
taiiied. 2. hlesobilirubinogeri added to bile aiid acholic feces was 
converted at least in part to d-urobiliii. Iii one iiistaiice the addition 
of acholic feces to urobiliii-free bile was iristrunierital in the devel- 
opment of d-urobilin. 
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IV. Formation of (Laevorotatory) Stercobilin from 
, Mesobilirubinogen in Human Feces." 

c. I. \\-ATSOS, 1- ICTOR SBOKOV AND S A M U E L  SCHWARTZ.  

Front the Dirisioii of Intertinl Xedicine, i7'nivemity of Yitinesotn Hospital, 
Xinneapol is, Minn. 

In Paper I of the present series it was showii that stercobiliii could 
not Ire obtained 1))- the amalgam reduction of native bilirubin in 
various bile saniples. This led only to mesobilirubinogen and, on 
oxidation, urobilin IS ,a .  Nor was stercobiliii obtained by incubating 
niesobilirubinogen with acholic feces, or with bile, as described in 
Paper 111. In these experiments, tlie hitherto uiidescribed d-urobilin 
was formed. 

In the present study the following experinieiits were carried out 
in order to determine whether mesobilirubinogen is converted to 
stercobiliiiogeii in tlie intestinal tract, or when iiicuhated in z&o with 
normal feces. 

3 10 nig of crystalline niesobilirubiiiogeii were dissolved in 
50 cc of dilute Na,CO,, (0.2%) to which was added 0.33 g bile salts 
(Eilieu, _\bbott). The solution was diluted further to 100 cc with 
physiological saline. This was administered over a period of one- 
half hour through a Miller-Abbott tube, into the duodenum of a 
patient having a T-tube in the cornnion bile duct, and with a continu- 
ous suction fistula.' The urobilinogeii excretion in the feces was 
determined for two-day periods before and after the administra- 
tion of iiiesobilirubiiiogeii as shown in Table I. The feces for the 
various periods indicated by tlie brackets on the left in Table I 
were subjected to the chromatographic isolation method as described 
in Paper I1 of this series, with the one exception that the primary 
estractioii aiid adsorption was carried out with 95 % ethyl alcohol 
rather than with CHC1,. The relative advantages of various isola- 

1. 

+ Aided by a grant froin MY. A. C. Randall, Minneapolis. 
1 I A ~ I ~ B ,  J. A., niid Bergh, G. S., Sto*gt'r?/, 1941, 10, 5(%. 



tion proceclui-c.~ for iii-oI)iIiii ; i i i t l  +tt.rcol)iliii will lie discussed iii a 
separate coiiiiiiuiiicntioii. It is st't'ii in T a l k  1 that stei-cohilin in- 
creased iiiai-ketlly in the feces aitcr the adniiiiisti-ation of niesobili- 
i-ul)iiiogcn. A\ coinparison of tiie total ui-ohilinogen aiid optical 
activity values ioi- this period \vitli those of 3/18 to 3/21 reveal 
striking agreement. 111 the latter period the only source of urobil- 
inogen \\-as the native hilii-uhiii o f  the patient's liile. 

2. Feeding o f  i i i e s ~ ~ l ) i l i r ~ i l ~ i i i , ) ~ ~ i i .  Sut,ject 6\.R.,t  $. 73. 775 rng 
of crystalline mesol)iIirul,inclgt.11 \yere fed, i i i  capsules, over a period 
of 12 hours. The feces uro1)ilinogen was deteriiiiiied before. during, 
aiid after the time of adniinistration. The various samples were 
then subjected to alcohol extraction and chroiiiatograpliic separation 
as already reieri-etl to .  The data arc slio\vii in Talile 11. 

-\ sigiiificaiit iiicreasc i i i  sterco1)iliii is ol)sei-i-erl iii Table 11 cl~irii~g 
t he 1 lei- i o tl f o 1 1 o \v  i ii g a tlni i ii i s t rat i ( 111 ( f t 11 e ine sob i 1 i r u h i ii ogen . 

3. Incuhation o f  mesobiliri~biiiogeii with feces. The methotls 
employed in these experiinents were entirely similar to those descrihecl 
above aiid in the preceding papers of this series. In Table 111 arc 
sllowri the data from four experiments in which iiiesobiliruhinogeii 
was added either to acliolic 01- 11or1nal feces. 'The fourth of these 
experiiiients was alreatl!- t1escril)etl iu the preceding paper aiid the 



TABLE IlI. 
~ ~~ 

Total 111g Stercobilin in  mg" 
uro- r > 

Grams bilinogeii lntnbatioii Method of Crystals Mother Total 
feces in feces Ma tcria 1 a tldcd (lays piirific:ltion in CIICl:3 liquor mg 

1. 
a. 50 33.5 
b. 20 33.5 

a. 20 0 
b. 20 IJ 

a. 10 0 
b. 10 0 

2. 

3. 

4. 
a. 10 1.4 
b. 10 1.4 

- 
58 rng iiiesobilirubinogm 

9 9  

3 Y  

64 lllg 
69 ing 

100 mg 
l W  nig 

1 ,  

9 7  

+ 5 cc bile: 

- 
46 mg inesobilirubinogeii 

"Calculated on basis of optical activity [ z ] SS'J = 
" 0  

tCrystnls of urobilin IX,a, isolalxd (optically in:ic+iw). 
:TVrlakly positive El~rlieh reaction in thc n n  tiye bilc. 

significant data are included again for purposes o f  direct conipariso~~. 
The question arose as to whether urine alone was capable o f  con- 

Y e r t i ng 111 e sob i 1 i r ubi iiog en t o s t e r coli 1 i nogen . kl e sob il i r u hinogeii 
was theref ore added to 3 separate urohilin and urobilinogen-free 
saniples. as shown in Table IV. ,After incullation for 3 days, the 
samples were acidified with sufficient HCI to make a concentration 
of approximately 5 % and they were then extracted repeatedly with 
CHCI,. The combined CHCI,, was filtered and suhjected to chro- 
matographic analysis as described in Paper TI. As noted in Table 
IV, urobilin 1X.a was identified on the basis of optical inactivity 
and there was 110 evidence of stercobilin formation. 

The results of the present study based upon oral 
admiii i st r a t ion of niesohi li rubinog en an (1 upon irz vit YO incubat ion 
of niesobiliruhinogeii with feces, indicate that this substance is con- 
verted iii part to stercobilin. A survey of the above data would indi- 
cate at first glance that the degree of conversion was not large. Other 
factors, however, niust be taken into account. For one thing. meso- 

r r m m  IV. 

Disctissiou. 

Addition of J I c s o t ~ i l i ~ . u l ~ i n o ~ ~ ~ ~ i  to Xormal 'I:riii(l. 

-4 nit urine Amt ~ n c ~ s o h i l i r n l ~ i ~ i o ~ ~ ~ n  Type of urobilin 
in rc i n  ing oh t H in  r (1 

' O p t i c d l ~  inactive in CHC'I,. 



biliru1)iiiogeri is \-cry easily oxidized s o  that a coiisiderable portion of 
the added niaterial in the above iri epituo experiments may well have 
been changed hefore it could be converted to stercohilin. In tlie in 
"c'iew studies the factor of ahsorytioii caiiiiot he assayed. 111 both 
iiistaiices considerable aniouiits of iuesobilii-uhinogeii appeared in the 
uririe during the 24 hours after its administration. This was identi- 
fied b_c- the subsequent ideritificatioii of urobilin IX,a from each. 
Another factor to be taken into account is the yield of stercobiliii 
which oiie may expect especially wlieii working- with very small 
aniouiits of niaterial. It \vilI be noted that less than 1 rng of crystals 
n-ere ohtaiiied in the control feces o f  Esperiinent 1, Table 111, al- 
tlioiigli LO g o f  fvcrs coiit;tiiir(l ,$S nig o f  urobilinogeii. Under the 
lwst oi conditions aiid u-orkiiig \\-it11 large aiiiounts of feces, the 
yield I i f  stvrcohiliii is usiuall!- inmi 3-1.3 and rarely exceeds 20% 
o i  the initial urobiliiiogeii. 111 this coiiiiectioii it is of interest that 
Fisc1it.r and Lihowitzky' added 100 nig of mesobilirubinogen to a 
daily amount of feces a i d  were aI)le to recover but a very few crys- 
tals. This was not incubated atid the possibility that some coil- 
versic )ii to stercohiliii had occurretl ivas not iiieiitioned. W e  have 
obstn*ecl repeateclly that iiicii1)atioii o f  feces causes a sharp decrease 
i i i  yield. so that the cjut.stioti arises iii esperiiiieiits of the above type 
as to whether much more stercohilinogeii than was present at the 
time o f  extraction had been successively formed and oxidized during 
iiicuhation. Most inil)ortant, liou-e\-ei-, is tlie fact that significant 
incrt.ast.5 oi sterco1)iliti ivere ol,taiiit.d, whose only source could have 
l)t.t.~i t h c  xltletl meso1)ilii-ul>inogcti. 

It is sig-nificant that iii oiie o f  the present experiments (No. 3 in 
Table I I1 ) , stercobiliii formatioii was noted when niesobilii-uhinogen 
was iiicubatecl with urohiliii-f ree bile aiid acholic feces. This is in 
cotitrast with the forniatioii o f  cl-urohiliii iii an entirely similar ex- 
perinlent (3c) in Paper 111. Siiice this was carried out with bile 
and feces from different iiidi\*iduals, it caii oiily be assumed that 
u ~ i k m n ~ i i  ancl variable factors i i i  1)ile or feces tletermiiie the direc- 
tion o f  conversion. 

The present results wheii correlated with those of the preceding 
papers iiidicate clearly that n~eso1)ilirubinogen is the primary chro- 
niogeii 01- urohilinogeii, and stcrcohilinogen and d-urohilinogen are 
to be regarded as secondarq. products, tlie former requiring both bile 
and fecal factors and the latter onI!- a bile factor for its ela1)oratioii. 
This concept is perhaps best shoivii  in tlie following diagrani : 



Bilirubin 

/ \  

/ \ 
Bile factor Bile and feces factor 

I 
Stc.rco11iliiiogen 

&/ 

I I -112 

d-T_'robilinogen 

.1 
Stcrcobili 11 

3. 
(1 -1-r obi 1 i 11 

The primary reduction to nie~obilirubinogen is probably effected 
hy a number of bacterial reducing systems. while tlie secondary 
transitions to d-urobilinogen arid stercobilinogen eviderit1)- d e p d  
on more coniplex factors. as indicated. The possibility cannot he 
excluded that bilirubin niay be reduced directly to d-urobilinogen 
or st er cobi 1 i nogen 1%- it h 011 t nie sohi 1 i r u bi 11 og en as an in t el- m ed i ate 
stage, also, that given the proper conditions. d-urobilinogen may be 
converted to stercobilinogen. Still another possibility is that sterco- 
hilin or d-urobilin may be formed directly from mesobilirubinogen 
without intermediary differing chromogens. 

1. The oral or intraduodeiial adniin- 
istration of mesobilirubinogen resulted in an increased excretion of 
stercobilin in the feces. 2. The incubation of mesobiliruhinogen 
with normal feces, or with acliolic feces plus bile resulted in formation 
of stercobilin. Incubation with acliolic feces alone resultecl in no 
change : urobilin I S  .a was subsequently isolated. 3. ~ I e s o l d i -  
rubinogen was not converted to stercobilin in tlie 3 urine saniples 
studied. It is believed that niesohilirubiriogen is the primary chro- 
niogen or urobilinogen forniecl by bacterial reduction o i  biliruhin. 
The further elaboration of cl-urohilin requires bile, while that of 
stercobilin requires bile and feces. 

Summnr_v rrtzd Coiiclrrsioris. 

13658 
Experimental Studies in Metaplastic Ossification. 

SHEIDO~~' A. J-XCOBSOS. ( Introduced by Valy Menkin. ) 
Froin the Laboratory of Patholog!/, Hospital for Joint Diseases, and the Richard 

Morton Kost P I -  RPsParch Laboratory. 

H~iggins l -~  has diskovered that transplanted epithelium of bladder, 
ureter, or kidney pelvis induces ossification of tlie connective tissue 


