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human blood cells 1)eloiiging to group 0 were added. Tlie tubes were 
kept again for 15 minutes at i-oom temperature aiid centrifuged. 

Tahle I11 shows that the agglutination of huiiiaii group 0 cells by 
ant i -0  beef sera is inhibited hy the gastric juice aiid saliva of pa- 
tient Durk., 1)roviiig the presence o f  0 suhstaiice in both. Patient 
Dun. apparently did not secrete the 0 suhstaiice in the gastric juice, 
since the agglutination o f  0 cells is inhibited o d y  slightly by the 
gastric juice of this patient. 'Tilc. examination of his saliva, also, 
showed a complete absence of O specific suhstaiice, indicating that 
this patient 1)eloiigs to the groul) o f  non-secretors. 

The  gastric jiiicc. o f  patients suffering from per- 
niciotis aiieniia coiitained h l o o t l  gi-oiip specific substances at least in 
the sanic large ;tiiioiiiits 3 s  noriiial gastric juice in spite of the fact 
that there was 110 free hytli-ochloi-ic acid or pepsin present in the 
speciiiiens. T<levc.ii o f  the 12 pativiits were proved to belong to the 
so-cal1c.d secretor group, n.lii!e 0 1 1 ~ ~  v-as a iion-secretor. 

CwoiicIusioiz. 
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I. Nature of Urobilin Obtained after Amalgam Reduction of 
Human Fistula Bile." 

The reduction o f  crystallirie hilii-ubiii either by amalgaiii or cata- 
lytic methods is k~io\-l.xi to yield the well-defiiied clirornogen, meso- 
l>ilirul)inogen.'-' The i r i  T ' ~ / Y O  ositlatioti of meso1)ilirubinogeii leads 
to urobilin TX ,a,+ not to stercol)iliii.'* G. ' Tlie latter substance as 

* Aided by a grant from thc J o l n ~  :1nd Mary R. Markle Foundation, New Pork 
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t This substance was first describd under the name of K-urobilin.6 The desig- 

nation IX,a simply indicates a configuration corresponding with mesoporphyrin IX, 
the porphyrin ring bring opened at the a-methene bridge. 
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isolated in crystalline form f roni huniaii feces and “urobilili”-co~l- 
tainiiig urines, is optically active, strongly laevorotatory, while 
urobiliii IX,a is optically iiiactiw.’* !’ Tlie reduction of stercobilin 
yields stercobiliiiogeii aiid not mesobilii-uhiiiogeii.~l ‘’9 

hi considering the iiz vizw transition of biliru1)iii to stercobilin, the 
question arose as to whether 2 bilirubiiis niiglit be present in the bile, 
one the mother substance of iiiesobilirubinogeli a i d  urobiliii 1 S ,a, 
the other of stercobiliiiogen and stercohiliii. Fisclier and Libo- 
witzkyll recently isolated bilirubin froni hunian bile. Reduction of 
this bilirubin led only to iiiesobilirubiiio~eii. This finding, however, 
did not exclude the possibility that tlie bilirubin in its natural state 
in the bile was in some way modified so that i f  reduction were car- 
ried out on the bile directly, stercobilinogen might be fornied. 

In the present investigation. 7 samples of liunian fistula liile were 
used. Saniples 1-4 did not contain native urobiliii or urobiliiiogeii, 
and were therefore subjected at once to amalgam reduction. This 
consisted in shalting- the diluted bile with an excess (50-200 g)  of 
3.54% sodium aniaIgani, until iiearly colorless. The Elirlich reac- 
tion had now become strong. The saniples were acidified weakly 
with glacial acetic acid aiid were then extracted repeatedly with 
petroleum ether. Saniples 5-7 contained native urobilinogeii and 
were therefore acidified and extracted with petroleum ether prior 
to the aiiialgani reduction. Tlie latter was then carried out on the 
aqueous fraction and after acidification the newly fornied urobilino- 
geii was extracted with petroleuni ether. The term urobilinogen is 
used here to indicate the sum of any mesobilirubinogen, and sterco- 
hilinogeii, or other Ehrlich reacting chroiiiogen that might have 
been formed. Tlie petroleuim ether extracts before amalgam reduc- 
tion, and containing the nati1.e urobilinogen are designated in the 
following as 5-7 a. while those of the bile after reduction are 5-7 1). 

Tlie petroleum ether extracts in each instance were further treated 
as follows : Filtered through petroleum ether-treated paper-allowed 
to stand in the light for several days until the Ehrlich reaction was 
weak or negative-precipitated urobilin collected and redissolved in 
a small aniount of CHCl,,-urobilin reprecipitated by pouring into 
6 volumes o f  petroleum ether-dry precipitate dissolved in 1 % 
Na,COs--washed with ether, then acidified with acetic acid- 
washed with ether, then made 7% HCI by addition of sufficient 

8 Fischer, H., Halbach, IT., and Stern, A., Ann. d. Ckem., 1935, 519, 254. 
BFjscher, II., and Halbach, H., 2. phjisiol. Chcm., 1936, 238, 59. 
10 Watson, C. J., Z .  physiol. Chem.,  1932, 208, 101. 
11 Fischer, H., and Libowitzky, H., Z. physiol. Clienz., 1939, 258, 255. 
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35 "/o HC1-urobiliri hydrochloride removed by repeated extraction 
with small amounts of CHCI,,-dried and coiicentrated to a small 
volume i r z  zwcuo. When crystallization could not be achieved directly 
by cooling and scratching it was firought about by concentrating 
further to dryness and washing the residue with cold acetone.7 This 
permitted separation of dark impurities from the light orange uro- 
bilin which was then easy to crystallize from hot acetone or from 
CHC1,-acetone. Crystals were obtained from samples 1, 2, 5b, 6b, 
and 7h. The additional step of washing the initial CHC1, residue 
with cold acetone would probably have permitted crystallization 
from samples 3 and 4 as well, hut at the time these were studied, the 
value o f  the procediire n-as not r w  gnized. In each instance the 
crystals \\-ere o f  the boat-shaped type characterizing urobilin IX,a 
f r m i  acetone.' The melting points: w-ere likewise indicative of this 
sutistaiice rather than of stercohilin. This may be seen in Table I. 

Optical activity was determined for each sample, either for the 
crystals dissolved in CHCl,, or for the final concentrated CHCl, 
solution from which crystallization had not occurred. For the sake 
of control it \vas repeatedly deterniitied that there was measurable 
laevo-rotat ion in less concent r at etl solut ions of crystalline sterco- 
bilin (isolated from the feces). Our nieasuremeiits for stercobilin 
agree with those of Fischer and ' [ a ] :!9 = -3300" 
( CHCl?). Relative concentration was determined by means of 
absorption intensity as measured with the Evelyn photo-electric 
colorinieter, filter 500. Deterriiinatiotis of optical activity were made 
with a Schmidt-Haensch polarinwter, employing a sodium lab-arc 
as light source. In each instance the urobilin obtained after the 
amalgam reduction of the bile, was optically inactive (samples Nos. 1, 
2, 3, 4, Sb, 6b, and 7h) .  Strong dextrorotatory activity was en- 

TABLE I. 
Melting Points of Urobilin IX,u, Stcrcobiliti, :itid Crystals Isolated from Present Samplea. 

Present samples 
1 

Urobilin IX,a Stercobilin 1 2 Gb 7b 

Hydrochloride 

Hydrochloride 

Free substance 

(from CIICI,) 145-150 " C 125-158" (1 145-152°C 

(from acetone) 165-170°C 146-149"C 167-170°C 165-168°C' 

(from acctone) 176°C (7) 236°C ( 9 )  140-150°C 174-176°C 
(one crystal- (recryst.) 
lization only) 

t With exception of sample No. 1, in which an ordinary macro-method was used, 
The the melting points were determined with a Fisher-Johns micro-apparatus. 

melting point of the crystals from sample 5b was not determined. 



TABLE 11. 

S t crco biliii ITrobiliii IX,a Crystals, Gb 

4922 A 
4921 
4925 
4922 

Avg 4923 

49.52 A 4948 A 
4951 4952 
49.50 4948 
4947 495.3 
~ 

- 
Arg 4950 *4vg 4950 

Solvent: 5 c(: methyl alcohol + 2 drops 10% HCI. 

countered in the native urobilins present in the final CHCl, solutions 
from samples 5a aiid 7a. Tlie presence of a dextrorotator?; urobilin 
in infected fistula bile will be described in a separate communication. 

The spectroscopic studies confirmed Leniberg's observation'" that 
a slight difference exists in tlie position of the visible absorption 
band of stercobilin a i d  urobilin IX,a. Table I1 contains a series 
of values for crystalline stercobilin ( froni feces), crystalline uro- 
bilin IX,a ( froni mesobiliruhinogen), and the crystals obtained froni 
sample 6b. 

A difference of the same magnitude. 2'. c., 25 A, was obserwxl both 
by nieasurenient and superiinposition of absorption spectra with 
the solutions of the crystals obtained from samples 1, 2, 5b, and 7b. 

The present results reveal clearly that simple re- 
duction of the bilirubin present in human bile does not lead to the 
formation of stercobilinogen and hence to stercobilin. The lability 
of the urohilin which is obtained, together with its manner of crys- 
tallization, melting point, absorption spectrum, and total lack of 
optical activity are regarded as proof of identity with urobilin IX,a. 
Thus there is no reason to assume the presence of a second or modi- 
fied bilirubin in the bile. This would have been a prominent possi- 
bility if stercobilin had appeared following these in v i tm  reduc- 
tions. Tlie present results also coiistitute further evidence that in 
the process of forniatioii of bile pigment the protoporpliyrin ring 
in the hemoglobin niolecule is opened oiily at tlie a-methene bridge. 
Without this evidence the occurrence of differing tetrapyrryl- 
methenes, either bilirubins or hilirubinoid in character, could not be 
excluded, since it was conceivable, n priori, that the porphyrin ring 
might open at one of tlie other niethene bridges. The present results, 
in agreement with those of Fischer and Lihowitzky," indicate that 
this is very unlikely, 

Since there can be no doubt that stercobilin is a bilirubin dcriva- 
it becomes evident that it must owe its forniatioii to a further 

Discgissioiz. 

12 Lemberg, R., Lockwood, W. H., and Wpnd1i:im. 13. A.,  -4 u . Y t m l .  .I. E s p .  Biol. 
and Mcd.  SC., 1938, 16, 169. 



cheniical activity peculiar to tht. luiiien of the iiitestiiial tract. Thus 
we caiinot agree with the suggestion of Leniberg and coworkers1' 
that the term stercohilin he tliscarclecl, since in view of the present 
results it appears to he most descriptive insofar as stercoraceous 
mode and site of origin are ~'oi1~er1ied. Further studies of the tran- 
sition of hiliruhin to sterco1)iliii ivill be described in separate com- 
riiunications of this series. 

Much confusion has ariseti with respect to the terminology of the 
natural bilirubin derivatives. In earlier papers it was stated'? 13, 

that stercohilin. was identical i v i t h  iiatural urohilin as isolated from 
the urine. This \vas iiiisiiitei-l)rctetl' to iiieaii that stercobiliii was 
identical with urohiliii ( 1S.a ) as  tlcriyetl froni iiiesohilii-ubiiiogeii, 
although the distiiictioii o f  thew su1)staiices had heen demonstrated 
repeatedly."- "* I '  The point of coiifusioii, of course, was the term 
urohilin. 1i-e 1)eliev-e that coil fusiori will he avoided in the future 
i f  the term urohilin 1X.a is usetl t o  designate the optically inactive 
uro1)ilin f ornietl 1)~ -  siiiiple tleh!-clri)genation o f  niesobilirubinogen. 
The term stercohilin should appl!- only to the laevorotatory type of 
urohilin as originally isolated froin feces."'. IF 

Sitrii mtiry t r i zd  Cottc1u.siori.v. The amalgam reduction of the 
native bilirubin in 7 samples of liuniaii fistula bile led only to nieso- 
hilirubiiiogeii which in turn yielded urobiliii IS,a, on suitable oxida- 
tion. No evidence of stercohilitl formation was obtained. The 
formation of stcrcohilin is thus sliown to dcpeiicl upon a further 
chemical activity which is peculiar to the intestinal tract. 

13 Watson, C. .J., PROC. SOC. Em. l>ror,. AND MED., 1933, 30, 1210. 
14Watson, C. J., 2. physiol. Chem., 1!W, 221, 145. 
15 Watson, C. J., J .  Biol. Chem., 1936, 114, 47. 
16 Watson, C. J., Z. ph?ysiol. Phern., 1932, 204, 57. 


