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problem are being carried out in this labora- 
tory using inbred strains. 

Previous work on the carmine storage in 
mice of inbred strainsg demonstrated an in- 
ferior reticulo-endothelial storing ability in 
animals of the C3H strain as compared with 
CS7 blacks. Although the origin and the 
significance of natural antibodies, such as 
the antisheep agglutinins studied in the 
present report, is not yet understood, there 
is considerable evidence in support of the 
part played by the reticulo-endothelial system 
in their production. In addition to the pre- 
viously reported depression of the storing 
capacity of reticulo-endothelial tissues, the 

Q Stern, K., PROC. SOC. EXP. BIOL. -4m MED., 
1948, 87, 315. 

present study suggests impairment of the 
reticuloendothelial system in relation to the 
production of natural antibodies in some 
mouse strains with high spontaneous mam- 
mary cancer incidence as compared with the 
resistant C57 black strain. 

Summary. Heteroagglutinins for sheep 
erythrocytes were studied in the serum of 4 
inbred mouse strains. Antisheep agglutinins 
were present much more frequently and in 
significantly higher titers in C57 black than 
in C3H, dba, and Marsh-albino strains. Some 
properties of the sheep agglutinins were 
studied. No such differences were found in 
the distribution of heteroagglutinins for 
human red cells in the different strains. The 
possible significance of these findings was 
discussed. 
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Anrep and coworkers reported that a hista- 
mine derivative appeared in the urine of 
various animals and a human subject after 
oral adhlinistration of histamine. This hista- 
mine derivative was inactive when tested on 
the isolated guinea pig ileum, but after acid 
hydrolysis of the compound a typical hista- 
mine response could be elicited. Injection of 
histamine was not followed by increased ex- 
cretion of the derivative. Liver or intestine 
were suggested as likely sites for the conjuga- 
tion of the ingested histamine? Rosenthal 
and, Tabor recently made the important ob- 
servation that the chemical behavior of the 
urinary histamine derivative resembled that 
of acetyl histamine [4(P-acetyl aminoethyl) 
imidazole] ? 

IAnrep, G. V., Ayadi, 36. S., Barsourn, G. S., 
Smith, J. R., and Talaat, M. M., J .  Physiol., 1944, 
108, 155. 

2Ibsentha1, 8. Y., and Tabor, H., J .  Pharm. 
and Exp. Therap., 1948, Sa, 425. 

I__ 

The purpose of the present investigation 
was to test whether or not the histamine de- 
rivative is actually identical with acetyl hista- 
mine and to discover the origin of the com- 
pound in the body. The experiments de- 
scribed below present evidence, obtained by 
paper chromatography, for the identity of the 
histamine derivative with acetyl histamine and 
show that this compound appears in the feces 
as well as in the urine after oral administra- 
tion of histamine. I t  is further shown that 
histamine is rapidly acetylated when added 
to fresh but not when added to previously 
autoclaved feces. Lastly, some common fecal 
microorganisms are shown to produce traces 
of acetyl histamine from histamine. The evi- 
dence obtained1 suggests that ingested hista- 
mine is acetylated within the intestinal con- 
tents from which it is partially absorbed and 
excretect by the kidneys. The methods en- 
ployed are modifications of those previously 
developed for the identification of histamine 
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in  blood.3 
Separation of acetyl histamine from related 

substances. A mixture of 10 pg of histidine, 
10 pg of histamine and 10 pg of acetyl hista- 
mine was applied to 2 paper strips (Strips 1 
and 2, Fig. 1) and the individual substances 
to separate strips (Strips 3, 4 and 5, Fig. 1).  
The chromatograms were developed for 15 
hours with butanol saturated with 10% 
ammonium hydroxide as the mobile phase and 
10% ammonium hydroxide saturated with 
butanol as the phase at  the bottom of the 
chamber. After brief dmrying, color was de- 
veloped by drawing the strips through a 
solution prepared by mixing 10 ml of a solu- 
tion of 0.125% pbromoaniline in 0.1 N hy- 
drochloric acid with 10 ml of 3.7% sodium 
nitrite solution and adding to this mixture 
10 ml of a 20% sodium carbonate solution. 
Histidine, histamine and acetyl histamine a p  
pear as red bands which are well separated 
(Fig. 1). (A number of other histamine de- 
rivatives were chromatographed in a similar 
manner. All of those tested migrated much 
faster than acetyl histamine.) 

Approximate RC values (Fig. 1) 
Distance compound mnvcs along paper 

Dist.ance solvent moves 

Histamine Acctvl histamine 
Strip 1 3 6  Striij 1 .i1 
)’ 2 5 6  )’ 2 .71 ’’ 5 .55 3 . 7 l  

The Rf values for histidine are difficult to 
estimate because of its slow migration rate 
with the solvent used. 

Urinary excretion of the histamine deriva- 
tive after feeding histamine to a dog. A 
normal urine sample was collected from a 
healthy male dog who was then given hista- 
mine diphosphate, equivalent to 2 0 0  mg of 
the free amine, dissolved in 250 ml of water 
by stomach tube. The dog was sedated with 
morphine and atropine prior to the adminis- 
tration of the histamine solution to avoid 
vomiting? Freshly voided urine was collec- 
ted thereafter at intervals up to 33 hours. 

Mm., 1948, 68, 430. 

J .  Biol. Chem., 1947, 170, 537. 

3Urbach, I(. F., P W .  SW. En. BIOL. AND 

4McIntire, F. C., Roth, L. W., and Shaw, J. L., 

FIG. 1. 
Separation of histidine, histamine, and rteetsl 

histamine. 
Strips 1 and 2 :  10 pg histidine, histamine, and 

acetyl histamina applied as mixture. 
Strip 3:  10 pg ucetyl histamine. 
Strip 4 :  10 pg histidine. 
Strip 5:  10 pg histamine. 

From each sample of urine, 0.3 ml was diluted 
with water to 5 ml and 1.5 g of a salt mixture 
of 1 part Na3P04 - H20 and 6.25 parts anhy- 
drous Na2S044 was added. Two ml of bu- 
tanol were added to the mixture and the tubes 
shaken for 20 minutes. After centrifugation, 
the butanol layer was applied to the paper 
strips by capillary pipettes? Suitable controls 
were prepared by applying to strips extracts 
obtained from urine samples to which acetyl 
histamine and Bistamine had been added and 
by applying the pure substances to separate 
strips. The chromatograms were developed 
in the manner described in the foregoing ex- 
periment and uniformly showed bands in a 
position identical with that occupied by pure 
acetyl histamine on the control strips (Fig. 
2). The chromatwram representing normal 

3 Urbach, I<. F., in press. 
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F I G .  2-9. 
(All upper ends of the strips have been cut. The pencil lines on the lower ends of some of 

the strips indicate how far the solvent has advanced. On all chromatograms the upper bands 
are due to  histamine and the lower due to  acctyl histamine (histamine derivative) unless other- 
wise indicated). 
FIG. 2-Chromatograms of dog urine after oral administration of histamine. 
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Strip 1-Normal urine. 

’ J  

j f  

” 
” 
” 

2-Urine 22 hr aftcr histamine administration. 
3-Urine 33 hr after histamine administration. 
&Urine 33 hr after histamine administration, 20 pg acetyl histamine addcd. 
&Normal urine, 10 pg histamine and 10 pg acetyl his tadne added. 
&Histamine and acetyl histamine (control). 

2-Urine 11! hr after histamine administration. 
3-Histamine and acetyl histamine (control). 
4-Urine 3% hr after histamine administration. 
&Urine 6 hr after histamine administration. 
&Urine 8 hr after histamine administration. 

FIQ. 3-Chromatograms of human urine after oral administration Qf histamine. 
Strip 1-Normal urine. 
” 

” 
” 
” 
” 
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’) 7-Urine 20 hr after histamine administration. 
FIQ. PChromatograms of hydrolysis of acetyl histamine. 

Strip 1-Acetyl histamine before hydrolysis. 
)’ 2-Acetyl histamine after hydrolyeia. 
” 3-Histamine (control). 

” 
” 
” 

FIQ. 5-Chromatograms of human stool after oral histamine administration. 
Strip 1-Normal stool. 

2-Stool 6 hr after histamine administration. 
&Stool 20 hr after histamine administration. 
&Normal stool plus acetyl histamine and histamine (control). 

a dog. 
Strip 1-Washed ileum loop immediately after histamine addition. 
” 2-Washed ileum loop incubated 4% hr after histamine addition. 
” 3-Ileum contents immediately after histamine addition. 
” &Ileum contents incubated 4% hr after hiistaminc addition. 
” 5-Washed colon immediately after histamine addition. 
” &Washed colon incubated 4% hr after histamine addition. 
” 7-Colon contents immediately after histamine addition. 
” m l o n  contents incubated 4% hr after histamine addition. 
” 9-Acetyl histamine (control). 
” 

FIG. &Chromatograms of effect of histamine addition to bowel loops and bowel eontents of 

1O-Colon contents before histamine addition. 
FIQ. 74hromatograms of  effect of histamine addition to human stool. 

Strip 1-Normal stool. 
” )’ 
” 

2-Histamine and acetyl histamine (control). 
3-9-stool immediately, 1 hr, 4 hr, 8 hr, 24 hr, 30 hr, and 55 hr after histamine 

addition and incubation. 
10-Normal stool 24 hr after incubation. 

FIQ. 8-Chromatograms of effect of autoclaving human stool on acetyl histamine formation. 
Strip 1-Autoclaved stool. 
” 
” 

’) 4-Nonautoclaved stool. 
” 
)’ 
” 7-Acetyl histamine (control). 

2-Autoclaved stool immcdiately after histamine addition. 
3-Autoclaved stool incubated 4% hr after histamine addition. 

5-Nonautoclaved stool immediately after histamine addition. 
6-Nonautoclaved stool incubated 4% hr after histamine addition. 

FIG. 9--Chromatogrdms of effect of addition of histamine to pure cultures of Aerobader U m U -  
genes and E. COG. 

Strip 1-Aerogenes culture immediately after histamine addition. ’ ’ 2-Acrogenes culture incubated 40 hr after histamine addition. 
” 3-Histamine and acetyl histamine (control). 
” P E .  coli culture immediateiy after histamine addition. 
” 5-E. ooli culture incubated 4% hr after histamine addition. 
” 6-Histamine and acetyl histamine (control). (Traces of acetyl histamine at  arrows. 

On Strip 5 at least 2 unidentificd bands appear below the acetyl histamine). 

urine shows the presence of a small amount of 
the histamine derivative (Strip 1, Fig. 2) .  

Approximate Rf values (Fig. 2) 
Urinary 

histamine Control aeetyl 
Histamine derivative histamine 

Str ip5 .55 S t r ip1  .73 Strip5 .74 )’ 6 .57 )’ 2 .73 ” 6 .73 ’, 3 .73 
Urinary histamine 
derivative with 

aoetyl histamine 
added 

Strip 4 .73 
Urinary excretion of tire histamine deriva- 

tive after ingestion of histamine by  a human 
subject. After collecting a sample of norm? 
urine, a gelatin capsule containing 100 mg 
histamine d iphqhate  was given by mouth to 
a human subject (K.F.U.). Urine was col- 
lected at frequent intervals after the ingestion 
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of histamine. Since the amount of conjugate 
present was small, the size and purification 
of the samples had to {be modified: to 20 ml 
of urine were added 6 g of the salt mixture de- 
scribed. The samples were extracted twice 
with 10 ml of butanol. The combined butanol 
extracts were aerated until free from ammonia 
and were then passed through cotton suc- 
cinate.' After passage of the butanol extracts, 
the cotton succinate was washed with 2 ml 
of acetone which was followed by elution with 
2 ml of 0.5 h' HBSOJ. followed by 2 ml H,O. 
The combined H2S0.,-H20 eluate was neutral- 
ized with 10 per cent S a O H  and 1.5 g of the 
salt mixture of Sa,;PO, and ?I'a2S04 was 
added. The resulting solution was extracted 
with 2 ml of butanol, which was then applied 
to the paper strips as in the previous experi- 
ment. Control strips were prepared as in 
the foregoing experiment. The amounts of 
histamine derivative appearing on the chro- 
matograms are much smaller than those ob- 
served in the previous experiment. This is 
partly elrplained by the smaller amount of 
histamine employed and partly by the failure 
of cotton succinate to absorb acetyl histamine 
quantitatively.2 Moreover, Anrep has re- 
ported that man, after the oral administra- 
tion of histamine, does not excrete as much of 
the histamine derivative in the urine as does 
the dog1 I t  is of interest to note that free 
histamine, as well as histamine derivative, ap- 
pears in the human urine early after the hista- 
mine administration (Strip 2 ,  Fig. 3) .  

Approximate Rf values (Fig. 3) 
Control acetyl Histamine 

Histamine histamiuc derivative 
Strip 3 .53 Strip 3 .69 Strip 3 .B9 

(control) 
Strip 2 2.7 Stl'iIJ 4 .&8 

Strip li . t i #  
Strip 6 .TO 

Hydrolysis of acetyl histamine to histamine. 
The foregoing experiments provide evidence 
that the substance excreted in the urine of 
dog and man after histamine ingestion is 
acetyl histamine. In order to obtain evidence 
for the identity of the compound described 
by Anrep' with acetyl histamine, a sample 
of synthetic acetyl histamine was hydrolized 
under the conditions used by Anrep for the 
hydrolysis of the urinary compound to hista- 

mine. Six mg of acetyl histamine were dis- 
solved in 5 ml of water and 1 ml concentrated 
hydrochloric acid. 0.01 ml (10 pg) of the 
solution was applied to paper strips both 
before and after boiling the solution for one 
and one-half hours. A control strip was pre- 
pared by applying 10 pg of histamine. Chro- 
matograms were prepared as in the first ex- 
periment, and are shown in Fig. 4. I t  is 
evident that acetyl histamine is easily con- 
verted to histamine under the conditions em- 
ployed. A trace of acetyl histamine was 
still present after the hydrolysis, possibly be- 
cause of the relatively large amount of acetyl 
histamine employed. The approximate Rf 
values of pure histamine (Strip 3 )  is 0.55 
and of histamine obtained from the hydrolysis 
of acetyl histamine (Strip 2 )  0.55. 

Excretion of the histamine derivative in 
human feces after oral administration of hista- 
mine. The previous experiments presented 
evidence for the identity of the urinary hista- 
mine derivative with acetyl histamine. Be- 
cause of the possibility that the histamine de- 
rivative might also appear in the feces, a~ 
well as the urine after feeding histamine, 3 
stool samples were collected before, 6 and 20 
hours after the administration of the hista- 
mine to the human subject. To 1 g (wet 
weight) of each sample was added 10 ml 
water. A fourth sample was prepared by 
adding 20 cLg of each histamine and acetyl 
histamine to 1 g of the stool sample collected 
before the histamine ah ids t ra t ion .  All 
samples were shaken, filtered and 3 g of the 
previously mentioned salt mixture was added 
to the filtrates which then were twice extracted 
with 10 ml portions of ether. This was fol- 
lowed by extraction with 2 ml of butanol 
which were passed through cotton succinate. 
The elution of the cotton succinate and the 
preparation of the chromatogram shown h 
Fig. 5 were carried out as in the third experi- 
ment. Strip 1 (normal stool) shows no band. 
Strip 2, representing the stool Sample obtained 
6 hours after the ingestion of histamine, shows 
a pronounced acetyl histarnine band below and 
a weak histamine band above. Strip 3, cor- 
responding to the stool sample taken 20 hours 
after the ingestion of histamine, shows a weak- 
er acetyl histamine band and only a very 
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faint trace of histamine. Strip 4 represents 
normal stool with histamine and acetyl hista- 
mine added. 

Approximate Rf values (Fig. 5) 
Histamine 
derivative Control acetyl 

Histamine in stool histamine 
strip 2 .57 Strip 2 .71 
Strip 3 .57 ) )  3 .72 
Strip 4 .57 Strip4 .70 

Formation of the histamine derivative after 
addition of histamine to isolated intestinal 
loops and bowel contents of a dog. The ap- 
pearance of the histamine derivative in feces, 
described in the previous experiment, could 
be dbe to two different mechanisms. Either 
the histamine derivative is formed inside the 
intestine or histamine is absorbed from the 
intestine, changed and re-excreted into the 
contents of the bowels. Since the histamine 
derivative had not been observed in the urine 
after the injection of histamine: the first 
possibility was assumed to be more likely. 
Since it was, therefore, of interest to investi- 
gate whether the derivative is formed through 
interaction of histamine with the intestinal 
wall or with intestinal contents, the intestines 
were removd from a freshly killed dog and 
the contents were removed from segments of 
colon and ileum which were then washed clean 
and tied. The loops were filled with 10 ml 
of saline containing 1 mg of histamine per 
ml. To the intestinal contents 1 mg histamine 
per gram was added after removal of 1 g 
samples. All preparations were incubated at 
3 7 O C and 1 ml or 1 g samples were withdrawn 
after appropriate intervals. Each sample was 
diluted to 20  ml with water. The mixture 
was shaken and centrifuged and chromato- 
grams were prepared from 1 ml of the super- 
natant by diluting to 5 ml, adding salt mix- 
ture, ether and butanol extraction and cotton 
succinate purification as described in the pre- 
vious experiments. The chromatograms illus- 
trated in Fig. 6 show that the histamine de- 
rivative was formed rapidly in the contents 
taken from the colon, but not in the washed 
loops in which histamine disappeared without 
formation of acetyl histamine. In the contents 
taken from the ileum traces of the histamine 
derivative were formed. 

Approximate Rf values (Fig. 6) 
Control aeetyl histamine Histamine derivative 

Strip 9 .74 Strip 7 .75 
,’ 8 .75 

Formation of the histamine derivative after 
addition o f  histamine to human feces. The 
preceding experiment suggested intestinal con- 
tents as a site for the conversion of histamine. 
It was, therefore, of interest to investigate if 
human feces could convert histamine in a 
similar manner. Freshly passed h u m  feces 
were divided into 2 samples. To one sample 
1 mg/g histamine was added and 1 g portions 
were taken immediately from the control and 
histamine-containing feces. Both samples were 
then incubated and 1 g portions were with- 
drawn at  convenient intervals. Chromato- 
grams were prepared as described in the pre- 
vious experiment and are shown in Fig. 7. 
Strip 1 (normal stool) shows a small amount 
of the histamine derivative present before his- 
tamine addition. Strip 2 represents 10 pg 
acetyl histamine and 10 pg histamine added 
to normal stool as a control and the following 
strips represent stool samples taken at various 
times after the histamine addition. It is of 
interest to note the appearance of an unidenti- 
fied band (Rf 0.81) after 30 and 55 h u r s  in- 
cubation. Strip 10 represents normal stool 
after 24 hours incubation. 

Approximate Rf values (Fig. 7) 
Control acetyl histamine Histamine derivative 

Strip 2 .72 Strip 3 .71 
J J  4 -70 

.70 9 1  5 
l J  6 .70 
J 1  7 .71 
) )  8 .72 
j J  9 .72 

The influence of autoclavitFg human feces 
on the formation of the histamine derivative. 
The previous experiment showed that hista- 
mine, when added to fresh human feces, is  
converted, effectively to acetyl histamine. In 
order to test whether the reaction is due to a 
biological process or due to a chemical reaction 
not requiring living matter, a freshly passed 
human stool specimen was divided into 2 
portions, one of which was autoclaved at  200  
lb pressure for 20 minutes. After taking 1 g 
samples from the normal and autoclaved por- 
tions, 1 mg histamine per gram of stool was 
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added to each portion. One gram samples 
were withdrawn immediately after mixing the 
histamine into the stool and again af’ter 4 
hours incubation. The chromatograms shown 
in Fig. 8 were prepared as described above. 
The autoclaved sample, before the addition 
af histamine, shows a faint (band, due to the 
histamine derivative which does not increase 
in intensity after incubation with histamine 
(Strips 1, 2, 3) .  The bands due to the hista- 
mine derivative increase markedly in color 
intensity on incubation of the non-autoclaved 
sample after addition of histamine (Strips 4, 
5 ,  6). Pure acetyl histamine was applied to 
Strip 7 as a control. 

Approximate Rf values (Fig. 8)  
Control xeetyl histanline 11 ist;iniinr deriwt i v  

Strip 7 .TI Strip 1 .i:i 
” 2 . I . <  

” 3 . i 3  
” 4 . i 2  
” .5 .71 
” 6 .71 

-. 

Attempts to  convert histamine t o  acetyl 
histamine with pure cultures of E.  coli and 
Aerobacter aerogenes. The experiment show- 
ing the formation of the histamine derivative 
made it appear likely that conversion of the 
histamine was due to fecal organisms. Hista- 
mine, was, therefore, added to a pure culture 
of E.  coli and of Aerobacter aerogenes incu- 
bated in a simple glucose-salt medium.” 
Samples of the cultures were withdrawn at 
intervals and chromatograms, shown in Fig. 
9, were prepared in a manner similar to that 
described in the previous experiments. Both 
organisms appear to form acetyl histamine in 
small quantities from added histamine. In 
addition, the organisms apparently are able 
to produce other unidentified substances from 
histamine which give colored bands with the 
color reagent employed. 

Approximate Rf values (Fig. 9) 
Control acctyl Acetyl histamine 

histamine formcd in culturc 
Strip 3 .70 Strip 2 .$1 
” 6 .71 ” 4 .70 

Discussion. The experiments presented pro- 
___ -. 

SKohn, H. I., and Harris, J. S., J .  Pharm. and 
E x p .  Therap., 1941, 73, 343. 

vide evidence that the histamine derivative 
recoverable fTom urine and feces of dog and 
man is acetyl histamine.* This substance is 
probably identical with the histamine deriva- 
tive described by Anrep.l The fact that acetyl 
histamine is formed from histamine in normal 
but not in autoclaved feces and the ability 
of com,mon fecal organisms to form traces 
of acetyl histamine in pure culture suggests 
that the observed acetylation of histamine 
in feces may be due to bacteria. The fact 
that E. Coli and Aerobacter aerogenes in pure 
culture are not able to produce acetyl hista- 
mine as effectively in quantities comparable 
to those obtained from feces may be due to 
several obvious d’ifferences in the conditions 
obtaining in stool samples and in simple cul- 
ture media. Other fecal organisms may be 
able to acetylate histamine much more effec- 
tively. The possibility that histamine may 
also be acetylated elsewhere in the lbbody, e.g. 
the liver, has been suggested and is not ex- 
cluded by the present experiments. It should 
be noted that on occasion small quantities af 
acetyl histamine and histamine were ob- 
served in normal stool and urine samples. 

Conclusions. 1. The observation that a his- 
tamine derivative appears in the urine of dog 
and man after oral histamine administration 
is confirmed. 

2.  The histamine derivative can be effec- 
tively separated from histamine by paper 
chromatography. 

3. The histamine derivative is identical 
with acetyl histamine as shown by paper chro- 
ma tography. 

4. Acetyl histamine is readily formed from 
histamine added to feces of dog and man. 

j. I t  is suggested that histamine is acetylat- 
ed in the intestinal contents to acetyl hista- 
mine which is partially absorbed from the 
intestinal tract and excreted in the urine as 
well as in the feces. _- 

* Dr. Tabor and Dr. Rosenthal have isolated and 
crystallized the urinary histarnine derivative. The 
melting point and chemical analysis characterize 
the compound as aeetyl histamine. (Private com- 
munication). 




