis of the urine over a 24 hour period in the
‘rat never disclosed the presence of nitro-compounds
accounting for more than 24,3% of & given daily
dose of chloramphenicol (1%)., This would give a

concentration of 0,016 mg./ml. of chloramphenicol

'in the diluted urine as it was used for assay, At

& concentration 350 times greater than this , &
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slight but definite effect was observed in the bath
tests on the sensétivity of the gut to histamine
( Fig. 2.) .
2) Aureomycin, 1t has been shown that rats excrete
2% of an oral dose of 20 mg./kg. of asureomycin
during the first six hours following administration
(21). Its excretion continues actively for six to
twelve hours, Though no further figures for higher
doses have been given, Un the assumption that 5%
of the administered dose is excreted in the urine,
& concentration of 0,003 mg./ml, would be obtained
in the diluted urine as it was used for assay, At
& concentration 1000 times us great as this, no
inhibiting effects were observed in the buath tests,
3) Phthulyl sulphathiazole, It is stated that 3,5%
of the adwministered drug is excreted in the urine
(27). This would give a concentration of
approximately 0,025 mg./ml, in the urine as it was
used for assay, the rats having received a dose of
<20 mg, daily, No effect was observed on the
response of the ileum at 100 times this concentration.
4) Adrenaline, It was found that the intra -
peritoneul injection of adrenaline resulted in the
excretion of sufficient adrenaline in the urine to
interfere with the assay of histamine on the

' guinea pig's ileum, Jlhe excretion of adrenaline
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Inhibition of the response of the guinea pig
ileum to histamine. caused by chloramphenicol,

h : addition of histamine standard to the 2 ml.
bath; 0.1 ml, of & solution containing 0.2 pg./ml.
¢ : addition of chloramphenicol; O,1 ml, of &

suspension containing 5.6 mg./ml,
After the second contraction chloramphenicol
was added add remained in the bath until it was

washed out at w,
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began during the first half hour folléwing its

injection, and depending on the size of the dose,

continued fofr three hours or lohger. The excretion
of adrenaline was detected by its effect in
inhibiting the response of £he guinea pig's ileum
to histumine during the assays, and & method of
destroying the adrenaline in the urine while
leaving the histamine intect was therefore employed
in &ll the experiments in which the effect of
adrenaline on the urinary excretion of histamine
was observed.

ihe following method was used :- After its
volume had been measured, solid Na, CO, was sdded
tc the urine until its pH was brought to 8, The
urine was placed in & boiling water bath for half
& winute, and after it had cooled down it was
ready for assay. In order to test the value of the
method, adrenaline (10™°) was added to & solution
of histamine (5 x 10°°) in Tyrode's solution. After
treatment with Na,CO, the solution had the same
action ¢n the ileum as the same aqﬁount of histamine
without the addition of adrenaline, Thus in the
concentrations to be expected in the urine,
adrenaline caused no interference with the assay of
histemine, The effect of the destruction of the

'adrenaline_in the urine on the excretion of histamine
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is shown in Fig, 3, The effect of the adrenaline
is obvious with large and small doses, but its
interference during the histamine assay is
considerably more pronounced with the larger doses,

5) Propemidine isethionate also affected the

sensitivity of the ileum to histamine , &t low
concélrations. ?his effect is discussed below,

MODE OF EXPRESSING RESULTS.

In a1l the experiments in which the excretion
of histamine was measured at intervals of 24 hours
end 4 hours, groups of three rats were used, In
the experiments in which the excretion was measured
| half-hourly, two rats were used in each investigation
unless otherwise stated, 1In order to compare the
results from different groups of rats, the mean
excretion of histamine during the control periods
preceding the administration of the drug has been
taken as 100%, and the excretion for each period
throughout the experiment hes been calculated as
a percentage of this, This procedure has been
followed in the majority of the experiments, 1In a
few, the results have been expressed as micrograms

of histauwine excreted in each collection period,
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RESULTS,

The experimental results will be presented in
four sections, The first section consists of the
results obtained from observations on the urinary
excretion of histamine under normal conditions,
and on the concentration of histamine in the
contents and walls of the alimentary canal, Certain
conclusions regarding the constancy of the urinary
excretdon gf histamine in the rat, and the normal
variations which it undergoes, can be drawn from
these observations, 2In the second section the
experimental results obtained after the administration
of various drugs with potent bacteriostatic effects
on the organisms 1in the lumen of the alimentary
canal, are presented, Yhese results enable certain
conclusions to be drawn concerning the origin of
histamine in the normel animal, Adrenaline affects
the urinary excretion of histemine; +the results
cbtained from the administraticn of adrenaline on
the urinary excretion of histamine are presented
in section three, ¥inally, The results cbtained
from the administration of different histamine
liberators on the urinary excretion of histamine

are presented in section four,
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SECTICs 1, THE METABULISW OF HISTAMINE,

Twenty-four hour and four hour excretion_of

o o e e s

The twenty four hour excretion of histamine
remained feairly constant from day to day in
individual rats, and also varied little between
different roats, This is illustrated in Tables 2
and 4,

It was not possible to determine over the
limited weight range of the rats used in these
experiments whether there was any correlation
between the excretion of histamine and the weight
of the rats, However, it was guite clear that
rats of this weight always excreted approximately
the same quantity of histamine every day under the
same conditions., 1In later experiments, in which
the effect of factors influencing the excretion
was measured, the changes in the histamine excretion
were of a magnitude sufficient to exclude any
possibility that they could have heen due to day-to-
day variation in the normal excretion,

The percentage recovery of free and conjugated
histamine in the urine following its administration
by oral and parenteral routes was estimated, Two

different doses of histamine, dissolved in 1 ml.

distilled water, were given by stomach tube to two
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Teble 4,

Twenty- four hour excretion of histemine in the

urine from three rats, expressed in pg.f24 hr, period,

Day. #Hat 1, Rat 2. Rat 3, Mean,
p 59 95 114 175 128
2o 96 107 148 117
De 90 116 142 116
4. 85 125 121 111
De 92 128 142 121
6. 90 114 151 118
Te 94 110 153 119

Mean 92 116 147
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different groups of rats in the morning for seversal
days, About two and a half hours later the ratis
began to pant and twitch occasionally. Their ears,
tails, and paws became flushed, This reaction
continued for two or three hours, after which it
grodually disappeared, The reaction occurred with
10 mg, and 5 mg,., of histamine, and appeared tc be
equally severe with both doses, The effects of
the aduwinistraetion of the different doses of
histamine are shown in Teble 5,

assuning that excretion continued for 24 hours
after the last dose had been given, approximately
the same proportion of the sdministered histamine
waes recovered as free histamine in the urine of
both groups of rats; 5.6% and 6.0% were recovered
from the rats receiving 10 mg. and 5 mg.
respectively., @f the administered histamine, Z.4%
was recovered as conjugated histamine, making &
total recovery from the rats receiving 10 mg. of 8%.

+he effect of & subcutaneous injection of
histeawmine on the urinary excretion was &lso
observed, Histamine acid phosphate was injected in
normel saline, after neutralisation with NaCH, into
three rats for four deys, 4he excretion of free
~and conjugated histemine wes measured, The results

are given in Table 6, It was assumed that
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Iable 3,
The effect of the oral administration of histamine
on the urinary excretion of free and conjugated
histamine, Mean histamine excretion expressed as
pg./24 hr, coblection period, Values are mean values
for the excretion from the rats used in each

experiment,

Day. Dose of Urinary | Dese of Urinary excretion.
histemine excretion | histamine Kree Conjugated
ng . Free mg .
% - 132 - 63 13
Ze - 132 - 73 12
3e - 151 - 88 15
4. 5 434 10 755 187
Bin 5 483 10 665 361
6. 5 363 10 632 206
Ts - 184 10 610 245
8. - 122 - 144 15
9. - 102 11
10, - 84 25
No, of rats 24 Je
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Table 6,

The eftect of the subcutanecus administration of

histamine on the urinary excretion of free and
conjugated histamine, The mean histamine excretion
is expressed as pg./24 hr, collection period from
three rats,

Day. Dose_of histamine Urinary excretion.

by s.c.d. |1 Free Conjugated
1, - { 101 5
2, - 83 17
D 10 2477 0
4. 10 2682 0
b 10 2183 0
6. 10 2231k 0
Te - 137 2
8. - 134 13
9. - 141 0

10, - 112 0
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histamine excretion had returned to normal on the
fourth day after the lasi dose had been given, The
recoveries from the three rats were 24,1%, 20,7%,
and 24,.8%, giving a mean recovery of «3,2%.

Comparison of these figures shows that the
recovery after injecticn is more than four times
s great as after oral administration of the drug,
The histomine loss in the faeces after orel
administretion has nol been measured, but this may
well be large, and account for scme of the difference,
However, it is certain that at least three-quarters
of the drug must be metaboclised by the anim&al
before final excretion in the urine, or else be
excreted by some other route, During the period o f
injection, no histemine was excreted in the
conjugated form, in contrast with the excretion of
Z.4% of the dose after oral administration, This
suggzests thal conjugation must occur in the
alimentary canal,

Estimation of the histamine excretion four-hourly
from two rats was performed for two days. The
values for the histamine excretion are shown in
¥ig, 4, together with the values for the urine
volumes and lhe concentration of histamine in the
urine, The histamine excretion is at ils maximum

just before midnight, and during the early hourd of
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the morning; it reaches its minimum about 12 hours
later, The excretion of histamine fluctuated
throughout the 24 hours in the same way as the
excretion of urine, The concentrations of histamine
varied relutively little throughout each 24 hour
pericd,

Half-hour excretion of histamine.

ihe urinary excretion of histamine per half-

hour period varied considerably between individual

rats, The highest values obtained were in the

region of 4 - 5 pg., and the lowest were about

0.4 - 0,5 pg. The histamine excretion varied little
in any individual rat during the first five or

six hours, Thereafter in some animels there was

& tendency for the excretion to diminish, This
decrease was more pronounced ig the animals which
initially had an excretion of more than 1.5 ug.
per half hour period, and generally it did not
occur at all in animals which excreted less, A
spontaneous increase in the histamine excretion
was never observed, Some fluctuatdon in the daily
excretion of histamine tended to occur., The
values for the histamine excretion in &a series of
successive experiments are shown in Tables 7 and 8,

The intraperitoneal injection of histamine

caused an immediate increase in the excretion of
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Tagle 7 .

The histamine excretion in one rat during a

water load on four successive deays,

Histamine

excretion is expressel in pg./half—hour period,

Water given at -1, -0,5, 0, 1, and 2 hours as
described in the text,

Day.

1,
24
Je
4.

0.5
1.4
1.8
1.7
I 4

1.0
1.2
: 0 |
2.6
0.8

Time in hours,
1.5 0.9 1.2
1.7 2.4 1,7
21 S P .
0,7 0.8 -

ean
1.3

~ 1.8

1.8
L,0
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Table 8,

kiean helf hour excretion of histamine from five

rats on four successive deys during & water load,
Histamine excretion is expressed in p&+/half hour
period and each value is the mean of six d<terminations
on each day,

1. 2. 3, 4, 5, | Meen,
1o 24 5.7 1.5 1.5 13 | 2.3
2 § 34 24 a4 2,2 18] 2.0
3.1 3.3 3.1 1.4 1.4 1.8 | 2.4
4. § 33 1,7 3.1 14 - 2.1
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histamine, which had returned to normal again an
Ihour and a half after injection, The experiment
wes performed on two rats, and the individual
values for the histamine exceetion from beth rats
are shown in Fig. 5. In 811 the other experiments
the degree of variation in the excretion between
individual animals was similar to this. Twenty
micrograms of histeamine were injected, and 1,47 pe -
of histamine in excess of normel, calculated from
the mean values of both animals, had been excreted
in an hour and & half, This corresponded to 7.4%
| of the dose administered. 7This experiment
demonstrated how rapidly histamine is absorbed
| after intraperitoneal injection, and how quickly
it appears in the urine, #11 the excess histamine
which was not metabolised in the body had been
excreted in one and a half hours, This dose of
histamine appeared to cause no discomfort or any
other pharmaecological effect,

Comparison of the histamine excretion in the
same animals in experimeﬁts in which the exceetion
was estimated during periods of 24 hours and at
half-hourly intervals is of interest, It enables
the influence of the urine volume on the histamine
excretion to be assessed,

The twenty four hour histamine excretion was
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determined in two reis for three days, The mean
excretion from the two animals was 101,6 pg./24
hour (+24.5 g,D.) . The mean volume of urine
passed during the same period was 26,1 ml, The
histamine excretion was determined from the same
rals at half-hourly intervals following a water
load, The experiment commenced at 0830 hours,
and was maintained for three hours; The wmean
excretion from the two animals was 1,66 pg./half

hour period, and the mean urine volume was 6.4 ml,/
half hour period. If this quantityof histamine

had been excreted throughout the 24 hours, the
daily excretion would have been 79.5 Pg./ 24 hr,
with a standard deviation of 13.9, and the urine
volume would have been 307.2 ml, There is no
significant difference between the daily histamine
excretion determined in these two ways, This
confirms the view that the urinary volume does

not influence the excretion of histamine (3).

Histemine concentration in the alimentary cansl,

The histamine concentrations in the walls &and
contents of the stomach, small and large intestines
were measured, (Teble 9). There was no significant
difference between the histauine concentratiohs
in the wells of the small and large intestines,

but the concentrations in the gastric walls were
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Table 9.,

1 The histamine content of the wall and contents
' of the alimentary cenal, Values expressed as

‘pé./g. tissue,

Stomach. Small intestine.| Large intestine, |
wall contents |wall contents |mall contents
48,2 1.7 22,6 6.2 21,1 0.8
38.6 ° 1.6 9.7 1.9 18.3 0.6
41.4 2.6 9.7 - 1342 0.5
50,5 243 12,8 345 23,2 0.4

Mean | 44.7 2.1 13.7 3.9 19.1 0.6
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significantly higher, 7The values for each part of
the canal were higher than thosc of other workers
(26, 40, 41,). The reason for this is unknown,
though the animals used in the experiments were
heavier than those used by the other investigators,
end in some cases of & diiferent sex (40, 41), The
values for the histamine content of the gastric an 4
small intestinal walls bear approximately the same
ratios to one another as was found by the other
workers, The ratio of the mean values of the
histamine content of the large intestine tc the
small was found to be approximately 4:6 (26), It
is not stated whether there was a significant
'difference between the values for the two parts of
the intestine,

The concentration in the contents cof the small
intestine was higher than that in the stomach; the
concentration in the contents of the large intestine
was least, These results, in spite of the small
number of experiments on which they are based,
suggest that there is some factor present in the
small intestine which increases the concentration
' of histamine within its lumen, and that considerablel
absorption of histamine occurs from the lumen of
_the large intestine, Although the gastiric wall

contains a high concentration of histumine, the
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lgastric contgnts contain less histamine than do the
contents of the small intestine, Thus it appears
unlikely that the higher concentration of histemine
in the lumen of the small intestine arises as a
result of the excretion of histamine from the

gostric wall into the lumen of the alimentary cenal.

SECTION 11, THE EFFECTS OF ANTIBIOTICS AND PHTHALXIL

gSULPHATHIﬂZOLE ON THE METABOLISM OF HISTAMINE, .

Various workers have shown that some bacterial
formation of histamine and its conjugate occurs in
the alimentary canal,(1l9, 20, 47), However, it is
not clear how iﬁportant the histamine produced in
the animel's alimentary cenal is in the animsal's
general metabolism of histamine, To infestigate
this point, and to test the conclusion that
histamine is produced in the alimentary canal by
intestinal bacteria, (19, 20,) drugs with potent
effects on the bacteria of the alimentary canal
were administered to the rats, and their urinary
histamine excretion was measured before, during
and after the administration of the drugs. The
effect of chloramphenicol was investigated most
fulliy, but the effects of aureomycin, penicillin

and phthalyl sulphathiazole were also observed,
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Extracts of the alimentary canal were also made in
order to determine what effect the chloramphenicol
hed on the concentration of histamine in its walls,

ihe dose of chloramphenicol used in all the

experiments but one, and also the doses of the other
antibiotics, corresponded on a weight basds with

the maximuim doses recommended for humen beings, The
doses used were all considerably below those

causing toxic effects in rats or mice. (17, 21, 27,

39, 48.).

The-effect of chloremphenicecl on the excretion of

free histamine, |
Chloramphenicol was sdministered twice daily by |

stomach tube in & dose of 16 mg,, suspended in 1 ml.

water. The mean reduction in the urinary excretion

of histamine, which it caused in three rats, is

shown in Fig, 6, The individual values for the

histamine excretion from the ratsare also shown,

The degree of variation between the snimals was

similar in all the other experiments; the changes

in the excretion always occurred at the same time

in the different animals, and changed in the same

direction, The histamine excretion began to

diminish on the second day, and reached its minimum

on the third day after -administration had started,

After this, in spite of continued administration of
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chloramphenicol, the histamine excretion gradually
.raturned to normal, and had almost reached its
original level on the ninth day of administration,

In 81l the other experiments in which chloramphenicol

weas used, administration was continued for four days

or less, It was always confirmed that the excretion
of histamine remained low during the first three
days, and begen to increase on the fourth day.

The period required fot the histamine excretion to
return to normal, after the administration of
chlorawphenicol had been stopped, was determined fo r
two different doses of the drug. Doses of 48 and 16
mg, suspended in 1 ml, water were given twice daily
by stomach tube., Their effects are shown in Fig, 7.
There is no significant difference in the effects of
these two doses during the three days of minimum
histamine excretion, In both experiments the
values for histamine excretion following the
administration of the drug gradually increased, and
finally considerably exceed the control values, This
effect was more proncunced in the rais receiving the
larger dose,

Determination of the histamine exeretion at
intervals of four hours showed that the effécta of
chloremphenicol on the excretion asppeared twelve

hours ufter the first dose had been given., The
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Effects on the urinary excretion of histamine
following the administration of different doses of
chloramphenicol, Chloramphenicol was given at the

times shown by the arrows,
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effect became wmore pronocunced, until adwministration
‘was stopped after the fourth dose, The results of
‘& typical experiment in which two rats were used
are shown in rig,., 8, in which the histamine
concentrations in the urine are also shown,

The decrease in histamine excretion appeared
about twelve hours after the first administration
of chloramphenicol; the night meximum was diminished
end the minimum values for the second day were both
diminished, The histemine excretion reached its
previous normel value 48 hours after the last
édministration of chloramphenicol, The changes in
histamine excretion were largely due to alterations
'in the concentration of histamine in the urine,
During and following the administration of
chloramphenicol, the daily cycle of histamine
excretion retained its normal form, though at a

‘lower:. level than normal,

ﬁa}e ol passage of contents through the gasiro-

intestinal tiract.

To determine the rate of transit of the contents
of the alimentary canal, powdered charcoal suspended
;in 1 ml, water was given to two rals by stomasch tube
at the time whén the morning dose of chlorawphenicol
was normally given, Eight hours later charcoal wes

found irregularly scattered through the whole length
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- of the Jjejunum, and thickly concentrated in the
ileum and caecum, Charcoal was found in formed

| stools in the lower pert of the descending colon,
but wes abseny from stools in the rectunm.
Chloramphenicol, therefore, could have proceeded
along the alimentary tract at least as far as the
descending colon by the time that an effect on the
excretion of histamine in the urine was menifest,
Any chloramphenicol which had not been absorbed
would thus have exerted its effect on the organisms
of the small intestine, and wcoculd have started to
affect the bacteria of the large intestine by this
time,

THe effect of chlorampheniccl on the excretion of

congjugated histamine,

The low control values for the excretion of
conjugated histamine made it difficult to measure
any changes imposed by the administraetion of
chloramphenicol, In order to increase the excretion
of conjugated histamine and so more easily to
observe any changes in its excretion, histamine
was given orally to the rats for eleven days, end
from the fifth tb the eighth days chloramphenicol
in a dose of 48 mg, twice daily was aiso
administered by stomach tube., During the four day

control period before the administration of
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chloramphenicol, the daily histamine excretion
increased continucusly, The excretion diminished
rapidly after the chloramphenicol administrution
was sturted, and the lowest value which it reached
was 40% of the wean control value, The increase in
the excretion of histamine was averted, and it
reappeared only after the chloramphenicol was stopped,
(Fig.9.). The time relstions of the reduction in
'the excretion of conjugated histamine were similar
to those produced on the excretion of free histamine
‘when the same dose of chloramphenicol was Ziven
alone, The reduction in the excretion of both forms
of histemine was approximately the same with the
seme dose of chloramphenicol,

The effects of other drugs cn the excretion of free

histamine,

Penicillin, aureomycin and phthalyl sulphathiszole
all diminished the urinary excretion of free histamine
in the same way as chloramphenicol, All except
penicillin were given twice deily; penicillin was
given once daily in the amorning., The drugs were
suspended in 1 ml, fluid, and were given by stomech
tuve, They were given in the feollowing doses:-

chloramphenicol s..eseesssee 16 mg,
aureomycin cesssssassesecan 10Mg.
phthalyl sulphathiszole .,... 125 mg,

penicillin ... .cisecee0eeelD,000 units daily,
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Fiz. 9.
Effect of chlorwmphenicol on excretion of conjugated histamine in urine,
During the experiment 10 mg, histamine was given by stomach tube &t the
beginning of each collection period, Chloramphenicol wus given in doses
of 48 mg. a«t times shown by the arrows,
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During the four days of the administrution of
the drugs, there were no significant differences
between the histamine excreted b y the different
groups of rets, The minimum value which has ever
been obtained was with chloramphenicol on day 3,
when the excretion was 45% of normal, Following the

return of the excretion to normal, it rosec

| considerably above the normel level in each group

of rats, it then returned towards the conirol
value, which it began to approach eight days after
the administration had ceas-d. ( Fig. 10,). The
increase in the excretion for all the drugs together
during the two days at which it was at its maximdm
was significantly different from the control values.

The effect of chlorsmphenicol on the tissue content

of histamine,

The histamine concentration in the wall of the

.aiimentary canal was estimated in four normal rats,

and in four rats after the administration of
chloramphenicol for three days. Each rat  received
16 mg. of & suspension of chloramphenicol twice
daily, and the animel was killed on the morning of
the fourth day., Chloramphenicol had no significant

effect on the concentration of histamine in the

walls of the stomach or large intestine, but it

reduced the mean concentration in the wall of the
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Fig. 10.

Effects ol sureomycin, chloramphenicol, penicillin and phthalyl
sulphathiazole on the excretion of histamine in the urine, For
doses see text, The drugs were given twice daily by stomach tube
et the times shown by the arrows, renicillin wus given only at the
times shown by the longer arrows, Values shoving effect of phthalyl
sulphathiazole were obtained from two rats; all other values were
obtained from three rats,
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| small intestine by more then 50%. (Table 10),

METABOLISM QF HISTAMINE,

Adrenaline had a much more transient effect on
the urinary excretion of histamine than had any of

the other drugs previouslyddescribed, 1Its effectl
was more similar to that of the histamine liberaters

The effects of adrenaline and the histamine
liberators were observed by measuring the excretion
of histamine half-hourly.

The intraperitoneal injection of adrenaline
caused an increase in the excretion of histamine
which began & half te one hour after the injection,
gradually increased, reached & plateau, and then
diminished again, A small response was produced
with 37 pg./kg., and & response which lasted for
Bbout seven hours occurred with a dose of 370 pg;/
kg. (Fig. 11).

The rats which received doées of 37 pg./kg.
often developed haematuria, and the urine volume
was always reduced for an hour following the
injection, They became restless, began to twitch,

the skin felt cold, and their respiration increased,

These signs had generally disappeared 4 - 5 hours
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Table 10,
The histamine content of the walls of the
alimentary canal ofcontrol rats and chloramphenicol

treated rats, The treated rats received 16 mg.
chloramphenicol twice daily by stomach tube for three days
days preceding death, Values expressed in pg./g.

fresh tissue, |

Control rats Chloremphenicol
treated rats

stomach intestine stomach intestine
small large smell large
48,2 22,6 21.7 43.5 643 14 .2
38.6 9.7 18,3 63.4 6.0 16,5
41.4 97 13.2 43,7 4,0 15,7
2042 12.8 23.2 44 .1 4,0 13.4
Mean 44,7 13,6 19,1 48,7 o 3 § 14.9
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Effects of different doscs of adrenaline on the
excretion of histamine in the urine, Adrenaline
given by intraperitoneal injection at the time shown
by the arrow, Numbers of rats used in euch

experiment shown in the figure,
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after the injection, With larger doses these
effects became more severe, Increased excretion of
histamine occurred in four of the six rats which

received 37 pg./kg., adrenaline. With the larger

- doses, increased excretion of histamine always

- occurred, though the size of the increase did not

. appear to depend entirely on the dose of adrenaline,

- but seemed to fluctuate considerzbly belwesen

| individual rats, %he largest dose of adrenaline

' which was investigated, 370 pg./kg., only caused

' an increase in the excretion of histamine up to

190% of normel five hours after injection with the

fadrenaline. The responses resembled those caused

;by the alkylamines, described in section 1V, but

- the response to the largest dose of adrenaline

was less than that produced by 100 pg./kg. of
octylamine, which reached 257% of normal five and
& half hours after injection,

During the first hour after the injection, an
increase in the urinary excretion cof histamine
occurred, although the volume of urine wes
diminished, This is shown in Fig. 12, Thereafter
the urine output remained fairly constant, and the
urinary coencentration of histamine remuined high,

Thus the increase in the excretion of histawuine

was due to an increase in the concentration of
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ure expressed as percentages of the mean control

values,
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histamine in the urine, which lasted for about six
hours,
In these experiments, high doses of adremaline
were used, which caused toxic effects in the rats,
It is thus probable that the results of the

injection of adrenaline on the excretion of

' histamine which were observed in the present

experiments are not entirely comparable with the

| action of edrenaline in the normal animel under

physiological conditions, However, it was cbvious
that adrenaline did influence the metabolism of
histamine and that its effects could be compared
with those of the histawmine liberators descrioped
in section 1V,

The doses of adrenaline which were used were
comparable with those used in the investigation
of the histamine liberators, although with the
Libérators no toxic effects were observed which

could ove attributed to the action of these drugs,

It is possible that the histamine liberating actions

of adrensline were due to its toxic actions, and

so comparisons between adrenaline and the histamine '

liberators must be made with caution, It is
obvious that, used in these doses, adrenuline was

& histamine liberator which produced its effects

after a short délay and caused an increased
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excretion of histamine which continued over a
period of several hours, 7The increased excretion
produced by the largest dose was not, however,
wreat, and began to diminish again six hours after
the injection of the adrenaline, Thus adrenaline,
although it may resemble octylamine in the course
and time relations of the histamine release which
it ceused, did not appear to be sc efficient a

liberator of histamine,

SECTION 1V, THE ErFECIS OF HISTAMINE LIBERATORS

O THe METABOLISWK OF HISTAMINE,

The injection of & histamine liberator into the
cat causes the release of histeamine within a few
seconds of injection.(28), It was thought that
the collection of rats' urine for <4 hours would
demonstrate whether a drug did actually liverate
histamine, but it would give very little idea of
the time when it was most effective, For this
reason the method of giving the rats a water load
and making urine collections every half hour was

adopted, In practise the method has worked very

well, but it has the disadvantage that the liberator

itself may also be excreted in the urine and

interfere with tne assay of histaumine,
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The minimum dose of propamidine isethionate
which causes a detectable release of histamine
is reported’to be 0,3 mg./kg. (28)., This dose
wese therefore injected, and subsequently the
effects of other doses, both greater and smeller,
were observed, Following the subcutanecus

injection of propamidine isethionate into guinea i

pigs,about 60% of the drug is excreted En six
hours(13). On the assumbtion that & similar
excretion of the drug occurs in rats following an
intaperitoneal injection, coﬁcentrations of the
drug were made up in Tyréde's solution,
co#fe5ponding to the estimated concentration in
the urine in six hours, %he doses were made up as

shown in Table 11. The drug was tested in the |

2 ml, bath as described above, at these concentrations

end & slightly antagonistic éffectiwas observed
at & concentration of 9,5 x 107’, As the
concentration of the drug was increased, so the
antagonistic effect alsc increased, unt;l at a
concentration of 1.5 x 10™°, the drug reduced
the effect of the hiétamine standard by more than
a quarter (Figs., 13 and 14).

Propamidiné hes been shown to act @s & histamine |

antagoriist on the guinea pig's ileum in dilutions
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Teble 11.

' The effect of the celculated urinary excretion of

propamidine on the sensitivity of the guinea pig

ileum to histamine.

0.06

‘Dose of Calculated conc.
' Rropamidine in urine
ngo/kg. mg,/ml,
10,0 0.30
5.0 0.15
1.2 0.08
0.6 0,019
0,15 0,0095

0,0047

Conc _in Tyrode

Size of contraction

solution in bath. 1o _histamine standard

1:50 x 10
7.50 x 10
4,0 x 10
9,5 x 110
4,8 x 10
2.4 x 10

-5

-6
-7

Normel s 100,
71
8L
91
96
100
100
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P W

Fig, 15,

Inhibition of the response of guinea pig ileum to
histamine produced by propamidine isethionate,
h : addition of v,10 ml, of & solution containing

pg./ml, histamine standard to the 2 ml, bath,

P

O.
p : addition of 0,10 ml, of & solution of
propamidine isethionate to give & concentration of

q A=t i 5
4 X 10 in the bath,
After the second contragtion propamidine was

gdded and remeined in -the bath until it was washed

out at w,
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¥iz, 14.

Inhibition of the response of guinea pig ileum

L

3 2

to histamine produced by propasmidine isethionate.

h § e&addition of 0,10 ml, of & solution
containing U.,2 ]_.z_._,;./:-'.l. of histamine standard to the
2 ml, bath,

p : addition of 0,1V ml, of & sclution of
propamidine to give & concentration of 7,5 x 10
in the bath,

after the second contraction propamidine was
added to the bath and remmsinedthere until it was

washed out at w,
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of 10~ % or less (28)., No comments were made about
‘any difficulties in the assays due to the effects
of propemidine, However, in these experiments the
plasma itself was assayed for histamine, and it is
probable thatl the concentration of propamidine in
the plasma after its injection intravenously into
the cat would not be suuficient to interfere with

the assay on the guinea pig's ileum,

Doses of 0,06, 0.15, 0,30, 0,60, 1.26; 5.0, and
10,0 mg./kg. of propemidine isethionate were
injected into rats which had received & water load,
No signs attributable to the release of histamine
were observed in the rats, but in all the animals
‘except those receiving 0,6 mg./kg. or less, there
was some reduction in urine volume during the hour

‘following the injection, Heematuria developed in

those receiving 10 mg./kg. The experiuental results

are shown in Figs, 15 and 16, A considerable
release of histamine was caused by 0.6 mg./kg. and

doses less than this, With doses greatér than

0.6 mg./kg. the apparent éxdretion of histamine
diminished as the dose weas increased, until at

10 mg./kg., it was not increased at all, tt wﬁs, in
fact, slightly less than normal, This effect wes
lattributed to the histamine antazonism of the

excreted propamidine in the assay. This conclusion
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kffects of different doses of propamidine on the

urinary excretion of histamine, Intraperitoneal
injection of propamidine at the time shown by the

arrow,

srratum : The maximum value produced by & dose
of oU0 pg./kg. should read 22o% of normal and not
190% of normal,



15

220

—o—o— 0,6 mg/ka.
X--x-- |,2 ms/kg.

200 e O ma/ks.
180+
1 604

Histamine excretion % of normal

o)
[ S
w
+=-

Fig, 16,
Effects of diiferent doses of propamidine on
the urinary excretion of histamine, Intraperitomeal

injection of propamidine at the time shown by the

| 8Trow,
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was supported by the fact that the antagonistic
effect of the propamidine became gresater as the
dose was increased, and that at doses below 0,6 mg,.
/kg., the histamine excretion did not fall
significantly below normal, At these doses the
propamidine concentration in the urine probably
caused little histeamine antagonisi during the
assay .

The increased exctetion of histamine produced
by the injection of propamidine closely resembled
that produced by the injection of histumine itself,
The immediste and transient rise of the histamine
excretion in both cases is very similer, aad
sugzests that the histamine produced by propamidine
is as rapidly availeble for excretion in the urine
as when histamine itself is injected intraperiton-
eally.,

The effect of compound_ 48/80,

Compound 48/80 produced &n immediate release of
histamine in the urine. (Fig. 17). The excretion
rapidly returned to its normal value after the
injection of the liberator, and the type of
response closely resembled that produced by the
intraperitoneal injection of histamine, Doses of
compound 48/80 of 15 and 5 pg./kg. did not

- produce any effect on the histemine exeretion,
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kEffects of intraperitoneal injection of different
doses of compound 48/8v on the excretion of histamine
in the urine, .njection mad at the time shown by

the arrow,
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Larger doses produced increased excretion of

histamine, but increase of the dose caused no change

in the duration of the response as shown by this

method, The appearance of & slow-contracting

substance in cat's plasma cne or two

minutes after

the injection of 48/80 hus been reported., (36).

No effects attributable to the presence of such a

substance in rats' urine were ever o

bserved, It

has been reported that oedeme and other effects in

rats were produced by intreperitoneal injection of

5 mg./kg. of 48/80, (6), but no signs attributeble

to the release of histamine were seen in the

present experiments,
The effect_of the n-zlkylamines.

Octylamine caused the liberation

of histamine

into the urine with doses similar to those used

with compound 48/80, namely, 20, 56 and 100 ug./kg.

The time relations and course of the response of

octylamine however, differed considerably from

those produced by 48/80, propamidine

and histamine

itself. No response at all was obtained with a

dose: of 10 Pg./kg. qgith doses of
and 50 Pé'/k5° there was a delay of

before the response began Lo appear,

20 pg./kg.

heltf an hour

The excretion |

 then incressed and remained hi.h for three hours

before it began to diminish egain,

A dose of



19.

100 pg./kg. caused a gradually increasing excretion
of histamine and, five and & half hours after the
injection, the excretion was more than twice its
normal velue and still increasing., (Fig. 18). As
in the case of compound 48/80, no signs were
observed in the rats attributeble to the release

of histamine, even with the largesi dose at the

end of the experiment,

Decylamine was found to be less active in this
test than octylamine, Doses of 20 and 100 pg./kg.
caused no increase in the excretion of histamine,
(Fig. 19). A dose of 500 pg./kg. elicited a small
but d.finite response; the excretion reached 130%
of normel before returning to its normel value
two and a half hours after the injection of the
drug, The response to decylamine resembled that to
octylamine in that the excretion was maintained at
an increased level for one and a half hours before
it began to fall, This high level of excretion
was meintained or gradually increased with both
decylamine end octylamine, As a result of this,
the effect produced by these drugs on the excretion
of histamine can be differentiated from the effects
produced by propamidine, compound 48/80, and the
~injection of histamine base itself, which all

cause an immediate rise and fall in the excretion
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Effects of different doses of octylamine on the

excretion of histamine in the urine, Octylamine
given by intraperitoneal injection &t the point

(marked by the arrow,
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of histamine,

A_comparison of these effects,

*n spite of the variability observed in the half-
hourly histamine excretion between different rats,
& comparison can be made between the histumine
releasing activity of the different liberators, It
is assumed that all the histamine excreted
following the injection of the liberator in excess
of the mean control value is released by the
liberator, This quantity was found to bear some
relationship to the normal ;evel of urinary
histamine excretion, This observation was to be
expectedin view of the results reported by Emmelin
(10)., 4As & result, the guantity of histamine
excreted in excess of the wean control value has
been expressed as a percentage of this value, The
guantities of histamine excreted and the periods
over which the excretion occurred for each of

the liberators are shown on Table 12,



83,

Table 12.

IABLE 12

Urinary excretlion of histamine caused by different histamine~liberators
compared with that caused by injection of histamine.

M.C. = mean control value.

Liberator Dose Period prior to Total period of M.C. Total Histamine Histamine release
Nge/Kge maximur: release = release - hours pe«/30 min, excretion in in excess of M.C.
- hours ; period excess of M.C. as % of M.C,
: ng.
Histamine 130 03 1 0.68 1.47 é 216
Propamidine 60 0u5 1 1.39 0.57 | a1
150 05 0.5 1,53 0.88 : 5
600 0.5 1.5 1.80 3.60 200
46/80 20 0.5 1.5 1.47 2,12 144
50 0.5 1.5 1.99 3.50 176
100 .5 1 2.21 2,79 126
Octylamine 20 1.0 4,0+ 0.65 1+33 % 204
50 1.5 5.0+ 1,24 5.55 448
;': 100 Je5 5e5+ 0.37 3.62 § 978
Decylamine ; 500 1.0 2.5 2.70 2.62 i 97
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DISCUSSIUN,
thoughout these investigations, estimations

of the urinary excretion of histamine, supplemented |
by measurements of the concentration of histamine i
in the alimentary canal, have been used as &

method of observing chenges in the metabolism of |
histamine, This methed has the advantage that
it is simple to perform, appears to portray
accurately changes in the metabolism of histémine |
in the normel animel under physiological conditions, |

and can yield information ebout the way in which

different agents influence the metabolism of
histemine, From the observations made in this
way and the conclusions drawn from them, some

| points regarding the origin, the metasbolic path
and the factors which influence it in the normal
animal under physiological conditions, emerge,

The wethod used for the estimation of urinary
histamine is rapid and eesy to perform, It has
been shown that the active suvstance in the urine
which waes being assayed wes histamine, The:
problem of how to extract histamine from the
urine so that it can be accurately estimated hsas
been investigated, (3, 38. ). The method suggzested
by Roberis and Adaem ( 38.) has been most successful,

but it suffers from the disadvantage that 100%
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extraction of the histamine is not possible, Also

the process of elution with ammoniated chloroform

. end the subsequent evaporation of the eluate are

' time consuming, In the smell number of experiments

which have been performed, it appears that the use

| of columns of 1,R,C, 50 for the histamine extraction

' has several advantages over the method described

by Roberts and Adam, in which columns of Dscalso

were.useéd, The greatest advantage is that an

| elmost complete recovery of histamine is obtained,

The method is simple to apply, and can be performed

| more than twice as quickly as the Decalso method,

Comparisons of the values for the active substance

| after extraction on 1.,R.C, 50 and after direct

assay of the urine together with the other tests,
Justified the method of assaying the urine
directly for histamine,

The methed of collecting urine over 24 hour
periods is & standard biological procedure,
Administration of a water load and collection of

the urine half-hourly with subsequent measurement

| of the urinary histamine excretion, provided =

useful method of measuring rapid and transient

| changes in the excretion of histamine, The

 histamine excretiog could be measured sufficiently

' accurately and was sufficiently constant under
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normal conditions to enable small changes to be

measured in response to the administration of

| drugs, With all the drugs used, except adrenaline,

the doses could be so adjusted that changes in the
excretion of histamine could be measured without
the drug appecrimg in the urine in sufficient
concentrations to interfere with the assay of
histamine, By making use of the stability of
histamine relative to that of adrenaline, the
interference with the assay caused by the excretion
of adrenaline in the urine could be eliminated,

By the use of these experimental procedures a

method of investigating the metabolism of histamine

in the normal animel has been evolved, The

administration of the antibiotics and phthalyl

' sulphathiazole, the histamine liberators and the

alkylamines provided methods of influencing the
metabolism, which enabled conclusions to be drawn
about the metabolism of histamine, It appears

that the administration of these drugs, particularly
the antibiotices, mey provide a new tocl for the
investigation of the metabolism &f histamine in

the rat,

There is & considerable body of evidence to

show thet the urinary excretion of histamine reflects

changes in the level of histamine in the tissues of
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the rat, Anrep et 2l1.(3) could find no relation
between the amount of histamine injected in the
' dog, and the guantity excreted in the urine,
However, they used doses of histamine which were
associated with anuria, and they concluded that
the excretion of free histamine was related to the
period of anuria which followed the injecticn, They
suggested that more histamine woas excreted in
those aniuwels in wnich the suppression of urine
flow was short, _The albino rat was used in the
present experiments as the experimental enimel
becuuse it is relatively resistent to the effects
of histamine compared with meny other animels, (33) .
These workers have also shown that & large
percentage of the histamine administere@ to rats
by parenteral injection is excreted in the urine
unchanged, They suggest that this indicates that
their tolerance for histemine is not based upon
its conjugation or destruction, Emmelin (10) has
shown that injected histaminiﬁ/ disappears very
quickly from the plesma, and enters the tissues
in the cat, His experimenis show that removal of
the kidneys and other abdominal viscera, excluding
the liver, considerably reduced the rate and
completeness of removal of histamine from the

plesma, The observation confirms the suggestion
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(5) that the kidneys and the intestinal mucose
are of importance in the inactivetion of histamine,
Emmelin (10-) further showed that the kidney
removed large amounts of histemine from the blood
passing through it, %amples of urine collected
from the ureter whilst histamine was being infused
into the renal artery showed that doses of histaminé
large enough to cause a fall of blood pressure in |
the cat also caused the excretion of histamine i
in the urine, Smell doses of histamine did not ’

cause & detectable excretion of histaine, but |
when a threshold dose had been reached, increasing i
the dose of histamine which was being injected
into the artery caused excretion of histamine in
the urine, |
Several of these observations have been
confirmed in the present experiments, It was
found, in support of other observations, (3), thst,
provided the flow of urine was adequate, the {
excretion of histamine was uninfluenced by the
volume of urine passed, The rapid elimination
of histamine following its intraperitonesal
injection shows that when histamine is present in
the tissues in a form which can be excreted in |

the urine, it is repidly excreted in this fashion.

It appears that the quantity of histamine in the
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tissues influences the proportion that is excreted

in the urine, Recovery of 23% of & dose of

administered histamine was obtained in 24 hours

from rats which hed received 40 mg./kg. of

histamine by subcutaneous injection, but a

recovery of only 7.4% wes obteained in rats which

' had received 0,02 mg./kg., by intraperitoneal

Iinjection. These observations are consistent

i with those of Emmclim (10} end show thet in the rat
the urinary excretion of histamine is dependent

l upon the concentration of histamine 15 the body,
provided that this histamine is in a form which

' cun be excreted, and is present in the blood in =
concentration great enough tc be excreted by the

' kidney. Since in these experiments there was
little variation in the output of urine, and no

' anuria occurred, it wes considered Jjustifieble to
accept the quentity of histamine excreted in the
urine: &s a measure of the change in the metabolism
of histamine, <he exception to this% was in the
case of adrenaline, and in view of the abnormal

effects which this drug had on the whole condition
of the animals, as gell us on their secretion of

'urine, the results of these eXperiments must be

|
considered with caution,

The twenty-four hour excretionof histamine
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remained fairly constant from day to day, %the
- half-hourly excretion of histamine &alsc remained
fairly constent from day to day in ihe same rats,
 Analysis of the excretion of histemine throughout
. the day, however, showed that there was considerable
fluctuatdon, The excretion tended to vary in
| relation to the activity of the rats, being
| greatest at night, and least when they were asleep
during the day, However, the urinary concentratration
| remained fairly steady. This provides further
' evidence that, provided that the excretion of
 histewine is measured over periods during which
' it is not influenced by the diurnul.rhythm, such as
24 hour or half-hour periocds, the excretion of
histamine can be taken as & reflection of the
factors influencing its metubolism in the body,.
The experiments with the antibiotics and

| phthalyl sulphathiazole make it clear that a
 number of drugs differing widely from each other
' in chemical structure, but having in common the

fauct that they reduce the intestinali flora, diminish
the urinary excretion of Irée histawine in the rat,
|
?One of them, chloramphenicol, has &alsc been shown
|to affect the excretion of conjugated histamine
iin a similar way, The obscrved effect of the

antibiotics might be produced by their interference
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'with the normal metsbolism of histemine in the

:tissues of the rats, or by their action on the

histamine-producing organisms in the lumen of- the
|
alimentary cansal,

idhe antibiotics have no known effect on tissue

metabolism in the dosages used in these experiments,

;The doses were smell and corresponded approximately

to the doses recommended for use in humen beings
for treatment of infections of the alimentary canal.
IThe fact that the 24 hour cycle of the excretion of
histemine wes maintained, even when the administration
:of chloramphenicol produced a fall in the 24 hour
‘excretion of histamine, suggests that the .
chloramphenicol did not interfere with the renal
imechanism for excreting histamine, In incubation
Iexperiments on minced reboit's kidney, aureomycin,
chloramphenicol, and phthalyl sulphethiazole did
not influence the megabolic activity- of histidine
&ecarboxylase. (49). The doses at which toxic
effects are reported to occur when the antibiotics
ure given by parenteresl injectiion are much larger
than the dosc:s used in these experiments, For

these reasons it is considered unlikely that the
observed effects on the urinary excretion of

histamine produced by the antibiotics were caused by

eny effects on the metubolism of the tissues of the
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rats,

fhe explanation of the observed effects in
relation to changes in the bacterial flora remeins,
It is known that the intestinal flora include
organisms which are capable of producing the free
and conjugated forms of histamine., (23, 24, 47.)

it seems possible that the effect of the drugs

administered in the present experiments on such
flora might account for the observed changes in
the urinary histamine excretion, That antibiotics
and sulphoneamides do, in fact, influence the flora
of the alimentery canal is well known, Thus
peniciliin, (18), aureomycin (37), and phthalyl
sulphathiczole (14, 32), have been shown to reduce
the counts and influence ithe types of bacteria
present in the élimentary canal of rats, Similer
observetions have been made in men (31), There is
little direct evidence that the organisms affected
are, in fact, those réZonsible for histumine
production, but it has been shown (31) that the
administration of wureomycin does not totally
eliminate the orgenisms from the stools, but
considerably reduces the numbers of coliforums,

yeasts and anserobes, amongst which there are

histamine-forming bacillé, (19, 20). The drugs

exert pronounced effects in the distal part of
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the smell intestine, whence it has been shown that
absorption of histamine occurs principally in the
dog (30). It has alsc been shown that histamine is

continucusly released under normal conditions into

the blocd pessing frow the intestinal tract into

the portal vein, (4).

The time relationships of ithe effects of these

| drugs on the intestinal flora are closely correlated

with the times st which the histamine excretion

| showed fluctuations, During eight days of

administration of aureomycin, the bacterial count
diminished during the first four days, and on the
seventh and eighth deys a marked increase in
coliforms occurred in conjunction with a decrease
in the sensitivity of the organisms to aureomycin,
(31)., Furthermore, it was shown that if
administration was stopped for two or three days,
when the count had fallen considersbly, the count
reverted to its original level, and by the third
post-administrative dey it might rise tc seven
time the pre-administrative level, A similar
relationship between the reduction in the nuwmber
of micro-organisms and the time when these
reductions take pluce, occurs after the
administration of chloramphenicol, Counts have

been made.of E, Coli grown from smears of the stools
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of children who were receiving chloramphenicol
orelly (16). The figures have been transformed
into percentages of the control growth of E, Coli
before administration of the drug, and compared
with the reduction of the urinary excretion of
histamine in rats in Fig, 20, The time relaticns
between the two effects are remurkably similar,
but it can be seen that & dose of chloramphenicol
greater than that required to reduce the numbers
of orgenisms to zero, only reduced the excretion to
about 50% of normal, A reduction in the number of
EL.Coli on the third day after the oral administration
of phthalyl sulphathiazole had been started hes
been observed, (14)., In spite of continued
administration of the drug, the number of E, Coli
gradually begen to increase after eleven days, and
in four weeks the count had returned toc normal,
qQuantitative changes also occur in the bacterial
flora of the intestines and caeca of rats while
they are receiving penicillin in their diets. (18).
‘During the first fortnight the anserobes diminish
while the coliforms increase,

The experiments with charcoal suggest the drug
could have reached the pelvic colon two hours
‘before the carliest reduction in the excretion of

histamine was observed, Histamine is rapidly
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absorbed from the alimentary canal and excreted in
the urine in mice, (2). . Thus it is clear that

the drugs must have been present and exerting their

effects on the flora of the lower part of the ileum,

whence histamine is most readily absorbed, for at
least two hours by the time that any effect had
been observed in the urinary histumine excretion,
It has been shown in the case of aureomycin that
it is excreted in the bile within two hours of
intravencus injection, (50). A high concentration
would therefore rapidly be attained in the lumen
of the lower intestine even if &all the drug which
had been adm.anistered orally was absorbed in the
stomach and duodenum, %The doses of the drugs
which were used were approximately the same, weight
for weight, as the maximam effective doses used in
humen beings, For this reason, the smaller dose
of chloramphenicol probably had & maximal effect
on the bacterial flora of the aliwentary ceansl,
Increasing the dose would not be expected to have

s
any greater effect. Increging the dose, however,

might result in & more pronounced effect on the
surviving bacteria after administration had stopped,

Provided that each of the antibiotics affected the

| _histamine-producing orgunisms, it would be expected

that the effects on the urinary excretion of
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‘histamine would be the sezme with each of them, It
is suggested that the diminished concentration of i

histamine in the wall of the small intestine

following the administratione of chloramphenicel

was due to a decreese in the production of histamine |
|

by the surviving bacteria in the intestine, with |

consequent diminished ebsorption frow the lumen of !
the canal, Administration of the antibiotics |
reduced the urinury excretion of histamine to a i
minimum figure of 50% of normal, €%This reducticn
also, it is suggested, is & result of diminished
absorption of histamine from the luwen of the
intestinal canal, with consequent reduction in the
excretion of histamine in the urine,

The increase in the excretion of conjugeated
histemine which was observed after the oral
administration of histamine acid phosphate, together
with the absence of any change after its parenteral
asduinistretion in the present experiments, supports
‘& similar observation in experiménts in men (1), :
and makes it probuble that the formation of the
conjugate is associuted with the presence of free
histamine in the alimentary canal, The fact that
the oral administration of chlorazwphenicol decreased
~the excretion oi conjusated his@gming_supported

this conclusion very stroungly, 1t has been suggestel



o8,

that the conjugation of histamine occurs in the
intestinal lumen as a result of the acpivity of the
| intestinal bacteria, and is then absorbed through |
the wall and ultimately excreted in the urine in
the conjugated form (47), Conjugation does nct
occur in the kidney of the cet (10), but it has
been concluded as a result of observations on the
pigeon liver in vitro, that conjugation occurs in
this orgen (33), The present experiments do not |
exclude this pos%ibility, but they stirongly

support the suggestion thutlconjugation occurs in
the intestinal lumen ss a result of the activity

of the micro-organisms, and muke it clear that this
function occurs under ordinary conditions in the
'normel animal,

fhese obsersations therefore sug.,est  that

'about 50% of the free histumine excreted in rats!
urine is formed as & result of bacterial activity
within the lumen of the intestine, and that a
similar proportion of the conjugated histamine '

is absorbed from the lumen c¢f the intestine into

the wall, whence it ultimstely passes intc the urine,

dhey do not exclude the possibility of the formetion i

of histamine or its conjusate within the tissues of
S |
the rats, It has been shown that the injection of

histadine in guinea pigs results in an increase in |
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the excretion of histamine in the urine, (22, 42).
Thus it may be concluded thut the urinary histamine
erises as a result of the animal's swn metabolic
activity as well &as ffﬁm bacterial activity in its
intestine,

If the diet of dogs is changed from one of
carbohydrate to one of meat, there is an increase
in the urinary excretion of histamine, This
increase cannot wholly be accounted for by the
histamine contuined in the meat, (3)., However,
changing the diet in the dog from one consisting
of & bulanced ratio of carbohydrate, fat und
protein, to one high in protein and containing no
carbonydrate, causes considerable qualitative
and quantitative changes in the bacterial flora
of the'inteétiﬂé. (46). It is suggested that the
change in the bacterial medium of the alimentary
canal occasioned by the change of diet, might
stimulute the histemine-producing power of the
bacterial population of the intestine, This
suggestion is supported by the fact that a chunge
in the excretion of histamine did not begin to
occur until eight hours after the administration

of the meat, and reached & maxXimum in fourteen

“hours, These changes in the excretion occurred

atl the same times as the changes in the excretion
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cf histamine by the rats following administration
of the drugs; that is, the meal produced & maximum
excretion in the dog ut the same time that the
excretion reached its minimum in the rut after the
administration of drugs. The incfeased bacterisal
formation of histamine after administration of the
meat may explain the origin of the increase 1in
the urinary excretion of histamine for which there
was previocusly no explanation,

The present ex;eriments_sugdest that histamine

was absorbed through the intestinal wall in both

the free and conjugated forms in animels which

were entirely normal apart from the fact that the
bucterial production of histamine in the intestinal
lumen had been reduced, Thus it is concluded

that abscorption of histamine normally occurs
througn the intestinal wall in the rat, wheﬁ
conditions are such that histamine metabolism in
the alimentary cenal is norwel or is returning
towards the normal state, These findings

therefore sug.est that the result of the alimentary
canal is to increase the quentity of histamine

in the body. This might seem incompatible with
the conclusion that histamine is excreted into

" the alimentary cenal, (43). This conclusion was

based on experiments in which compound 48/80 was



101,

- injected: into anaesthetised cats, Ireely
diffusible histemine under these conditions was
presumably present in sbnormally hizh concentrations |
in the intestinal mucosa, The experiments recorded
above involved comparatively little interference
with the snimal, and are thought to portray .
histamine metebolism under normal conditions, These
experiments do not exclude the possibility that
histamine may be excreted through the gastric wall, i
later to be absorbed in the intestine, or that ‘
| histamine mey be inactivated in the intestinal wall, |

(10), . Nor do they exclude the possibility that i

-

some excretion may occur through the intestinal
wall whent the concentration of histemine in the
tissues is high.

adrenaline ceused & delsyed release of histamine,
which continued for five hours or longer after ‘
injection with the larger doses, The maxXimunm

increase in the excreticn was 1904 of normel, with

-

a dose of 370 pg./kg., & small effect when compared i
with the other releasers, There was a delay of a i
half to one hour before any response became apparent;
thereafter, the course of the rclease resembled

that due to octylamine, The injection of adrenaline

caused haematuria and vasoconsirictiion, which ' T

however, disappeuared before the histamine excretion
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returned to normel, Jhe vasoconstiriction would
probably be responsible to some extent for the
slowness in the increase in the hisiamine excretion,
since the locel vasoconstriction would cause a
delay in the distribution of adrenaline lc¢ its
target orgens, The injection of adrenaline &also

caused tewmporury oliguria, This would reduce thse

excretion of histamine, and probably allow increased

destruction of histamine in the tissues of the rat,
(3). It is thus probable thet the éxcretioncof

' histamine which actuaslly occurrecd was less than
might have occurred in the absence of oliguria,
That is, adrenaline is probably capable of
releasing more histamine than it actually did in
these experiments,

The doses of adrenaliine used were large when
compared with those used by some of the other
workers, (8, 23, 44, 35), but all these gave it
by continuocusiinfusion, The smallest dose which
was found to be effective, namely 37 pg./kg.,
caused toxic effects in the rats; it released
histamine in four of the six rats in which this
dose weas investigated, Therefore it appears that,
even if, in the intsct animel snd in high doses,
| adrenaline cuuses & release of higt&mineln}t is qot

& liberator of histamine under physiclogical
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conditions, Adrenaline in these experiments was
therefore not found tc be & histawine liberator
with the characteristics of propamidine and
compound 48/80, The release of histamine which
it did cause could probebly be explained by the
toxic effects which it had on the experimental
animal,

The perfusibn of the lungs of white rats with
adrenaline causes the release of histamine into the
perfusion fluid, (23). Even when the fluid did
not ccntain any haemolysed cells, it contained
histamine within LO minutes of starting the
perfusion, The release of histamine observed in
the present experiments may have originated in
the same way, In these circumstances this release
of histamine prcbably occurred because large doses

of adrenaline were used, and the experiments

were continued for eight hours., Both these factors

would increase the chance of d:tecting histamine
release in the intsct animzl by & weak liberator
which also had other actions, including that of
vasocenstriction, 1t is possible that the
prolonged release of histamine was cbserved in
the cat for the same reason (8); it may also

explain why & physiological release of histamine

was not observed in the human being with smaller
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doses of adrenaline, (35).

Histamine liberators caused the release of
histamine in measurable quantities into the urine
of the rat under conditions which wefe physiological
apart from the administration of & water load.

The experiments therefore gave & quantitative
meusure of the may in which & normal animal reacts
to & histamine liverator, and provided & method

of compauring the effects of different liberators
under the same experimental conditions,

voses of the histamine liberators were used,
| which it was foudd would produce & release of
histamine into the urine comparable to that
produced by the intraperitoneal injection of a
dose of histamine, which could be easily assayed,
and which produced no toxic efifects in the rats,
The injection of a dose of histamine provided not
only & standard quantitative, but a standard
qualitative response also. This is shown in Fig, 5
and Table 12, A standard quantiteative response
is the histam.ne release into the urine in excess
of the control value, and is expressed &s a
percentage of the ccntrol value, A standard
' guaiitative response is defined in terms of the
. period pricr to the meximum release of histumine,

and of the totel period of release, The response
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cumsed by the injection of & suitable dese of
histamine has been taken &s & standard response
with which the effects of difierent drugs on the
excretion of histamine @n the urine could be
compared, It was assumed that a liberator with
the same type of qualitative response as that
produced by histamine itself, acted by releasing
histamine in the same way and in a form resembling
that in which the injected histamine passed
through the tissues into the urine, That is, the
lioverator musi have passed rapidly to the target
organs, and must have caused an imumediate release
of histemine, which was quickly absorbed into the
'blood, and excreted in the urine in the same
fashion as was the injected histamine, A quick
and transient rise in the excretion of histamine
was the result; the excretion returned to the
control value in one, or at the most, two hours,
It has been shown that three hours after the
intravenous injection of histamine in the rat, the
histamine content of ali the tissues except the
blood &end kidney had returned to normsl, In the
blood and kidney, the histamine values after three
‘hours were small compared to what they were
following the injection, &nd in both, the decrease

was most rapid in the first hour after the injection.
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(40)., This observation justifies the measurement
of the urinary excretion of histamine, following

the injection of histumine, as a standard qualitative
response, Injected histamine can be detected in
the plesma in & physiologically active form, (9).
The injection of propamidine and other histamine
liberators causes a fall in blood pressure in the
cat and the liberation offi histamine into its
plaesma, (28), Thus it appears that in both types of
experiment, physiologically active histamine is
released intoc the plasme before it passes into

the urine, The difference betwecn the experiments
lies in the source of the histamine, It is clear
that this difference in the cases of propamidine
and compound 48/80 did not affect the time over
which the urinary excretion of histamine occurred
in the present experiments, It is a characteristiec
of histamine liberators to produce & delayed fall
in the blood pressure of the cat 15 - 20 seconds
after the injection of the liberator, (28), A

short deley such as this in response to the
histemine liberator could not be detected in these
experiments, A delay of more than half an hour
before the response occurred, and & prolongation
of the action of the liberator was detected with

adrenaline and the mono-ealkylamines,
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The relutively counstant excretion of histamine
in each half hour period permitted even small
increases in the excretion to be observed under the
experimental conditions employed, Although the
excretion might vary considerably between individusal
rats, the mean excretion from two or more rats
remeined almost the same during each experiment,

end from day to day. This supports the results of

Emmelin (9), who found little variation in the
plusmse histamine of the rat over long periods., Thus,
comparisons between the efiects of different
|liberators in the experiments performed on different
days could Jjustifisbly be medc. Doses of histawine
liberatiors were used compareble to those administered
in the perfusion of cat's skin, (11). These doses
caused ihe liberation of histamine in the whole
animal; the concentration of this liberated
histamine in the urine provided & solution which
could be assuyed easily with the relatively simple
methods which were euwployed,

rropamidine and compound 48/80 both caused a
transient and rapid release of histamine, Compound
48/80 was considerably more efficient than

propamidine in liberating histamine, Responses
|comparable to that produced by &n injection of

20 pg./kg. of histamine were caused by & dose of
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56'Fg-/ke- of compound 48/80, ¢r a dose of
propamidine six times as _reat as this,

Octylamine and decylamine also caused an increased
excretion of histamine in the urine, However, the
course of release with these two drugs differed
from that produced by the injection of histamine,
Both the alkylamines caused & prolonzed release of
ﬁistamine in the urine which was meintained &t a
ruised value for several hours in the case of
octylamine snd for one hour in the case of decylumige,
befors gradually declining. A dose of 100pg./kg. of
octylamine, in fact, caused a continuous increase in
the excretion of histamine for five and & half hours,
Octylamine was a much more efficient releaser of
histamine than decylamine; A dose of 500 pg./kg. of
the latter elicited only a small and brief release
of histamine, although the course of the release
was similer with both drugs.

The observation that decylamine is & less
efficient releaser than octylamine contrasts with
that of Mongar and Schild (34), who found that
decylamine was the more active releaser from
minced guinea pig lung, Other workers (29) found
that octedecylamine was a most efficient releaser
lof histamine from the cells of rabbits' blood, but

that dodecylamine had no histumine releasing activity
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at all, However, these workers found that the
release wes complete in one or two wminutes if
sufficieng of the releaseing agent was present,
Their observation is in sgreement with that of
Mongar and Schild, who found that the release was
complete in ten minutes if the concentration of

releasing agent was sufficient,

The differences in the h&stamine—releasing
properties of the mono-alkylamines cbserved in the
present experiments from those made by the other
workers may partly be due to species specificity.
The activity of the alkylamines a&s histamine
releasing agents has been shown to differ in all
the reported work. The experimenis have been
performed on rabbits' blood corpuscles, minced
guinea pig lung, and intact rats, 1In the 1ﬁst
two species it is a reed that octylamine acts as
an efficient releasing agent, though contrasting
results were obtained with decylamine. In the
first two species contrasting results have been
obtained concerning the efficiency of dodecylamine,
MacIntyre, Roth and Sproull (29) state that "a
shortening of the aliphatic chain by only two
carbon atoms decreases the histemine release potency,l"
'and also that some of the alkylamines have the

power to inhibit histamine release, In their
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experiuents, they found that zood inhibition
occurred with dodecylamine, but that the l1l2-carbon
chain was not long enough for goocd histemine
releasing sction, It is possible that species
differences might accentuate the diffeérences in the
histamine releasing properties of the different
mono-alkylemines, even though their chain lengths
differed by only two carbon atdms.

Mongar and Schild (34) compare the histamine
releasing properties of compound 48/80 and the
mono-&lkylamines, %hey found the latter to be much
more efficient releasing agents, The present
observations are in esgrecment with this, when the
total release by compound 48/80 and octylamine are
compared, However, the release by compoqhd 48/80 is
transient, and that by octylamine prolangéd, and
this makes comparison uvetween the histamine releasing
properties of the compounds difficult., This
difference might be due to other physiological
effects produced by octylamine on the rats, A
gradual release from the injection site might occur,
resulting in a graduslly increasing efiect on the
histamine stored in the surrounding tissues,
Hiowever, no signs of haematuria or other toxic effects
were observed in the rats, If the- effect on the

¢ourse of the histamine release was due to any other
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physiological actions of the drug, they were not
visible during the experiments, Octylamine caused
e continuing release of histamine and, whatever
the reason, this kind of release was also caused
by decylamine in a considerably larger dose, and
appeared to differ from the explosive type of
release charscteristic of compound 48/80 and other
Ihistamine liverators, (11),

Mongar snd Schild observed that compound 48/80
appeared to be & more active releaser than the
momo-&alkylamines when their activity was compared
by their ability to produce the triple response
in humen skin, .It is clear that the activity of
the mono-alkylamines in releasing histamine differs
considerably between species, and with different
methods of assessing their power 1o release
' histamine; and it appears that comparisons
between these compounds and other histamine
Eliber&tors with regard to their histamine releasing

properties should be made with caution,
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SUMMARY ,

It has been shown that the urinary excretion of
histamine provides a sensitive measure of the
histamine metebolism in the rat, There was a
constant deily excretion of histamine which had a
diurnal rhythm, The excretion was not related to
the volume of urine passed, but it did appear to
vary in relation to the rat's rhythm of activity
throughout the twenty four hours, About half of
the free histamine and the same gquantity of the
conjuzated histamine excreted in the urine was
formed as a result of bacterial activity within
the alimentary canal, It is rapidly absorbed
into the walls of the canal, whence if passes into
the blood and tissues of the body. Thence it
passes in a physiologically active form, resembling
the form in which orally administered or injected
histamine passes through the body, into the urine,
It has been found possible to study two stages in
the metabolic path of histamine.. The formation
of histawine in the alimentary canal is & distinct
stage in.its normel metabolism, and can be
influence. by drugs which affect the bacteria
producing it., The psssage of histamine through
-the tis.ues of the animal reflects the part of the

metabolism of histamine directly under the
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influence of the animsl itself, This part of the

' metabolism of histamine is controlled to some

extent by the presence of adrensline in the tissues, |

and is aifected by the injection of different ;

histamine liberators in various ways. |
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