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1. 

General Introduction. 

The fate of drugs and other pharmacologically 

active substances in the body, has in the past been 

a somewhat neglected aspect of pharmacology, 

although the absorption, distribution, and 

excretion of an active substance must have a 

profound influence on it's effects on the body. 

Information about the fate of a drug enables a more 

rational dosage than would otherwise be possible. 

:ror example, risks of toxic effects due to 

cumulation of the drug can be avoided, and the 

amount and frequency of the dose necessary for the 

desired action can be better assessed. 

The most extensive study of the fate of drugs 

in the body was made by Widmark (36) who worked 

for the most part on alcohol, acetone and certain 

narcotics. he found that the clearance of drugs 

from the body followed certain rules. nis 

studies are by no means of theoretical interest 

only, as the present medico -legal tests for alcohol 

intoxication are largely based on his findings. 

very interesting but entirely theoretical 

treatment of this subject has been given by 

Teorell (31) who was able to derive mathematical 

expressions for the rates of absorption, 

distribution/ 
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distribution, detoxication and excretion of drugs 

following various routes of administration. 

'lhe present work is mainly concerned with the 

fate in the body of two substances of great interest 

at the present time, although for very different 

reasons. The substances concerned are 

sulphanilamide and histamine, the first being 

of therapeutic importance and the latter of interest 

because of it's probable involvement in several 

pathological conditions. The investigation of these 

substances required the use of a chemical method for 

the estimation of sulphanilamide ana a biological 

assay for histamine. .cis the value of work of this 

nature depended to a large extent upon the accuracy 

of the method of estimation, it was necessary, 

before attempting animal experiments, to carefully 

control the methods of estimation. 
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4. 

introduction. 

During recent years the medicinal treatment 

of certain diseases has been greatly advanced by the 

introduction of chemical compounds possessing the 

property of combating the organisms causing these 

diseases. xt the moment the most important of 

these compounds are the sulphonamides, substances 

first introduced into medicine in the third decade 

of the present century. These compounds have their 

origin in rrontosil or sulphamidochrysoidin 

(2:4 Diaminoazobenzene 4`- sulphonamide 

hydrochloride) a substance first appearing in 

medical literature in 1933 when a clinical report of 

the successful use of this compound was published (6) 

soon to be followed by others during the next two 

years (10,20,8). However, it was not until 1935, 

that Domagk (3) published experimental evidence 

showing that sulphamidochrysoidin protected mice 

against an otherwise lethal dose of haemolytic 

streptococci. This observation was confirmed 

by Levaditi and Vaisman (12) in the same year. 

The next step in the development of the 

sulphonamides was made by Trefouel, Trefouel, Nitti 

and Bovet (32). These authors found that azo 

compounds with a sulphonamide group attached to a 

benzene nucleus possessed antibacterial properties 

in/ 
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in vitro, whereas, azo compounds without this group 

were inactive. They concluded that azo compounds, 

with a sulphonamide group attached to a benzene 

nucleus were broken down in the body to form 

p. aminobenzene sulphonamide, a substance shown to 

possess antibacterial properties similar to 

sulphamidochrysoidin. This observation was soon 

confirmed (9,2). It was then shown by (7) 

that sulphamidochrysoidin was broken down in the body 

to p. aminobenzenesuiphonamide, and it was suggested 

that the antibacterial properties of sulphamido- 

-chrysoidin were in fact due to the p. aminobenzene 

sulphonamide so produced. 

intensive research has since been directed to 

the synthesis and testing of thousands of similar 

substances, a few of which have been introduced into 

clinical medicine. it is apparent that the unique 

value of these drugs in therapeutics makes a study of 

their fate in the body of great importance, as 

information of this kind makes it possible to employ 

these compounds in such a way as to obtain maximum 

therapeutic effects with minimum toxic actions. 

As sulphanilamide is the simplest of these 

compounds and the most widely used in' veterinary 

medicine, it was considered the most suitable 

compound/ 
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compound for the present investigation. 

The first study of the distribution of 

sulphanilamide was made by iarshall, . ierson and 

cutting (14). These authors found that, in the dog,' 

sulphanilamide was evenly distributed throughout all 

the tissues, excepting bone and fat, four hours after 

oral administration. rainter (18) claimed to show 

that sulphanilamide was distributed uniformly 

throughout the body water one hour after intravenous 

injection. Riser and Valdigue (22,23), using dogs, 

found on the other hand, that the concentration of 

sulphanilamide was higher in the brain and temporal 

muscle than in the blood. Later work on dogs (34,4), 

showed that sulphanilamide was not evenly distributed 

through the body water, and that the figures obtained 

by rainter (18) could not be confirmed. 

These experiments were all performed on dogs, 

animals shown to be unique in not acetylating 

sulphanilamide (13). Lan and most other animals, 

on the other hand have been found to transform a part 

of the sulphanilamide in the body into acetyl- 

-sulphanilamide (16). Hence, results obtained by 

experiments òn dogs cannot be applied to other 

animals in which the metabolism of this drug is so 

fundamentally different. 

Acetylation renders sulphanilamide inactive (2) 

and/ 
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and more toxic (15), it is, therefore, of clinical 

importance. This process was found to occur in 

the liver of the rabbit (28), and it has also been 

observed that liver slices acetylate sulphanilamide 

in vitro (11). however, the liver is not the only 

organ concerned in the process in all species as 

extra- hepatic acetylation has been shown to occur in 

the cat (33). The acetylation of sulphanilamide is 

a process of some importance in the metabolism of 

this compound, and the object of the present 

investigation was to study the distribution and 

metabolism of sulphanilamide in animals which 

acetylate this compound. These animals include all 

the species of economic importance. 

The value of a study of the distribution and 

fate of a substance such as sulphanilamide depends 

largely on the use of an accurate and reliable 

method for the estimation of the compound in the 

body tissues and fluids. All the methods used in 

the estimation of sulphanilamide involved the 

colorimetric comparison of coloured solutions 

produced by treating sulphanilamide with various 

compounds. isu.ethods were first described 

independently by culler (7), and by iviarshall, 

rmerson and cutting (13). culler f 7) used 

the colour produced by the diazotisation of 

sulphanilamide/ 



sulphanilamide and coupling with, -naphthol, the 

latter authors described a similar method using 

dimethyl- «- n.aphthylamine as the coupling component. 

Schmidt (24) described a method involving the use of 

sodium /3- naphthaquinone- 4- sulphonate and du erner (35) 

devised a method in which a colour was produced 

with p.dimethylaminobenzaldehyde. However, in 1939, 

Bratton and 1,1arshall t1), investigated the estimation 

of sulphanilamide very fully. They used the diazo 

reaction with a large number of different coupling 

components and of these they selected 14(1- naphthyl)- 

ethylenediamine dihydrochloride as the best for 

various reasons. This method was chosen for the 

purposes of the present investigation. 
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Methods. 

Chemical. 

The method of i3ratton and iviarshall a), , was 

selected for the estimation of sulphanilamide , this 

method involved the diazotisation of sulphanilamide 

and subsequent coupling with 1A(1- naphthyl) ethylene - 

diamine dihydrochloride. A quantity of the latter 

substance was prepared. 

Biological. 

äheep, mice and rabbits were used in this 

investigation. cheep were injected intravenously 

with u.5gm. /luOml. solution of sulphanilamide in 

saline, and placed in suitable metabolism cages to 

allow the excreta to be conveniently collected. 

Mood was withdrawn from the jugular vein of these 

lanimals at fixed intervals, and at the same time the 

cage was well washed, the urine and washings being 

made up to a known volume. Lstimations of 

sulphanilamide and acetylsulphanilamide were carried 

out on the blood and the urine. 

'.i'he distribution of sulphanilamide in the 

tissues was studied by injecting a 0.5gm/100m1. 

solution of the compound intravenously in rabbits. 

They were then placed in metabolism cages and at 

suitable/ 
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suitable intervals killed by stunning and bleeding 

to death. The urine and tissues were analysed in 

the usual manner. 

Lice were injected intravenously with the same 

solution, and placed in individual metabolism 

cages constructed from .buchner funnels. The mice 

were killed, the cages washed, and the amount of 

sulphanilamide in the whole mouse and in it's 

excreta determined. ïn all the experiments 

described, the term `total sulphanilamide- included 

both free and acetylsuiphanilamide and the latter 

compound was estimated by subtracting the amount of 

free sulphanilamide from the total. 
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Procedure. 

Preparation of coupling component. 

v(1- naphthyl)ethylenediamine dihydrochloride 

was synthesised by the method of riratton and Marshall 

(1). Potassium phthalimide was treated with ethylene, 

dibromide to give l3 -bromethylphthalimide. .after the 

removal of excess ethylene dibromide by steam 

distillation, the product was crystallised from 

ethyl alcohol and then from carbon disulphide. 

-bromethylphthalimide was coupled with a -naphthyl- 

-amine by heating the mixture. The tar produced was 

washed with hot water and then with alcohol. .she 

resultant crystals of ¡3a- naphthylamino)ethyl- 

-phthalimide were recrystallised from acetic acid 

until a constant melting point of 165 °U. was obtained.', 

:Finally ,8(1- naphthylamino) ethylphthalimide was 

hydrolysed by treatment with hydrazine hydrate to give 

N(1- naphthyl)ethylenediamine the dihydrochloride was 

theiformed by adding excess hydrochloric acid and 

crystallised from water. The compound melted at the 

figure given by bratton and Marsha11,188 °C. 

Solutions. 

The following solutions were prepared for the 

analysis: 

Saponin/ 
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Saponin 100mg. /1,000ccs. dist. water. 
Trichloracetic acid 150 g. /1,000ccs. dist. water. 
Sodium nitrite luOmg./ 100ccs. dist. water. 
4mmonium sulphamate SuOmg./ 100ccs. dist. water. 
laphthylethylenediamine luOmg./ lOOccs. dist. water. 
4iß hydrochloric acid 
Sulphanilamide 2uUmg. /1,000ccs. dist. water. 

:Method for blood 

2ccs. of the blood containing sulphanilamide 

were diluted and laked with 3uccs. of saponin 

solution in a conical flask of 150ccs. capacity. 

Proteins were precipitated by the addition of 8ccs. 

trichloracetic acid solution. The mixture was 

filtered by gravity, a perfectly clear filtrate 

being obtained. Two lOccs. aliquots of the 

filtrate were taken, one for the estimation of free, 

the other for the estimation of total sulphanilamide. 

`1'o estimat6 free sulphanilamide, luccs. of the 

protein free filtrate were pipetted into a perfectly 

dry,small,conical flask. lcc. of sodium nitrite 

solution added, and the mixture allowed to stand for 

2 minutes. This was followed by lcc. of the 

ammonium sulphamate solution to destroy excess 

nitrous acid and the flask allowed to stand for 

three minutes. lcc. of the naphthylethylenediamine 

solution was then added to give a red coloured 

solution. Various dilutions of the standard 

solution were treated in the same manner. It was 

found/ 
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found important to shake the flask well between the 

addition of each reagent. The coloured solitiion 

obtained by the treatment of the blood filtrate was 

compared colorimetrically with the standard solution 

of approximately equal intensity. 

J.otal sulphanilamide was estimates after 

hydrolysis of the acetyl derivative by heating a 

second lucc. aliquot for one hour on a boiling water 

bath. It was necessary to add hydrochloric acid to 

the protein free filtrate, trichloracetic acid could 

not be used for the hydrolysis as it decomposed on 

heating. Hydrochloric acid was added in the 

proportion of loc. of 4N acid in 20ccs. solution. To 

obtain a complete hydrolysis of the acetylsulphanilamide 

it was found necessary to conduct the hydrolysis under 

reflux condenser. 

luethod for Urine. 

The sulphanilamide content of urine was 

determined by the method used for blood except that it 

was not necessary to remove proteins. the urine was 

well diluted and acidified by the addition of 41 

hydrochloric acid in the proportion of 5ccs. acid in 

luOccs. diluted urine. A lOccs. aliquot of the 

mixture was treated in exactly the same way as the 

protein free blood filtrate. A second luccs. aliquot 

was / 
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was hydrolysed and the total sulphanilamide content 

estimated. 

Method for Milk 

some difficulty in estimating the 

sulphanilamide content of milk had been reported by 

rinto (19) and it was thought advisable to attempt 

estimations of this compound in milk. The 

procedure employed was exactly the same as used for 

blood and was found to be satisfactory. 

method for Tissues 

As the method employed by ivlarshall, 4mmerson 

and gutting (14) in their study of the distribution 

of sulphanilamide was not entirely satisfactory, it 

was necessary to develop a reliable method for the 

estimation of sulphanilamide in tissues. A method 

was devised involving the dehydration of the tissue 

with anhydrous sodium sulphate and extraction for 3 

hours with acetone in a 6oxlet apparatus. .i'he 

acetone was removed by evaporation, the residue taken 

up in water, and the estimation conducted in the 

manner described for blood. This somewhat lengthy 

process was, however, replaced by a much simpler and 

convenient method. The tissue was analysed by 

grinding weighed quantities of minced tissue with 

f our / 
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four volumes of 15 per cent trichloracetic acid, 

allowing to stand for one hour, then adding 4N 

hydrochloric acid to the mixture in the proportion 

of lcc. of acid in 2uccs. of the mixture. Tne 

wholé mixture was filtered and a 2uccs. aliquot of 

the filtrate taken, this was divided into two equal 

fractions, so that free and total sulphanilamide 

could be determined. The estimation was conducted 

on the filtrate in the manner described for blood. 
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Results. 

The importance of employing accurate methods in 

the study of the fate of drugs in the body, has 

already been indicated. It was necessary, 

therefore, to control carefully the method of 

bratton and iarshall (1) before attempting to use it 

for the investigation of the metabolism of 

sulphanilamide. 

.eree Sulphanilamide. 

Pure solutions. 

Estimations of known amounts of free 

sulphanilamide in aqueous solution were attempted 

and satisfactory recoveries obtained, table 1. 

TABLE 1. 

Recoveries of added amounts of sulphanilamide 

in aqueous solutions. 

Amount 
Added 

Amount 
Recovered 

Per Cent 
Error 

1.11mg . / 100m1. 
1.06 tt rt 

1.00 tt 

1.00 " 

0.89 tt 

0.78 tr 

0.60 tt 

0.16 77 

tt 

tt 

tt 

tt 
tt 
tt 

1.08mg./100m1. 
1.07 " 
1.01 " 

0.98 " 

0.89 " 
0.77 " 

0.60 " 

0.16 " 

tt 

tt 

tt 

tt 

tt 
rt 

tt 

2.7 
0.9 
1.0 
2.0 
0.0 
1.3 
0.0 
0.0 

iviean 1.0+ 
Ì 

U.3(S.E. 
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Blood 

Known amounts of sulphanilamide were added to 

blood which was subjected to the procedure 

described previously. Satisfactory recoveries were 

obtained, table 2. 

TABLE 2. 

Recovery of sulphanilamide added to blood. 

Amount Amount ter vent 
Added Recovered Error 

1.00mg./100m1. 
0.60 tt tt 
0.40 tt tt 

0.25 tt " 
0.20 " 

Tt 

0.12 f4 " 

0.98mg./100m1. 
0.58 " " 

0.40 " et 

tt 0.24 " 

0.20 " tt 
TT 0.12 " 

2.0 
4.0 
0.0 
4.0 
0.0 
0.0 

iuean 1.7±u.75(S.E. ) 

urine. 

urine,to which known amounts of sulphanilamide 

had been added,was subjected to the procedure 

described previously. The amount recovered agreed 

closely with the amount added, table 3. 

TABLE 3./ 
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TABLE b. 

Recovery of sulphanilamide added to urine. 

Amount amount Y er U ent 
Added Recovered terror 

1.00mg./100m1. 1.03mg./100m1. 3.0 
1.00 ,tt It 1.02 tt tt 2.0 
0.50 tt 11 0.49 tt tt 2.0 
0.50 tt it 0.49 " It 2.0 
0.50 If 

tt 0.48 rt st 4.0 
0.50 " tt 0.50 t1 ft 0.0 
0.50 tt ft 0.48 rt t 4.0 
0.48 " tt 0.48 rt if 0.0 
0.40 " it 0.40 tt tt 0.0 

Mean 2.0t0.5(a.E. 

Milk to which known quantities of sulphanilamide 

had been added, was subjected to the proceaure 

described for olood. Satisfactory recoveries of the 

added sulphanilamide were obtained, table 4. 

TABLE 4. 

Recovery of sulphanilamide added to milk. 

amount Amount Rer Uent 
Added Recovered Error 

1.00mg./100rn1 . 

0.60 t tT 

0.60 Tt tt 

0.50 it tt 

0.40 tt 1t 

0.40 " tt 

0.99mg./100m1. 
0.60 " Tt 

0.58 tt It 

0.50 tT tt 

0.39 tt Tt 

0.40 tT Tt 

1.0 
0.0 
3.7 
0.0 
2.5 
0.0 

mean 1 . 2 -U . 7 (S.E.j 

Tissues/ 
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Tissues. 

The results obtained when added quantities of 

sulphanilamide were extracted from tissue by means of 

acetone are shown in table 5. 

TABLE 5. 

Extraction of added amounts of sulphanilamide 

with acetone. 

Tissue Amount mount rer Cent 
Added Recovered Error 

minced Liver 0.60mg./100gm. 0. 61 mg./ 100g.n. 2.0 
fr 0.60 +r rt 0.59 " " 2.0 
cr 0.60 " tt 0.60 " " 0.0 
tt 1.20 " " 1.17 " " 2.5 
" 1.30 " " 1.20 " " 9.3 

Mean 3.4 +1.6 

This method of extracting sulphanilamide from 

tissues was replaced by a much simpler and quicker 

extraction with trichloracetic acid. controlled 

experiments using the trichloracetic acid extraction 

gave satisfactory recoveries, table 6. 

TABLE 6./ 
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TABLE 6. 

Extraction of added amounts of sulphanilamide 

with trichloracetic acid. 

Tissue Amount Amount Per Cent 
Added Recovered Error 

Liver 1.00mg. /100gm. 0.98mg. /100gm. 2.0 
Liver 1.00 " " 1.02 " " 2.0 
Kidney 1.00 " tt 0.97 " " 3.0 
Minced Mouse 2.00 " It 2.02 " n 1.0 
Minced Mouse 2.00 " " 2.04 " " 2.0 

Minced Mouse 2.00 " " 1.92 it 

" 4.0 
Minced Mouse 1.00 " " 0.95 " " 5.0 

Mean 2.7 +0.55 

etylsulphanilamide 

The importance of acetylation has already been 

stressed and as the present investigation was 

concerned with animals which carried out this 

process, control experiments were conducted with 

this compound. Although Bratton and Marshall claimed 

their method to be satisfactory for the estimation of 

acetylsulphanilamide, Scudi and Robinson (26), had 

experienced some difficulty with this method. 

Before this compound can be estimated colori- 

-metrically, the acetyl group has to be split off 

by hydrolysis. Bratton and Marshall suggested the 

use of hydrolysis with 0.2N hydrochloric acid in 

test- tubes/ 
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test -tubes graduated to lOccs., these were heated on 

a boiling water -bath for one hour, and the loss due 

to evaporation restored by adding water up to the 

graduation. The estimation was then conducted as for 

pure sulphanilamide. In order to use small flacks 

for the colour development, as pointed out previously, 

the hydrolysis of the solution containing the 

acetylsulphanilamide was conducted in a test -tube 

graduated to 20ccs. This volume allowed an aliquot 

of lOccs. to be transferred to the small flask and 

gave sufficient surplus solution to wash out the 

pipette before taking the aliquot. 

Pure solutions. 

The following results were obtained when the 

hydrolysis of acetylsulphanilamide,in aqueous 

solution,was conducted in uncovered test- tubes, 

table 7. 

TABLE 7./ 



22. 

TABLE 7. 

Recoveries of added amounts of 

acetylsulphanilamide in aqueous solutions. 

Amount Amount Per Cent 
Added Recovered Error 

1.00mg./100m1. 
1.00 n it 

1.00 " n 
0.40 " n 

0.16 " tt 

0.16 tt tt 

0.16 " 
ti 

0.73mg./100m1. 
0.70 n tt 

0.72 " n 
0.28 " tt 
0.15 " tt 
0.14 tt n 

0.13 " 
tt 

27 
30 
28 
30 
6 

12 
19 

Mean 224- 3.4(S.E., 

The results shown in table 7 were much lower 

than expected and the method appeared to be far from 

perfect. The possibility of these low recoveries 

being due to decomposition of sulphanilamide by heat 

was eliminated by setting up similar tubes containing 

solutions of pure sulphanilamide and heating them 

under similar conditions. The sulphanilamide was 

unchanged by this treatment, table 8. 

TABLE 8./ 
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TABLE 8. 

The effect of heating sulphanilamide. 

Amount added 
before heating 

Amount Per uent 
Recovered Error 

1.00mg./100m1. o.98mg./ 100m1. 2 
1.00 Tt n 0.97 ,r Tt 3 

1.00 Tt Tt 0.97 tT tt 1 

0.50 t4 't 0.49 TT tt 2 

1.00 TT et 0.99 tt It 1 

1.00 TT 
n 0.94 " 

It 6 

0.50 TT TT 0.49 TT TT 2 

iiean 2.4+1.3 

The test -tubes were then fitted with watch 

glasses to prevent the possible loss of 

sulphanilamide in the steam evolved during the 

hydrolysis. The procedure was then repeated, the 

watch glasses and sides of the tubes being 

carefully washed. This precaution produced no 

improvement in the results, table 9. 

TABLE 9./ 
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TABLE 9. 

Hydrolysis of acetylsulphanilamide in tubes 

fitted with watch glasses 

Amount Amount rer Oent 
Added Recovered Error 

1.00mg./l0Oml. 
1.00 tt tr 

1.00 " 
1,u0 tt " 
1.00" tt 

1.00 tt tt 
0.40 " tt 

0.40 tt tt 

0 . 7 6mg . / 10 0m1. 
0.77 t' t' 
0.85 n tt 

0.77 't It 

0.75 tt 

0.75 t' 

0.30 " 

0.30 " 

ft 
ft 
ft 
tt 

24 
23 
15 
23 
25 
25 
25 
25 

mean. 23 +2.1 

Small flasks fitted with reflux condensers were 

then used for the hydrolysis which was again carried 

out on a boiling water -bath. This procedure greatly 

improved the recovery, as shown by table 10. 

TABLE 10. 

Hydrolysis of acetylsulphanilamide 

under reflux. 

Amount Amount rer Lient 
Added Recovered Error 

1.00mg./100m1. 
0.50 " " 

0.5U" tt 

0.50 " tt 

0.50 tt tr 

0.50 " " 

1.U2mg./100m1. 2 
0.50 " " 0 

0.48 " tt 4 

0.49 " li 2 

0.49 if tt 2 

0.49 " " 2 

mean 2.0+0.55 

The/ 
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The explanation of the improvement in the 

recovery of acetylsulphanilamide when the hydrolysis 

was conducted under a reflux condenser was then 

investigated. To determine the influence of shape 

of vessel on the results, flasks were set up without 

reflux condensers, and test -tubes with reflux 

condensers. The type of vessel was without effect 

on the results, table 11. L.orris (l7) observed that 

the hydrolysis of acetylsulphanilamide was influenced 

to some extent by the shape of the vessel. 

TABLE il. 

Hydrolysis of acetylsulphanilamide 

Vessel Amount Amount Per Gent 
Used Added Recovered Error 

Flasks 1.00mg./100m1. 0.72mg./100m1. 28 
without 0.50 " " 0.32 " " 36 
condenser. 0.50 " " 0.36 " " 28 

Test-tubes 1.00 " 

with 1.00 " 

condenser. 

tt 
tf 

1.00 tt 

0.95 " 

tt 
It 

0 

5 

As the estimation of acetylsulphanilamide was 

intended to be used as a routine procedure, a 

siinler apparatus than a reflux condenser was 

required and simple air condensers 18 inches long 

were/ 
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were found satisfactory, table 12. 

TABLE 12. 

Hydrolysis of acetylsulphanilamide 

under air condenser. 

.iimount 
added 

Amount 
Recovered 

± er u ent 
Error 

1. u0mg,/ 10Um1. 
1.u0 n n 

1.00 n n 

1.00 n tt 

u.97mg./100m1. 
0.97 tt n 

0.97 n n 

1.01 tt tt 

3 
3 
3 
1 

Mean 2.5 +0.33 

The possibility of acetylsulphanilamide being 

removed by steam distillation was considered next and 

apparatus was set up in which a solution of acetyl- 

-sulphanilamide was steam distilled for one and a half 

hours, the entire distillate being collected. In no 

case could any sulphanilamide be detected in the 

distillate, whilst the total amount introduced into 

the distilling flask could be recovered. 

it was then clearly demonstrated that the 

discrepancy between the recoveries with and without 

condenser was due to incomplete hydrolysis and not to 

a loss of either acid or acetylsulphanilamide. 'Tubes 

were set up as before, except that they were 

graduated/ 
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graduated at l0ccs. and 20ccs. A solution of 20ccs. 

of acetylsulphanilamide was heated for one hour 

without reflux condenser, loss of water restored and 

lo ccs. removed for estimation. The tubes were then 

fitted with condensers and heated a further hour. 

Uomplete recoveries were obtained after the 

condensers were attached to the tubes, table 13. 

This experiment clearly showed that the low 

recoveries were due to the incomplete hydrolysis of 

acetylsulphanilamide. 

TABLE 13. 

Tb show the apparent loss was due to 

incomplete hydrolysis. 

Amount 
.Added 

Amount Recovered. 

1.00mg./100m1. 

Before 
Reflux 

0.81mg . / l0 0mí . 

After 
Reflux 

1.ulmg. /100m1. 
'1.u0 " n 0.82 " " 0.95 " " 

1.00'" U.89 " " U.99 " t, 

1.00 !f U.95 " " 1.00'r I, 

1.00 " tr 0.89 " " 0.95 " tt 

dean 0.87 +0.02 0.98 +0.01 

.eurther experiments were conducted to see if the 

necessity for a reflux condenser could be readily 

explained and the effect of conducting the hydrolysis 

in various atmospheres under reflux was investigated. 

Atmospheres/ 
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Atmospheres of oxygen, carbon dioxide, and nitrogen 

were employed but none of these gases had any 

significant effect on the hydrolysis. 

The use of condensers for the estimation of 

acetylsulphanilamide was adopted, and when applied 

to the determination of this substance in biological 

media was entirely satisfactory. 

satisfactory methods being available for the 

estimation of free and acetylsulphanilamide, a study 

of the fate of sulphanilamide in the body was 

undertaken. 

Distribution of Sulphanilamide. 

It was claimed by previous authors (14, 18) 

that, in the dog, sulphanilamide was evenly 

distributed throughout the body water. If this 

statement was true, then by dividing the amount of 

drug in the body by the concentration of drug in the 

blood, a value for the total body water should be 

obtained. r'igures obtained in this manner after 

injecting sheep and rabbits intravenously with 

sulphanilamide could not be reconciled with this 

claim, table 14. r'or the purpose of the 

calculations given in table 14, the amount of drug 

remaining in the body was obtained by subtracting 

the amount excreted from the amount administered. 

It/ 
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It was assumed for this purpose that none of the drug 

was destroyed in the body. 

The formula used was : - 

Distr.Vol._ amt of drug in the body (mg.) 
Conc,total drug in blood Img. /litre.) 

TABLE 14. 

Distribution volumes of sulphanilamide 

Sheep Dose Time Blood conc. Amt.in Distri. Body 
No. k . Hrs. I. /100m1. body. Volume Wt. 

mg. Litres kg. 

358 68.7 
1 
6 

24 

Free Total 

1187 
1040 
831 

16.1 
24.5 

207.7 
18.2 

5.40 
3.20 
0.24 

7.35 
4.24 
0.40 

1 5.54 6.00 1064 17.7 
359 49.3 6 2.28 3.20 834 26.0 22.7 

24 0.04 0.48 460 95.7 

1 9.84 12.40 2160 17.4 
361 90.0 5 5.80 8.20 1830 22.7 25.5 

24 1.00 1.90 1570 78.4 

1 4.84 5.54 1009 18.0 
360 41.0 5 2.86 4.00 869 21.7 26.0 

24 0.40 0.50 483 96.6 

1 17.60 19.20 4250 20.2 
394 164.0 5 9.10 12.00 3600 27.9 26.0 

24 2.00 6.52 2237 34.3 

Rabbit 
No. 8 57.1 3 1.2u 2.53 73.6 3.0 1.7 
9 53.3 6 0.50 1.22 76.0 5.6 1.5 

10 76.9 24 0.52 0.64 34.6 5.4 1.3 
7 51.4 48 0.00 0.50 65.5 13.1 1.8 

It/ 
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It will be seen from table 14, that although the 

values obtained for the volume of distribution one hour 

after the injection may possibly be explained by the 

hypothesis of an even distribution of the drug through 

the body water, the values obtained at longer intervals 

cannot be accounted for on this theory if assumptions 

made for the calculations are valid. lids being the 

case, either the substance was not evenly distributed 

through the body water, or was changed in the body into 

a form not estimated by diazotisation even after 

hydrolysis. 

. experiments were then conducted to study the 

actual distribution of sulphanilamide in the tissues of 

an animal capable of acetylating this substance. 

Rabbits were injected intravenously with a solution of 

sulphanilamide and killed at various intervals after 

the injection. The results obtained in these 

experiments are shown in table 15. 

'DABLE 15. / 
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TABLE 15. 

Concentration of sulphanilamide in rabbit tissues. 

Time iv. 100gm. tissue. hose 
hrs. mR./ 100gin. 

'blood Liver kidney brain Muscle 

3 'Total 2.53 3.00 5.37 1.54 2.16 5.71 
£ree 1.20 1.40 1.94 1.10 1.30 

3 Total 4.36 5.28 10.08 3.00 5.08 5.00 
Free 2.66 2.34 6.00 2.94 4.4U 

Total 3.24 3.88 8.29 1.50 2.93 4.65 
r'ree 1.22 1.24 2.53 1.22 1.36 

6 Total 1.22 1.42 4.42 0.82 o.90 5.33 
ree 0.50 1.22 1.82 0.62 0.90 

6 Total 1.20 1.42 2.24 0.70 0.90 4.25 
r'ree 0.44 0.82 0.86 0.70 0.74 

6 Total 2.60 2.92 6.00 1.20 2.24 5.71 
.bree 0.90 1.70 2.64 1.10 1.10 

24 iota' 0.70 1.10 0.54 0.00 0.22 3.95 
r'ree 0.00 0.80 0.00 0.00 0.00 

24 'Total 0.64 0.94 0.96 0.36 U.55 7.69 
£ree 0.52 U.42 0.55 0.24 0.47 

48 Total 1.2U 1.80 1.28 1.92 1.56 4.65 
aree 0.76 1.10 0.76 0.50 0.30 

48 `Total 0.16 0.50 0.2u 0.08 0.06 6.25 
ree 0.00 0.50 0.00 0.00 0.00 

48 Total 0.50 1.10 2.10 0.00 0.50 5.14 
r'ree 0.00 0.90 1.24 0.00 0.00 

72 Total 0.00 1.10 0.40 U.uu U.20 3.57 
aree 0.U0 0.84 0.00 0.00 0.10 

72 Total U.00 1.04 0.84 0.00 0.20 4.35 
2ree 0.00 0.96 0.40 0.00 0.00 

72 Total 0.28 1.14 0.61 0.31 0.50 6.66 
r'ree 0.18 0.78 0.43 0.24 0.37 
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As shown by table 15, the distribution 

was far from even, fixation of the drug occurring in 

the liver and probably the kidney. The high 

concentration in the kidney during the first six 

hours may have been due to the inclusion of some 

urine with the tissue. The ratio or the concentration 

of sulphanilamide in the tissue to the concentration 

in the blood is shown in table 16. ln most cases 

this figure increased greatly with time, showing a 

tendency for the tissues to fix the compound. 

TABLE 16. 

Conc. total drug in tissue / Conc. in blood. 

Time 

Liver Kidney 

Tissue 

Muscle 
nrs. 

gain 

3 1.2 2.2 0.6 0.8 
1.2 2.3 u.7 1.2 
1.2 2.5 u.5 U.6 

6 1.2 3.6 0.7 u.7 
1.2 1.9 u.6 0.7 
1.2 2.3 u.5 0.8 

24 1.5 0.8 u.0 0.3 
1.5 u.6 0.5 U.9 

48 1.5 1.1 1.6 1.3 
3.1 1.2 0.5 0.4 
2.2 4.2 0.0 1.0 

72 co 0.0 co co 
co 0.0 0o co 
2.2 1.1 2.0 4.0 

However/ 
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However, when an approximation for the amount of drug 

in the various organs, based on the average weights 

of the organs was made, and the analysis given in 

table 15, it was not possible to account for the 

difference between the dose given and the amount 

excreted in the urine. 

:excretion in the urine. 

i,_arshall and his co- workers (13,15), claimed to 

recover more than 90 per cent of trie dose given from 

the urine of mice and dogs and otewart,Rourke and 

Alan (29) published similar figures for man. 

riowever, r'uller (7) was able to recover from the 

urine of rabbits a part only of the sulphanilamide 

administered, and 3cudi and Katish (25) reported 

similar findings in the case of man. In similar 

studies on sheep, rabbits and mice, it was found that, 

by the time the amount of sulphanilamide in the urine 

had become too small to estimate, a part only of the 

dose given was recovered, table 17. 

TABLE 17./ 
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TABLE 1.7 

Recovery of total sulphanilamide from the urine. 

Species iiose Per Cent Time 
Recovery hours 

sheep 

ie 

tt 

tt 

Rabbit 
T, 

if 

ti 

. hous e 
tt 

It 

tt 

1120 80.8 ' 72 
1250 56.7 96 
2250 41.5 96 
1062 61.2 96 

100 66.9 72 
100 50.4 72 
100 78.6 96 
100 77.5 96 

1.0 79.5 72 
1.0 70.0 72 
1.0 72.0 45 
1.0 35.8 96 
1.0 56.0 48 

The incomplete excretion of the dose of 

sulphanilamide in the urine, did not prove that a 

part of the dose had been destroyed, as it may still 

have been retained in the body of the animal. 

hxperiments were then conducted to establish 

whether sulphanilamide was destroyed in the body. 

Destruction of sulphanilamide. 

lice injected intravenously with a solution of 

sulphanilamide were placed in individual metabolism 

cages. .hey were killed at intervals and the total 

amount/ 
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amount of sulphanilamide in the whole mouse and its 

excreta determined. The results are given in table 

18. 

TtLBLE 18. 

Destruction of sulphanilamide in the body. 

Time ho. of percentage Percentage Total 
tars. Obs. in body in excreta Recovery 

u 9 92.2 + 0.75 0.0 92.2 + 0.75 
1 
n 13 84.5 + 4.5 3.2 + 3.7 88.0 + 3.7 

1', 7 62.0 + 1.4 17.6 ± 6.8 79.4 + 5.4 
3 8 31.6 +- 4.4 33.2 + 3.5 65.0 + 3.9 
24 7 8.5 + 1.1 62.4 + 3.5 7U.9 + 4.0 
48 5 6.7 + 1.3 61.0 + 4.6 67.7 ± 4.9 

( standard error is expressed thus + ) 

These results showed a progressive destruction 

of sulphanilamide up to three hours after the 

injection, about thirty per cent of the dose was 

changed into a form not estimated by diazotisation 

even after hydrolysis. The loss of sulphanilamide 

all occurs during the first few hours while there is 

a high concentration in the body, it ceases when the 

concentration falls. This is shown clearly in 

figure 1. 
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Species difference. 

species difference is a problem with which the 

veterinarian is constantly faced, and as, in the 

course of the present investigation various species 

were studied, it was considered of interest to 

compare the metabolism of sulphanilamide in 

different species. 

cetylation. 

The degree of acetylation occurring in 

different species varied widely and a wide variation 

was noticed between different individuals in the 

same species. Table 19 shows the percentage of 

sulphanilamide acetylated by different species. 

The figures for man and dog were taken from the 

literature (7, 13, 30,), and the percentages were 

calculated from the quantities of free and total 

sulphanilamide obtained from the urine by the time 

excretion was complete. unfortunately the 

opportunity has not arisen to repeat the 

observations on the cow, but the striking nature 

of the result of the single experiment was 

considered to justify recording it. 

l'ABLE 19./ 
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TBLE 19. 

rercentage of sulphanilamide acetylated 

by different species. 

Species rercentage lo. of 
acetylated übs. 

liog 0.0 6 

Louse 18 + 4.4 (S.E.) lu 

ï.:an 44 + 4.4 (S.E. ) 10 

Sheep ,50 + 7.9 (S.E.) 5 

Rabbit 65 + 6.4 (S.E.) 11 

uow 95 1 

species difference in the rate of excretion of 

a drug is clearly shown when the rates of excretion 

of sulphanilamide from sheep and mice are compared, 

table 2o. The percentage excretion shown is the mean 

of at least 5 observations. 

TABLE 20 
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TABLE 20. 

Species difference in rate of excretion. 

Time 

Sheep 

Per Cent excretion 
Hrs. 

Teli c e 

3 7.4 + 2.4 33.2 + 3.5 

6 21.5 + 2.0 

24 45.1 + 6.5 62.4 + 3.5 

48 48.0 + 6.0 61.0 + 4.6 

72 58.0 + 6.6 63.0 + 4.0 

( Standard error is expressed thus ± ) 

Discussion/ 
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.0iscussion. 

The experiments described, clearly show that 

sulphanilamide is not evenly distributed through the 

body water of certain animals capable of acetylating 

the substance. Hence, as viaterhouse and Shannon (34) 

and Elkinton and laffel (4) were unable to confirm 

the claim of ivarshall(14) that sulphanilamide was 

evenly distributed through the body water of dogs, 

it seems probable that in no animal is this substance 

evenly distributed. It is, therefore, impossible 

to use this substance as a measure of the body water 

as claimed by rainter (18). The results obtained 

from the analysis of the rabbit tissues as well as 

showing an irregular distribution of the compound, 

demonstrated a tendency of several tissues to retain 

a quantity of this substance even seventy -two hours 

after the injection. 

Evidence from sheep, rabbits and mice supported 

the finding of Fuller (7), Scudi and Ratish (25) and 

Fisher and Haag (5), that excretion of sulphanilamide 

in the urine is incomplete. approximations for 

the amount of the dose retained by the tissues, did 

not account for the disparity between the dose given 

and the quantity recovered from the urine so the 

possibility of the destruction of a part of'the dose 

given/ 
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given was investigated. experiments on mice 

involving the estimation of the amount of 

sulphanilamide in the whole animal conclusively 

proved that, within three hours of the injection, 

a variable proportion of the dose given had been 

destroyed or changed into a form not estimated by 

diazotisation even after acid hydrolysis. indirect 

evidence of the formation of oxidation products of 

sulphanilamide has been provided by rdmington and 

remmings (21), and bybheiswell and vdilliams (27). 

The former authors found increased porphyrin 

excretion after the administration of sulphanilamide 

and as this occurred in the case of similar compounds 

with a free amino group and which formed, in the body, 

a hydroxylamine derivative, they suggested that a 

similar oxidation occurred with sulphanilamide. 

6helswell and Williams (27), showed a rise in the 

ethereal sulphate excretion following the feeding 

of sulphanilamide to rabbits. They suggested that 

one molecule of conjugated sulphate was produced by 

one molecule of sulphanilamide, and that 6 -12 per 

cent of the dose was converted into a hydroxy body. 

however, as yet, attempts to isolate the 

decomposition product or products of sulphanilamide 

have met with little success. 

xcetylation in rendering sulphanilamide less 

active/ 
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active k2) and more toxic k15) is a process of some 

therapeutic significance. the degree of 

acetylation varies widely between species, and even 

between various individuals within the species, 

ínlormation about the variation in acetylation 

bear een the different species is of Particular 

interest to those concerned with veterinary 

therapeutics and should be taken into account when 

treating diseases in the various species with 

sulphanilamide. It has also been shown that as 

well as.feetylation, a second process operates 

in the body resulting; in a further loss of 

sulphanilamide. 



bummary. . 

1. 
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. ratton and 1._arshall's method (1) for 

the determination of sul-chanilainide was 

examined and satisfactory modifications 

adopted for the estimation of this substance 

in the body fluids and tissues. 

2. calculated volumes of distribution for 

sulphanilamide became impossibly great, and 

could not be explained on a hypothesis of an 

even distribution through the body water. 

3. i4stimations of the sulphanilamide content 

of rabbits' tissues, made at intervals after 

intravenous administration, showed an 

irregular distribution and a tendency for 

certain tissues to fix the substance. 

4. .st part only of the dose given could be 

recovered from the urine of sheep, rabbits 

and mice. 

5. It was shown that about 3c per cent of 

the drug was changed in the body into a form 

not estimated by diazotisation even after 

hydrolysis. 

6. In a comparison of the degree of acetyl - 

-ation occurring in the various species, it was 

found that this process varied from the dog 

which did not acetylate sulnhanilamide, to the 

cow acetylating 95 per cent of the compound. 
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Introduction. 

diany substances of great physiological 

importance are present in the tissues in such small 

quantities that it is difficult or even impossible to 

use chemical methods for many experiments on these 

substances. rharmacological methods can, however, 

be conveniently employed in the study of such 

substances as they are usually much more sensitive 

than chemical methods. 

x pharmacological method for the detection and 

estimation of an active substance depends in the 

first instance on the discovery of a suitable 

pharmacological response of a biological preparation, 

specific for the substance under investigation. It 

is, however, difficult to obtain a specific response 

and other steps have to be taken to obtain 

specificity. ±'or example, the preparation may be 

rendered insensitive to interfering substances or 

more sensitive to the substance being studied, and 

suitable chemical and physical methods may be used 

in preparing the active extract so that interfering 

substances are removed or destroyed. 

±further proof of the identity of a substance may . 

be obtained by performing assays of the substances on 

several/ 



49. 

several biological preparations, all of which should 

agree quantatively if the substance assayed is in fact 

the substance believed to be present and not merely 

a substance with some similar properties. The great 

value Of parallel quantative assays was shown by 

Chang and Gaddum (12) in their studies on 

acetylcholine. Other confirmatory tests of identity 

may be employed such as the destruction of a purified 

extract by means of a specific enzyme and the 

possibility of the biological response being due to 

the presence of inorganic salts may be eliminated by 

showing complete loss of activity of the extract on 

ashing. A full discussion of the methods and 

principles of pharmacological analysis is given by 

Gaddum (25). 

Pharmacological analysis is of great importance 

in the identification of new active substances and 

in obtaining accurate information about known 

substances of this type. These methods are of 

particular interest when applied in pathological 

conditions. For example, Diaz and his co- workers (21) 

were able to demonstrate the presence of a substance 

resembling acetylcholine in the urine of patients 

suffering from migraine. This substance was not 

present/ 
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present before or after the attack. Of greater 

interest has been the association of histamine with 

various pathological conditions, and it is with this 

substance that the present study is especially 

concerned. 

In 1910, Barger and Lale (2) published the 

first account of the physiological properties of 

1, ( 3iminazolyl - ethylam.ine),a substance now 

known as histamine. This substance has since 

stimulated a large amount of work, most of which is 

summarised in monographs by r "eldberg and Shilf (24) 

and Gaddum (25) and in a review by Best and IicHenry 

(10). Histamine is normally present in nearly 

all the tissues (8, 19, 49.) and is undoubtedly 

associated in some way with several pathological 

conditions (4, 32, 33, 37). In particular, 

attempts have been made to correlate the actions of 

histamine with the symptoms occurring in traumatic 

shock, anaphylactic shock and acute intestinal 

obstruction. the similarity between histamine 

intoxication and anaphylactic shock was first 

suggested by Lale and Laidlaw (16), and a full 

discussion of histamine shock was given in a later 

paper by the same authors (18). A great deal of 

work has since been devoted to the connection 

between histamine and anaphylaxis; a review of this 

was/ 
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was recently given by reldberg. (23). 

The state of shock which occurs in patients 

suffering from extensive burns has much in common 

with the shock produced by large doses of histamine 

and it has been thought that the shock is caused by 

an actual liberation of histamine from the burned 

tissue. riowever, this theory has not yet been 

substantiated. Indeed, although evidence has been 

presented to show that shock in burns is due to the 

liberation of a toxic substance, many workers 

reject this idea. The first to claim toxic 

properties for the blood of burned animals was 

avadakoff in 1876, (1); In 1893, Reiss (45) claimed 

that extracts of burned skin were toxic to guinea pigs 

and mice, he concluded that the toxic substance was a 

pyridine base. r'urther support for the toxic theory 

was given by rarascandolo,(43), rfeiffer, (44) and 

Stockis (48). 

Work during the last two decades has not 

clarified the position. In 1923, Robertson and 

Boyd (46) reported the finding of a burn toxin from 

burned skin, but in 1931, Underhill and L.apsinow (50) 

showed that extracts of normal skin were just as toxic. 

evidence against toxin theory of shock has been 

presented by Harrison and x3lalock (31) , but many other 

workers (6, 11, 40) still support this theory. 

The/ 
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The incrimination of histamine as the toxic 

substance produced after burn injuries is, by no 

means complete, although much suggestive evidence 

has been presented. iagemitu (41) found a 

histamine -like substance in the serum perrusing the 

burned limbs of dogs and rabbits. ... rise in the 

blood histamine of burned patients has been shown by 

barsoum and (addum (4) and °ode and Liacdonald (15). 

Lambert and itosenthal (35) found an increase in the 

histamine content of burned skin. .n. extensive 

study of the histamine content of various organs of 

dogs was undertaken by rdsima (34), who found an 

increase in their histamine content after burning 

the skin of these anirnls and Bennet and Drury (5) 

showed that a substance like histamine was 

liberated from a rabbit's heart after this organ was i 

burned. however, the relationship between histamine . 

and shock produced after burn injuries is still 

uncertain. 

while, as yet, there is no conclusive evidence 

of histamine being the causal agent in any 

pathological state, disturbances of histamine 

metabolism are undoubtedly associated with many such 

conditions. 

The metabolism of histamine has probably 

received less attention than any other aspect of 

it's/ 
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it's pharmacology. Dale and Laidlaw (16) found that, 

after the administration of 150mg. of histamine 

subcutaneously to a cat, none could be detected in 

the urine. This suggested the presence of a 

detoxication mechanism in the body and attempts were 

made to demonstrate this.. however, perfusing the 

liver with histamine in the perfusing fluid only remov{: 

-ed a small fraction of the substance (17). Oehme 

(42) found that histamine was not excreted in the 

urine but was destroyed in the body. In 1925, 

Leiter (36) studied the metabolism of several 

iminazole compounds but did not include histamine; 

he found that these compounds were rapidly removed 

from the blood and concluded that the body possessed 

a mechanism for destroying compounds of this type as 

he was unable to recover many of them from the 

excreta. however, he showed that iminazole itself 

was practically all excreted in the urine. 

In 1929, hest (7) obtained evidence of an enzyme 

being responsible for the destruction of histamine in 

the body. A dry stable powder with this property 

has since been obtained and the active agent called 

histaminase (9). 

In a study of the fate of histamine in the body, 

iacGregor and neat (38) perfused various organs with 

blood containing histamine and they showed that large 

quantities/ 
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quantities were removed by the kidney and lungs. 

They also found that when the kidney was perfused 

some histamine appeared in the urine. This finding 

is very interesting in view of the failure of 

previous workers to show the excretion of histamine 

in the urine (16, 42) . i)ragstedt and ic.ead in 1935, 

(22) studied the clearance from the blood of 

intravenously injected histamine and found that it 

was rapidly removed. These authors assayed the drug 

by means of the effect produced on the cat's blood 

pressure and they were unable to detect concentrations 

of less than 5,ag/ml. However, the introduction of 

an improved method for the estimation of histamine 

in blood (3) enabled Rose and Browne(47) to study 

more exactly the fate of histsriine after intravenous 

injection. 

The object of the present investigation was to 

study the metabolism of histamine with a view to 

associating changes in the metabolism with certain 

pathological conditions. 
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l,iethods . 

Estimation of histamine. 

Histamine is comparatively easy to extract from 

the tissues, and various simple procedures have heen 

adopted for this purpose. laethods involving the 

extraction with ethyl alcohol (9), boiling 

hydrochloric acid (29), electrodialysis (39) and 

trichloracetic acid (26) have been used with some 

success. The method adopted for the purpose of the 

present investigation was a slight modification of 

the one originally described by Barsoum and (Jaddum 

(3). This method involved the extraction of 

histamine with trichloracetic acid and was used 

originally in the estimation of the histamine 

content of blood. The histamine content of the 

extract was measured by means of a biological assay. 

1.-reparation of extract. 

The Barsoum and (saddum method (3) for the 

estimation of histamine in blood was investigated, 

and it was found necessary to adopt the modification 

of the method used by Uode (13). The details of 

the method were as follows:- lOccs. of blood 

were run into 15ccs. of 10 per cent trichloracetic 

acid, allowed to stand for one hour, then filtered, 

using/ 
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using a Buchner funnel and pump. The protein 

precipitate was washed three times with successive 

quantities of 5ccs. of 10 per cent trichloracetic 

acid, and sucked completely dry between each washing. 

It was very important to make sure the precipitate 

was quite dry between each washing. The filtrate 

and washings were transferred to a small round - 

bottomed flask and lOccs. of concentrated hydro - 

-chloric acid added. The flask was fitted with a 

straight air condenser and heated one and a half 

hours on a boiling water -bath. she condensers were 

then removed, replaced with distilling heads and the 

hydrochloric acid removed by suction. ,hen the 

volume inside the flask was reduced to about 5ccs., 

lUccs. of absolute alcohol were added and the flask's 

contents taken to complete dryness. n second luccs. 

of alcohol was introduced into the flask and again 

removed by suction. The residue in the flask was 

extracted three times with successive small volumes 

of distilled water and the extracts filtered. The 

filtrates were then neutralized with 2N sodium 

hydroxide to the same pd. as Tyrode's solution, using 

"Universal" indicator, they were then made up to a 

known volume with distilled water. 

In this method it will be seen that the 

following active substances were eliminated, choline 

and its derivatives by the use of atropine, adenosine 

compounds/ 
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compounds, kallikrein and substance "P" by the 

boiling with hydrochloric acid. 

method for tissues. 

The method of .öarsoum and uaddum (3), even as 

modified by code (13) is not rapid., the filtering 

and washing of a protein precipitate being a time 

consuming process. In the proposed research the 

estimation of the histamine content of various 

tissues formed a considerable part of the work and 

it was thought possible that the method of Best 

and McHenry (9) would be more convenient for this 

purpose. This method seemed to provide a simple 

and rapid way of extracting the histamine from 

tissues. however, controlled experiments were 

carried out using this method and the results 

obtained were unsatisfactory, the method was then 

discarded. 

The modified .Garsoum and uaddum method was 

found satisfactory for the estimation of histamine 

in tissues. The tissues were extracted by grinding 

weighed quantities with 10 per cent trichloracetic 

acid in the proportion of 15ml. acid to 10gm. of 

tissue, the estimation was then carried out in the 

manner described previously. however, the method 

still involved the tedious filtering and washing of 

the/ 
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the protein precipitate, and as the study of the 

histamine content of tissues involved the estimation 

of comparatively large quantities, the following 

modification was adopted; proteins were precipitated 

with lu per cent trichloracetic acid, 157111. acid to 

lugm. tissue, filtered by gravity and an aliquot of 

the filtrate taken.. The aliquot was then treated 

in the same way as the filtrate and washings of the 

precipitate in the modified 1arsoum and Gaddum method, 

(3, 13). Satisfactory results were obtained in 

controlled experiments using this modification and 

the aliquot method was used throughout the present 

investigation. Although the loss of material 

involved in taking an aliquot appeared to be a 

disadvantage when very small quantities of histamine 

were present, concentrations of the order of u.02 g/ml. 

blood were estimated and consistent results obtained. 

It was necessary, when low concentrations or histamine' 

were expected, to take as large an aliquot as possible. 

Assay of extract 

.gin biological assays the effect produced on a 

biological preparation by an extract of an active 

substance is compared with the effect on the same 

preparation by a standard solution of the same 

substance. ùdhen a match is obtained between the 

effects of the solutions of the known and unknown 

strengths/ 
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strengths, the sale quantity of active substance 

is present in the two volumes of known and unknown 

solutions used. hence, the amount of active 

substance in the solution of unknown strength can be 

calculated. It is obvious that since several 

substances exert similar biological effects, 

precautions must be taken to 0,iminate active 

substances other than that under investigation. the 

effect most commonly used to assay histamine is that 

produced on the cat's blood pressure, although the 

effect on the guinea pig uterus (51) and guinea pig 

intestine (2?) may be employed for the same purpose. 

The guinea pig intestine is especially suitable for 

the estimation of very small quantities of histamine, 

being very sensitive, responding to a concentration of 

1 / 1,000,000,000 of histamine. It has also a very 

quick response. ror the purposes of the present 

investigation both the cat's blood pressure and the 

guinea pig's intestine used. 

The cats were prepared in the following manner. 

general anaesthetic was administered, ether being 

used in early experiments but was later replaced by 

sodium pentobarbitone. 'he latter anaesthetic was 

found to be much more convenient. It gave a more 

even blood pressure and did not require any attention 

after being administered. iodium pentobarbitone was 

given either by intravenous or interperitoneal 

injection/ 
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injection, a dose of 37.5mg. /kg. was found most 

satisfactory. It was found safer to administer the 

dose slowly, and a series of nearly fifty animals 

were treated in this manner without any fatality. 

The skin over the trachea was incised, the trachea 

dissected out, an opening made into it and a suitable 

cannula inserted. The vagus and cervical sympathetic 

nerves on each side were sought and severed. A 

careful dissection was then undertaken to separate the 

carotid artery on one side, from the ensheathing 

fascia and a length of the artery exposed. A 

ligature was tied at the cranial end of the exposed 

artery and bull -dog artery forceps applied to the 

most caudal part. The artery was opened, a cannula 

inserted into the opening and connected to a mercury 

manometer fitted with a writing point. the skin over 

the thigh was incised and the femoral vein dissected out. 

This vein was ligated at it's distal part and the 

tributaries to the isolated portion tied off. 1.he 

vein was cannulated and connected with a pipette by 

a short piece of pressure tubing, so that injections 

could be conveniently given into this vein. 

Atropine was given in a dose of lm.g. /kg. before 

the assay started. Alternate injections of histamine 

and the unknown extract were given into the femoral 

vein, each injection being washed in by a constant 

volume of 2ccs. of normal saline. An interval of 

three/ 
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three minutes was allowed between each injection. 

The injections were carried out until a match was 

obtained between the standard histamine solution 

and the unknown extract. 1-1. typical assay by this 

method is shown in figure, 1. 

r'igure 1./ 
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rigure 1. 

Assay of histamine on cat's 

blood pressure. 
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The guinea pig's intestine was prepared in the 

following manner. The animal was deprived of food 

for at least twelve hours before use, killed by a 

blow on the head, bled from the jugular vein and the, 

ileum removed. The best portion of ileum for this 

purpose was found to be the portion nearest the 

ileo- caecal junction. The ileum was washed in 

Tyrode's solution and a small piece one to one and 

half inches long suspended in Tyrode's solution in 

bath of 2cc. capacity. The gut was attached to a 

suitable lever axid allowed to record on a smoked 

drum. 

a 

The bath was thermostatically controlled and 

could be quickly emptied and filled with fresh 

'Lyrode's solution. Standard histamine solution 

and the unknown extract solution were added to the 

bath alternately at intervals of two minutes, half 

a minute was allowed for the gut to contract, half 

a minute to wash out the bath, and one minute to rest 

before the next injection. x regular time -table 

enabled more consistent results to be obtained. The 

possibility of the contraction being caused by 

choline o1 a choline derivative, was eliminated by 

introducing a concentration of 1 /10,000,000 

atropine into the bath. x typical assay is shown 

in figure 2. adhere possible parallel quantative 

assays were performed and the additional confirm- 

atory test for histamine of showing the abolition 

of the effect on the guinea pig's intestine 
after/ 

r 
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after the adrinistration of a very large dose of 

histamine, G-5). 

lFigure 2. 

1 -essay of histamine on isolated 

guinea pig's gut. 
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Procedure. 

xis it was desired to study the clearance or 

histamine from the body, it was considered advisable 

to administer as large a dose possible in order to 

reduce the error caused by the variation in the 

normal histamine content of the animal's tissues, to 

a minimum. iviice were selected for this purpose as 

they are very resistant to histamine. 

The mice were killed by a blow on the head, then 

divided into three fractions, the whole skin, the 

entire alimentary canal, and the rest of the body. 

The histamine content of each fraction was estimated 

separately and summation of the three estimations gave 

the amount in the whole body. 

lifter determining the normal histamine content of 

mice, a series of animals were injected intravenously 

with a large dose of the drug, 3mg. being given to 

each mouse. They were placed in suitable metabolism 

cages and killed at fixed intervals after the injection. 

Each animal was divided into the three fractions 

described and itts excreta collected. The histamine 

content of skin, alimentary canal, rest of body, and 

excreta was determined. As these experiments showed 

the excretion of some histamine, it was necessary to 

investigate this observation in some detail. IL 

Metabolism cage was constructed so that the urine and 

aeces could be obtained separately. 

This/ 
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This cage was made by cutting two bottles of 

suitable size, so that one would iit within the other. 

The floor was made from a piece of "rerspex" drilled 

with a large number of holes. úlass bulbs were 

blown and the various Darts assembled as shown in the 

diagram, figure 3. 

The mice were injected intravenously, their 

excreta collected and the histamine content of the 

urine and faeces estimated. It was thought that 

some destruction of histamine night take place due to 

bacteria in the collecting vessel and to obviate this 

chloroform was placed in the receptacles but it was 

found that similar results were obtained when no 

antiseptic was used as when an antiseptic was present. 

r'igure 3/ 
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Figure 3. 

" - 

Mouse metabolism cage for separation 

Of urine and faeces. 
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xesults. 

xn accurate method for the estimation of histamine 

was necessary before satisfactory experiments to 

determine the fate of tnis substance in the body 

could be conducted. The modified Barsoum and 

Gaddum method was investigated fully and a 

modification of this method which gave accurate 

results, was used throughout this investigation. 

In order to test the accuracy of the method, 

known amounts of histamine were added to various 

tissues and\the histamine content of the tissue was 

estimated before and after this addition. xt least 

two aliquots of tissue were taken as blanks and 

these controls never differed by more than ten per 

cent. The recoveries of added amounts of 

histamine from blood by the modified ijarsoum and 

-Gaddum method are shown in table 1. 

Table 1. / 
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Table 1. 

Recoveries of added amounts of histamine 

from blood. 

Amount .mount t er Uent 
Added Recovered error. 

1.04'g/ ml. 1. u3yAg/ml . 3 
1.00 st 0.75 " 25 
1.00 " 1.03 " 3 
1.00 " 1.10 " 10 
1.00 rr 0.90 " 10 
1.00 " 1.1u " 10 
1.00 " 1.03 " 3 
1.00 " 0.98 " 2 
1.00 " 0.92 " 8 
0.05 t: 0.05 " 0 

0.05 " 0.055 " 10 

Mean 7.6 + 2.2 

Best and ivicHenry's method for the estimation of 

histamine in tissues was investigated in a similar 

way. This method did not give satisfactory 

results, table 2. 

'fable 2. 

Recoveries of added amounts of histamine 

by thé best and Ivicfenry method. 

Amount Amount rer Cent 
Added Recovered Lrror. 

1.00/4g/gm. 0.64/Ag/gm. 36 
2.50 " 1.90 " 24 
2.50 " 1.50 " 40 
2.50 " 2.00 " 20 
2.50 " 1.80 " 28 

Mean 29.6. t 1.52. 
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The modified barsoum and Gaddum method for the 

estimation of histamine in blood was then applied to 

tissues with satisfactory results, table 3. 

Table 3. 

Recoveries of added amounts of histamine 

from tissues lz the modified barsoum and Gaddum method. 

Amount Amount Per Uent 
Added Recovered Error 

1.0}4g/gm. 09»g/ gm. 10.0 
1.0 " 0.9 " 10.0 
1.0 TT 1.1 tt 10.0 

10.0 tt 10.0 't 0.0 
10.0 It 10.0 " 0.0 
10.0 " 10.0 It U.0 

'mean 5.0 + 2.2 

AS this method involved the filtering and washing 

of a protein precipitate which was a time consuming 

process, a quicker modification was introduced. 

Aliquots of the protein free filtrate were taken and 

treated in the same way as the blood filtrate, 

satisfactory recoveries were obtained by this method, 

table 4. 

Table 4/ 
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Estimation of histamine by the aliquot method. 

Amount .mount rer Uent 

Added Recovered Lrror 

5 . U 0pg/ gm.. 5.6 µg/ gm. 12 

5.00 " 5.60 " 12 

2.50 " 2.80 " 12 

2.50 " 2.80 " 12 

2.50 tt 2.40 IT 4 

2.50 " 2.40 Y' 4 

1.00 Tr 1.02 " 2 

1.00 ,t 1.03 " 3 

1.00 " 1.08 " 8 

mean 7.7 

The distribution of histamine in normal mice. 

Normal mice were killed by a blow on the head, 

divided into three parts, the entire skin, the whole 

alimentary tract and the rest of the body. The 

histamine content of each part was determined and the 

results obtained given in table 5. 

`cable 5. 

histamine content of normal mice. 

Mouse Amount in 1Jer Cent Per Cent Per Cent Vit. 

io. whole body in skin in gut in rest gm. 
of body 

1. 188.3)g. 74.5 4.0 24.0 36 
2. 294.2 60.0 2.8 37.5 37 
3. 334.2 " 65.0 2.5 32.0 37 
4. 407.3 " 69.0 1.9 29.0 37 

The/ 
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The most interesting point illustrated by these 

figures was the amount of histamine contained by 

the skin, the greater part of all the histamine in 

the body being present in this organ. AS, in 

future experiments, it was necessary to make 

allowance for the normal histamine content of the 

mouse tissues, the mean histamine content per gram 

of tissue was calculated, table 6. 

Table 6. 

-flean histamine content of mice tissues. 

raouse skin uut Rest of 
No. pody 

1. 21.5pg/ gm. 1.6}E/ gm. 1.8Ag/ gm. 
2. 25.1 " 1.5 It 4.5 " 

3. 31.4 " 1.5 " 4.3 " 

4. 42.v ,r 1.6 " 4.5 " 

ieiean 30.0 " 1.5 " 3.7 

I1 series of mice were injected intravenously 

with 0.5cc. of a solution of histamine containing 

6.Omg. /cc. Estimations of histamine in the various 

fractions of these mice were made at fixed intervals 

following the injection. 

When the animals were killed immediately after 

receiving / 
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receiving the injection, it was found that almost all 

the dose could be recovered. animals allowed to live 

for longer periods yielded amounts which decreased 

as the time interval increased, and twenty -four hours 

after the injection, almost all the histamine given 

had been removed from the body. l'he results of 

these experiments are given in table 7. The figures 

were obtained by subtracting the normal histamine 

content of the tissue shown in table 6 rrom the 

amount obtained by analysis of the tissue at various 

intervals after the injection. 

"able 7/ 
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sable 7. 

Clearance of histamine from the whole mouse. 

Time 
hours 

wwercentage dose 
recovered 

Lose Riven 
iAg./ gm. 

O 84.7 88 
O 102.7 72 

O 97.4 85 

O 83.0 80 

Mean 91.9 

1 86.0 66 

1 88.9 79 

1 84.5 96 

1 57.5 70 

Mean 79.2 

2 47.0 80 

2 56.4 100 
2 37.2 85 

2 19.2 98 
Mean 40.0 

3 75.2 86 

3 15.3 75 

3 9.6 67 

3 d1.2 107 
Mean 37.8 

5 25.4 91 

5 24.3 140 
5 39.0 125 
5 16.0 85 

Mean 26.2 

24 0.1 88 

24 0.0 75 

24 11.7 87 

24 1.0 67 

24 3.0 107 
Mean 3.2 

These results are presented graphically in 

figure 4./ 
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rigure 4. 

Clearance of histamine from the whole mouse. 
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The distribution of the drug in the skin, 

alimentary canal, and rest of the body at various 

intervals after administration, is shown in table 

8. It will be seen from this table that histamine 

was distributed very rapidly, a moderate percentage 

of the dose being present in all parts immediately 

after the intravenous injection. 

Table 8/ 
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'fable 8. 

Distribution of histamine. 

Time 
Skin 

Per Oent dose present. 
Rest Lours U-ut 

0 4.7 26.4 52.8 
0 7.2 8.1 85.1 
0 2.8 6.0 87.5 
0 7.5 6.3 68.1 

1 0.0 7.5 81.4 
1 7.9 41.3 39.0 
1 13.1 9.1 58.8 
1 7.2 6.3 44.0 

2 9.4 6.4 31.1 
2 13.7 6.8 22.5 
2 17.8 14.3 5.0 
2 2.1 6.3 10.9 

3 22.0 20.0 32.4 
3 11.3 12.8 50.8 
3 0.0 6.4 11.8 
3 1.3 9.8 30.8 

5 1.7 12.3 15.6 
5 0.7 8.6 15.1 
5 8.5 5.7 24.7 
5 0.5 6.0 11.2 

24 0.0 0.1 0.0 
24 0,0 0.0 0.0 
24 1.0 1.3 9.4 
24 0.0 0.6 0.4 
24 0.7 0.3 2.0 

Analysis/ 
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Analysis of the excreta of the injected animals 

showed the presence of quite an appreciable amount of 

histamine, table 9. 

'cable 9. 

Lxcretion of histamine 

(Urine and faeces combined) 

Lose 
Time i lean 
Hours rer cent 

excreted 

iumber of 
observations. 

1 2.2 3 
2 3.5 2 

3 3.0 3 
5 27.9 4 

24 32.7 3 

The amount of histamine excreted normally by mice 

was found to be very small, table 10, hence the 

results obtained after the injection of large amounts 

were not confused by the normal excretion. 

Table lU. 

Normal histamine excretion 

(Urine and faeces combined) 

Mouse Amount Time 
ixcreted Hours 

2.0 .'g. 24 
2 1.2 ` -' 24 

3.0 it 24 
3.5 " 24 

5 1.0 It 24 
6 1.5 " 24 
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In these experiments no attempt was made to 

separate urine from faeces and as several authors 

(16, 28, 42) had previously found that histamine 

was not excreted in the urine, it was considered 

important to investigate this observation more 

closely. .n apparatus was devised so that the 

faeces and urine of the mice could be separated, 

figure 3. 

l :lice were then injected intravenously with a 

solution of histamine, their excreta collected, 

and the histamine content of faeces and urine 

estimated. Chloroform was placed in the collecting 

vessels to eliminate the formation or destruction 

of histamine by bacteria, but it was found that the 

results obtained with and without antiseptic 

precautions did not differ. 

The experiments involving the separation of 

faeces and urine clearly showed that a large part 

of the dose given was excreted in the urine. This 

finding was contrary to the observations of earlier 

workers (16, 28, 42) but had some confirmation in 

the work of MacGregor and teat (38) who were able to 

show histamine in the urine obtained from a kidney 

perfused with blood containing large quantities of 

the substance. The results of the experiments 

involving the separation of the faeces and urine of 

mice injected with histamine are given in table 11. 

Table 11/ 
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Table 11. 

The Excretion of histamine. 

Mouse Bose rer Uent excreted Time 
r'aeces urine hours 

1 3.0mg. 0.4 18.6 24 
2 3.0 " 0.8 7.0 24 
3 3.0 " 3.0 43.7 24 
4 3.0 7.0 71.1 24 
5 3.0 2.3 24.2 24 
6 3.0 1.5 84.6 24 
7 3.0 3.6 47.8 24 
8 3.0 0.3 4.6 24 

Mean 2.3 3 7 . 7 

It was then shown that a second process was 

involved in the clearance of histamine from the body. 

Experiments were performed in which the histamine 

content of mice and their excreta was determined and 

a balance sheet prepared, table 12. These results 

were also plotted graphically, figure 5. This 

figure shows the relationship between the amount of 

histamine in the body and the amount excreted, an 

indication of the rate of excretion is also shown. 

Table 12./ 
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Table 12. 

Balance sheet showing total recovery 

of injected histamine. 

Time alean percentage recovery. 
hours 

Mouse Excreta Total 

0 91.9 0 91.9 
1 79.2 17 96.2 
2 40.0 29 69.0 
3 37.8 29 66.8 
5 26.2 34 60.2. 

24 3.2 38 41.2 
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Figure 5. 

Relationship between amount in body 

and amount excreted. 

0 6 

hours. 
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Discussion. 

Various methods for the estimation of histamine 

were considered and although the method of iíest and 

hicHenry (9) has been the method most commonly used 

for the estimation of histamine in tissues, it was 

found to be unsatisfactory and a modification of 

the .darsoum and Uaddum method (3) used. The 

modified method was found to be accurate, and far 

less time consuming than the original method. 

It had, perhaps, the disadvantage of being less 

convenient where very small quantities of histamine 

were involved, this disadvantage did not, however, 

apply to the estimation in tissues. 

the present investigation was an attempt to 

study the metabolism of histamine with a view to 

associating changes in metabolism with certain 

pathological conditions. iiefore changes in the 

metabolism of this substance in pathological states 

could be studied, it was necessary to study the 

normal metabolism. mice were used as the 

experimental animals because of their resistance to 

large doses of histamine and general convenience. 

The skin and alimentary canal were studied 

separately from the rest of the body, the skin was 

taken because of it's association with so many 

interesting phenomena possibly connected with the 

release/ 
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release of histamine (37) and the alimentary tract in 

order to investigate the excretion of histamine by the 

gut. 

although the presence of high concentration of 

histamine in the skin had been previously 

demonstrated by harris (30) the presence in this 

tissue of more than seventy per cent of the total 

histamine in the body was a surprising observation. 

The metabolism of histamine in the body has 

received much less attention than other aspects of 

its pharmacology and since it has been convincingly 

demonstrated that histamine is liberated in certain 

anaphylactic conditions (14, 20), a study of the fate 

of this freed substance is of more than a little 

importance. 

It has been shown by several authors (16, 22, 

28, 42) that histamine, having been injected into 

the blood stream, disappeared rapidly from the 

blood. The experiments described in the earlier 

part of this work showed that an intravenously 

injected dose of histamine was rapidly distributed 

to all parts of the body. Rose and xirowne (47) 

found that, injected histamine was taken up by the 

tissues of the rat and especially by the kidney. 

iiacuregor and reat (38), in experiments involving 

the perfusion of certain organs with blood 

containing high concentrations of histamine showed 

that large quantities were removed by the kidney, 

lung/ 
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lung, liver and limb. They found only a slight 

rise in the normal histamine content of the 

tissue after ther perfusion. in the experiments 

on mice the half clearance time for the whole 

animal was found to lie in the region of one and a 

half hours after the injection, Rose and Browne 

(47), in a study of the clearance of histamine 

from various organs of the rat gave a somewhat 

faster rate of clearance, although their results 

for the alimentary tract agreed fairly closely with 

the findings of this investigation. The clearance 

from the alimentary tract was slower than from 

any other part of the body, a considerable part of 

a large dose of histamine remained in this organ 

for as long as three to five hours after 

administration. This evidence might indicate the 

possibility of some histamine being excreted by 

the gut and although in the experiments involving 

the separation of urine and faeces, very little 

was excreted in the faeces, this route could not 

entirely be discounted as a means of 

excretion/ 
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excretion, as it vúis possible that, histamine, having 

been excreted into the gut,was destroyed by 

intestinal bacteria. 

In the course of the experiments on the fate of 

injected histamine in mice, it was shown that a 

considerable part of the dose given was excreted in 

the urine. This observation was of considerable 

interest as several previous authors (16, 27, 42) had 

found that even after the administration of large 

doses of this substance, none could be detected in the 

urine. dome indications that, under certain circumst- 

ances, histamine could be excreted by the kidney had 

been given by certain authors, ror instance, 

iacGregor and reat (38) showed the presence of !, 

histamine in the urine obtained from the kidney 

when perfused with blood containing high 

concentrations of this substance and kapeller -.dler 

(32, 33) found histamine in the urine of patients 

with abnormal pregnancies, her evidence for the 

presence of histamine was based on a chemical test. 

The observations on the excretion of histamine were 

therefore, of some interest and it was possible to 

show the excretion in the urine of more than thirty 

per cent of a large dose of this substance. .Wurther 

experiments showed that very little histamine was 

excreted normally. When a balance sheet was 

prepared/ 
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prepared for the amount of histamine injected in mice 

and the relationship between the amount in the mouse 

and the amount in the excreta studied, it appeared 

that a large dose of histamine was removed partly 

by excretion , partly by some other mechanism. it 

appeared that histamine was only excreted in the 

urine whilst a high concentration was present in 

the tissues. 'lhe second clearance process operated 

continually as the entire dose was removed within 

twenty -four hours of administration. in view 

of the evidence obtained from these experiments, it 

appears that the presence of moderate amounts of 

histamine in the urine indicate much higher 

concentrations having been present in the body. 

it appears probable therefore, that the presence 

of histamine in the urine may be of pathological 

significance. 
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Summary. 

The methods for estimating the histamine 

content of blood and tissue were studied and a 

simpler procedure adopted. 

The histamine content of normal mice was 

determined and it was found that over seventy per 

cent of all the histamine in the body was contained 

in the skin. 

Large doses of histamine were injected 

intravenously in mice and the clearance from the 

whole animal studied. The time of half clearance 

from the whole body was one and a half hours. 

From the large part of the dose present in 

the skin and gut immediately after injection,it 

appeared that histamine was rapidly taken up by the 

tissues. 

A part of a large dose of histamine,given to 

mice,was excreted in the urine, the faeces 

contained little more than was normally present. 

Excretion only took place whilst a large 

concentration was present in the body. 
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