
Recent Studies of
the Urobilin Problem

J!ulletin of the

University of Minnesota Hospitals
and

Minnesota Medical Foundation

t
l
I

I

Volume XXIV Friday, November 14, 1952 Number 7



BULLETIN OF mE
UNIVER3ITY OF MINNESOTA HOSPITAIS

and
MINNESOTA MEDICAL FOUNDATION

~V.:::.ol=.:um.=.:e:...:.::x.x=IV..:. ..;F:.;r::.:id.a~ovember 14, 1952

INDEX

I. RECENT STUDIES OF THE UROBILIN PROBLEM • • • • • • • • •

PAUL T. 1()WRY, M.D., Instructor, Department of Medicine

N. R. ZIEGLER, M.D., Associate Professor, Department of
Bacteriology and Immunology

C. J. WA'I60N, M.D., Professor and Head, Department of
Medicine

Ubiversity of Minnesota Modical School

II. MEDICAL SCHOOL NEWS • • • • • • • • • • • • • • • • • • •

Number 7

PAGE

166 - 180

181

III. WEEKLY CALENDAR OF EVENTS • • • • • • • • • • • • • • • • 182 - 187

Published weekly during the school year, October to June, inclusive

Editor

Robert B. Howard, M.D.

Associate Editors

Wallace D. Armstrong, M.D.
Erling W. Platau, M.D.
Howard L. Horns, M.D.

Craig Borden, M.D.
Richard L. Varco, M.D.
W. Lane Williams, M.D.

James L. Morrill, President, UniversIty of Minnesota
Harold S. Diehl, Dean, The Medical School, University of Minnesota
Ray M. Amberg, Director, University of Minnesota Hospitals
O. H. Wangensteen, President, 1~e Minnesota Medical Foundation
Wesley W. Spink, Secretary-Treasurer, 'rhe Minnesota Medical Foundation

The Bulletin is sent to members of the Minnesota Medical Foundation.
Annual membership fee - $10.00

Address communications to: Staff Bulletin, 3330 Powell Hall, University
of Minnesota, Minneapolis 14, Minn.



- 166 -

t

1. RECENT STUDIES OF 'IRE
UROBILIN PROBLEM* -

P.T. Lowry**
N.R. Ziegler

C.J. Watson

It is not surprising that.the uro
bilin problem has commanded the attention
of so many investigators, as it bears
directly upon basic and clinical aspects
of hemoglobin metabolism and liver
function. In the following no attempt
will be made to review the literature
in any comprehensive fashion. In this
connection, however, special reference
may be.made to other papers and books
which haved~alt with the subject in
deta:ill ,2,3} ,5. '!he story of the uro ..
bilin group co~ences with Jaffe's dis
covery in 1868 , of the presence in
urine and bile of a substance exhibit
ing intense green fluorescence with zinc.
Jaffe partially purified this compound,
observed that it had a characteristic
absorption band and described certain
other characteristics. Because of the
occurrence of the substance both in
urine and bile, he gave it the name
"urobilin II. In 1871, VanLair and .
Masius7 described what appeared to be
an entirely similar compound regularly
present in hmnan feces. They were not
certain that this was identical with
Jaffe's urobilin and to be on the safe
side they designated it "stercobilin".
In the same year Maly first carried out
the reduction of bilirubin, the princi
pal pi~ent of the bile, with sodium
amalgam. He obtained a substance which
appeared very similar to the compounds

* From the Department of Medicine,
University of Minnesota Medical
School. This work done in part
under a contract from the Office
of the Surgeon General, U. S. Army,
and under the sponsorship Of the
Commission on Liver Disease, Armed
Forces Epidemiological Board.

** Aided by a fellowship from the
National Foundation of Infantile
Paralysis •.

described by Jaffe, and VanLair and
Masius. Since he had produced it by
reduction of bilirubin, he gave it the
name ''hydrobilirub in " • It soon became
evident thr0'jh the work of several in
vestigators9, 0,11 that urobilin and
stercobilin were excreted in consider
able part as a colorless chromogen which
LeNobe19 was the first to name urObilin
ogen. For some time there was no ready
means of detecting this chromogen in the
excreta, and the knowledge of its trans
ition to urobilin depended on the obs~r

vation that when sui table extracts of
fresh mate:rial were exposed to light and
air, the development of the orange color
of urobilin together with its green
fluorescence with zinc and characteris
tic spectral absorption, were noted. In
1887 Ehrlich12 had described the color
reaction exhibited to a marked degree by
certain urine samples, especially from
cases of liver disease, when the urine
was bz;ough t together with paradimethyl
aminobenzaldehyde and concentrated hy
drochloric acid. This came to be known
as the. Ehrlich lIa ldehyde II reaotion.
Ehrlich was utlable to define the natural
substance responsible for the reaction.
This remained for Neub~uer, who pointed
out, in 190111, that the Ehrlich reac
tion was due to urobilinogen.

Ten years later, a very great advance
was made by Hans Fischer, who returned
to the sodium amalgam reduction of bili
rubin firs·t described by Maly. Fischer,
however; carried this out much more
efficiently with the result that he ob
tained a colorless chromogen and was able
to crystallize it13 • This compound,
first designated IIhemibilirubin ll

, later
. as mesobilirubinogen, was characterized

by an intense Ehrlich aldehyde reaction
with the same absorption as that shown
by Ehrlich reacting urine samples. Ex
posure of mesobilirubinogen to light and
air resulted in urobilin for.mation, that
is to say, the development of an orange
compound exhibiting intense green fluo
rescence with zinc together with urobilin
absorption (maximum in the region of 495
mAA ). Fischer then proceeded to isolate
the 'same compound fro:e urine samples
rich in urobilinogenl • The crystals ob
tained by the reduction of bilirubin in
Vitro, or fram the urine, were identical.
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Subsequent studies by Fischer and his
co-workers clearly delineat.ed the path
wa;)' of reduction of bilirubin to meso
bilirubinogen or urobilinogen15 • It
was shown that the first stage in the
reduction is dehydrobilirubin
(C~3R38W406)' a compound having two
hyarogens more thE\I1 bilirubin. It has
not been detected in nature and is very
easily reduced further to mesobilirubin
(C~1H4ON406)' This substance is light
yellow and still emibits a Gmelin
color play with nitric acid, but, also
like bilirubin, it does not give an
Ehrlich aldehyde reaction. In meso
biliru.bin the two vinyl groups charac
t,eristic of bilirubin have been reduced
to e.thyl groups. Further reduction
prod~oes a faintly yellow compound
r-Jlown as dihydromesobilirubin. This
substan~e gives an Ehrlich aldehyde re
action and on further reduction is con
verted to the colorless chromogen, meso
b1Iir°.lbinogen, (C33R4~N406)·

In the twenty years fqllowing
Fischer I s Isolation and identification
of mesobilir'.lbinogen withthe, crystal
line urobilinogen in thg urine, a num
ber of studies j , 16, 17,1 . had shown the
basic importance and practiqal.~alue of
dete~.iniLg the urobilinogen excretion
in the ur~e and feces, with special
reference to variationri in the rate of
blood destruction, and to disturbances
of liver function. It was c+ear, how
ever, that· alt':lgether too little infor
~ation wa~ at hand as to the essential
unity. of the compounds characterized by
the Ehrlieh reaction or by green fluo
resocence ',,:i,i:ih zinc ,.0 upon which the
various ~uantitative methods were rased.
Althougr. Fischer had clearly shown that
ffiesobilirubinogen was identical with a
crystalline urobilinogen excreted in
the urine, the possibility certainly
eXist~dthat the exereta might contain
other compounds characterized by these
reactions. It was of practical as well
as ~XDdamental importance to determine
wnether this wereOtrue, as if ~~ere

were. two or more urobilinogens ,the
possibility indeed existed that. the in
tensity of their Ehrlich aldehyde re
actions might be different, aDd conse
quently, that varying proportions of the
substances in any given sample would

lead to altogether different quantita
tive results, with ensuing confusion.
With tQese ~qnsiderations in mind, one
of us\C.J.W.), in 1930, working in Hans
Fisr.her's laboratory in Munich, began
the attempt to isolate mesobilirubino
gen, or any differing compound of this
series, from human feces. This work was
unusually arduous and disappointing.
Because of the lability ofmesobiliru
binogen, i t·was necessary to use kilo
gram quantities of starting material and
carry a long proeesFl of purification
through in the same day in order to
minimize the period of oxidation. The
methods under investigation often re
quired a twelve or fourteen hour period,
at the end of •...hioh time, with good
luck, a few ml. of an intensely Ehrlich
reacting solution would be available.
It was never possible, however, to ob
tain crystalline material in any of
these attempts. Nevertheless, by a
fortunate chance, crystals were first
obtained in 1931, which had urobilin or
stercobilin characteristics19,20. At
first it was not clear whether this sub
stance was a urobilin derived by simple
dehydrogenation ofmesobilirubinogen

i
,

but as a result of further work 2D,2 ,22,
it soon became oy.identthat this was not
the case. With:improved techniques it
became possible to isolate relatively
large amounts of orange-yellow crystal
line stercobilin from the feces. Reduc
tion with sodium amalgam led very easily
to a colorless chromogen exhibiting an
inten'se 1nrlich aldehyde reaction. How
ever, this could not be crystallized,
and indeed, in the years that have in
tervened, despite many attempts, sterco
bilinogen has never been prepared in
crystalline fOnT-. The possibility still
existed, however, that the erystalline
stercobilin was derived by simple oxida
tion of mesobilirubinogen, but that this
was not reverSible and that reduction led
to a different chromogen.. It was there
fore essential to dehydrogenate meso
bilirubinogen in vitro and crystallize
the resulting urobilin in order to com
pare it with the crystalline stercobilin
from feces. This was first accomplished
in 1933?1,23,24, and it was at once
evident that the material differed from
crystalline stercobilin. The latter was
more stable and readily yielded a beauti-

\

'\
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fully crystalline iron chloride molec
ularcompound, also a crystalline hy
drobromide~ Fischer, Halbach and
Stern25 found that crystalline sterco
bilin from feces is strongly levorota
tory, while the urobilin from mesobili
rubinogen is optically ~nactive*.

Lemberg and co-workers2 ,27 noted sig
nificant spectroscopic differences which
we have been able to confirm. Thus,
stercobilin has an absorption max1mum
at 4925 AO• These substances are iso
,lated primarily as the hydrochlorides,
the melting points of which are not
sharp. The free substances, however,
have much more distinctive melting
points, as will be noted in the follovr
ing.

From this work it was apparent that
the feces, at least lmder ordinary cir
clIDlstances, contain stercobilinogen
and stercobilin in major proportion
and that stercobilin differs signifi
cantly from the urobilin obtained by
simple dehydrogenation of mesobiliru
binogen. Evidence was obtained, how
ever, that the feces also contained
variable amounts of the latter substance
as well. Even though this could not
be crystallized in these earlier studie~

it was possible to identify crystalline
mesobilirubinogen after amalgam reduc
tion of- the mother liquor from which
stercobi~in had been crystallized5•
This- clearly revealed the presence in
these mother liquors of a urobilin which
could te hydrogenated to mesobilirubin
ogene Subsequent work to be mentioned
in the followil1g, fully confirms this
observation.

Upon the isolation of crystalline
stercobilin from feces, the question
at once arose as to whether it would
also be found in urobilin or urobilino
gen containing urine, using these terms

* ~i) urobilin. This has often been
designated as urobilin IX, ~ , but
this applies equally to stercobilin
and d-urobilin, all three being de
ri'ffitives of the protoporphyrin IX
of hemoglobin, the 0< methene bridge
being split out in the transition
to bile pigment.

in the broad sense, based solely on
green fluorescence with zinc or the
Ehrlich aldehjcde reaction. As noted
earlier, Fischer had already isolated
crystalline mesobilirubinogen from the
urine in two different instances. In a
study in this laboratory in 1935',it was
possible to isolate from the urine of a
case of hemolytic jaundice a large a
mount of crystalline mesbbilirubinogen
together with a consider~ble amount of
crystalline stercobilin2 • Crystalline
stercobilin was also isolated from the
urine in a variety of other diseases
such as cardiac failure wi~ passive
congestion of the liver, and cirrhosis
of the liver22 ,28. In these instances
no attempt was made to isolate the
chromogen itself and it is quite possi
ble that mesobilirubinogen was present
in significant amount along with sterco
bilinogen.

Thus it has become clear that the
term urobilin as used by Jaffe and many
others after h1m applied to a variable
mixture of at least two substances
occurring in both urine and feces.
Fischer quito naturally decided that
urobilinogen was identical with moso
bilirubinogen and the torm has came to
be used synonymously in this sense by
many writers. From a strictly chemical
standpoint it is best to employ it in
this way and to separate it sharply from
stercobilinogen on the one hand, and, as
we shall see in the following, from d
urobilinogen on the other. From the
clinical and physiological point of view,
however, it is necessary to have a single
term to cover the sum total of these
substances determined quantitatively by
means of the ~~rlich reaction, whether
in feces or urine or in other material.
On the basis of historical developmont,
one can certainly justify use of the
term urobilinogen for this purpose, and
we together with many others have used
it in this way. It is evident, however,
that this has already resulted in a cer
tain degree of confusion. Thus,
]aumg~rtel has drawn the incorrect con
clusion29 that we regard stercobilin as
identical with tho urobilin derived ~rom

mesobilirubinogen. This in spite of the
fact that the difference betwoon thane
substances, as already montioned, was

l
I
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first delineated in this laboratory.
To avoid any further confusion from
the standpoint of terminology, it is
suggested that in the future the terms
"urobilin or urobilinogen groups" be
employed to designate any result based
respectively on fluorescence with zinc
or the Ehrlich aldehyde reaction, in
discussing either ~ualitative or quan
titative studies of natural material.
This group includes tho levorotatory
stercobilin and its chromogen, sterco
bilinogen, the inactive urobilin and
its chromogen mesobilirubinogon (uro
bilinogen) and as will be discussed
below, the dextrorotatory urobilin and
its chromogen, d-urobilinogen.

The fact that thore was a third and
dextrorotatory compound in the group,
was first discovered in this laboratory
in 19423°. A study of fistula bile
revealed that in the presonce of in
fection and especially upon incubation
of infected samples in vitro, consider
able amounts of a dextrorotatory uro
bilin could bo obtained. This substance
was isolated in crystalline form. Its
absorption spectrum was shown to be
tho same as that of the inactive uro
bilin, thus differing from the levoro
tatory stercobilin. A further method
of distinction was found to be a blue
violet color roaction when the substance
was heated in dioxane containing a small
amount of hydrochloric acid. This will
be referred to again in the follOWing.
It was impossible at that time to ob
tain anything more than minute amounts
of the material and for various reasons,
chiefly related to the war, this study
had to be given up temporari~T. With
the advent of aureomycin, it became
evident that this substance has a pro
found influence on the bacterial flora
of the colon, amongst other things,
temporarily eliminating, or greatly re
ducing the ability of the flora to re
duce bilirubin to the urobilinogen group
31• After a variable period of time,
whether the,aureomycin is discontinued
or not, the flora resume their reduction
of bilirUbin, but instead of producing
stercobilinogen the;y produce mainly or
entirely a chromogen which on simple
oxidation gives rise to the dextrorota
tory urobilin. This observation has of

course given new impetus to the study of
d-urobilin, and the results of our re
cent work in this direction will be con
sidered in the follOWing.

The history of the various ooncepts
of origin of the urobilin group is of
considerable interest in its own right.
This has been reviewed in somo detail
elsewhere l ,5, and it will suffice now to
mention only those milestones which are
clearly pertinent to the present studies.
AltllOUgh urobilin had variously been re
garded as enterogenous, hepatogenous,
his togenous, hematogen<?us, and even
renal in derivation, the classic studies
of Friedrich v. MUller strongly support
ed the enterogenous theory as opposed to
all the others. v. MUller based his
main study on the well known fact that
in complete biliary obstruction, as
typified by carcinoma of the head of the
pancreas, the feces and urine are lack
ing in members of the urobilin group.
He fed urobilin free pig bile to such an
individual and observed "the transitory
appearance of urobilin ""in the feces and
urine. After the turn of the oentury,
however, the hepatogenous theory was re
newed, especially by Fischler, who claim
od that dogs, with a complete external
biliary fistula, excreted significant
amounts of urobilin in the bile3~ .Meyer
Betz l pointed out that the likelihood of
the dogs licking up some of their own
bile in these experiments, was not ex
cluded. As a result of the reports of
Fischler and others, McMaster and his
co-workers at the Rockefeller Institute
were induced to restudy the whole ques
tion of the origin of urobilin in a
series ~f well planned experiments in
dogs33 - 0. In brief, they found: 1) In
the presence ofa complete external
biliary fistula where there was no oppor
tunity for the dogs to obtain any of
their own bile, urobilin promptly dis
appeared from the feces and urine. 2)
In jury of the liver in such an imals,
whether with carbon tetrachloride or
other chemicals) failed to result in the
appearance of urobilin in urine or feces.
3) Artificial infection of the bile
fistula by means of small bits of feces)
was promptly followed by the appearance
of urobilin in the bile and urine. The
Rockefeller group concluded that urobilin

,

/

'-



- l'rO

was ente+,ogenous, but that it could be
formed by the activity of the bacterial
flora in the infected biliary tract.
Until rather recently, this view has
gone unchallenged, and tbs enterogenous
concept has been generally held. Since
World War II,. Baumgiirtel in Munich has
published rather extensively about a
concept which combines the hep~togenous

and enterogenous theories of formation
of members of the urobilin group29.
severa1

4
0ther inyestigators, including

Lemberg l ,Stich't2, and Rudolf43 , have
accepted Baumgiirtel's ideas either
Wholly or·in part. In brief, these
may be summarized as follows:

Bilirubin i.s said to be converted
.to mesobilirub~ogen in the liver but
not in the intestinal tract. The bac
terial flora of the colon convert bili
rubin only to stercobilinogen, not to
mesobilirubinogen. The hepatic con
version is believed to be due to a
specific liver cell dehydrogenase system
which is activated by hepatic injury
and "'blocked" by biliary obstruction.
Baumgiirtel claims to have carried out
the conversion ·of bilirubin. to meso
bili.rubinogen -by means of ste,rile "liyer
brei" in vitro, but the, description of:'
these experiments has never been" given
in any detail. It would beo~ parti
cular interest to know what type of
liver was employed and to what extent
the presence of bacteria was carefully
excludeq.~ As is well known, animal,
liver usually contains resident bacteria
and human liver gains bacteria rapidly
after. death. Baumggrtel states cate
gorically that the liver cell dehydro
genase is unable to reduce bilirubin to
stercobilinogen, conversely that. bac
terial dehydrogenases in the intestine
are unable"to convert mesobilirubinogen
to stercobilinogen. In more recent
papers, he has indicated that the con
version in the liver takes place in the
'bile rather than in the liver cell it
self. So far as can be determined, he
re~uires some degree of liver injury
for the activation of the necessary
enzyme. As noted above, we have ob
served that aureomycin temporarily
abolishes or greatly reduces bilirubin
reduction in the colon, and for a short
time after its administration has been

commenced, the urobilinogen gr~up dis
appears from the feces and urine. When
it returns, it is represented by tile
dextra-variety. Baumgiir~~l, however, 
has recently stated that the reason
for the disappearance of urobilinogen
is not so much the .effect of aureomycin
on the intestinal flora, as it is a
blocking effect on the liver cell de
hydrogenase. 1his implies a type of
liver cell injury. Thua, Baumg~rtel's

concept is in the curious position of
requiring that biliary obstruction and
aureomycin, on the one hand, depress the
liver cell d~hydrogenase, while liver
injury of other types, such as cirrhosis
and hepatitis, activate or heighten its
effect •. Baumg~rtel states that if di~

hy~rostreptomycin is given by mouth,
the urobilinogen group disappears com
pletely from the feces, but that in
cases exhibiting urobilinogenuria, there
is a persistence of mesobilirubinogen
(urobilinogen) excretion in the urine.
This h.e construes as being hepatic in
origin. Our recent studies bear. in con
siderable ext~nt on" Baumgiirtells .con
cept. The results of these will be dis
cussed in the following. Reference may
first be made, however, to certain "
earlier studie.s in this laboratory which
evidently were not taken into considera
tionby B~umgiirtel, in the development
of hispre-sent cone·ept. We reported
that" mesobilirubinogen added to .feces
and incubated

4
was converted in part to

sterc()bilin5, '5 •. BaumgMrtel, without
mentioning these experiments, states
that he was unable to effect: such a .CQn~

version in a similar experiment andtha t
in fact, such a result is out of the
~uestion. Baumgiirtel has also failed to
consider the significance of d-urobilin,
especially that first observed in infect
ed fistula'b~·le, and never encountered
in sterile bile. This is directly in
line with the above mentioned. observa
tions of. McMaster and his associates.

(II) Recent Studies

A. Methods of isolation and crystal
-lization

Avery much simpler and generally
more satisfactory method of isolation of
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the members of the urobilin group has
been worked oU~6~d is reported in de~

tail elsewhere ,7. These studies
have included the direct conversion,
in vitro, of bilirubin to urobilin.
The method depends upon petroleum ether
extraction of the chromogen, conversion
to the respeotive urobilin by iodine in
the petroleum ether, extraction of the
pigment with water, conversion to the
hydrochloride, extraction by'chloro
fo:r:m, precipitatio~ from a large volume
of petrolem ether followed by pr1mary
crystallization from chlorofo:r:m-acetone.
This method is of equal value whether
applied to solutions of mesobilirubino..
gen as obtained by reduction of bili
rUbin, or to the urobilinogen grou~in

any given sample of feces or urine 7.
Recrystallization is effected to best
advant~ge by solution in a small amount
of methyl aloohol, concentration under
reduced pressure to a syrup, addition
of hot ethyl acetate, and further con
centration under reduced pressure. On
cooling, the pigment which is prepon
derant, whether stercobilin, i-urobilin,
or d-urobilin,' crystallizes in beautiful
fashion. This method has the advantage
of avo'iding chlorofo:r:m. As reported
preViously ohlorofo:r:m is incorporated
in the molecule as chloroform of crystal
lization, which as will be noted sub
sequently, prevents an x-ray crystal
pattern. This method of recrystalliza
tion has also paved the "tTay for the
Crystall1zatioll of free d-urobilin, for
the first tme 7. This has hitherto
been mpossible frem chloroform or
acetone or other solvents that have
been attempted. To prepare the free
d-urob i lin , the hydrochloride is dis
solved in a small amount of dilute
sodium carbonate solution. It is then
acidified in a separatory funnel with
5% tartaric acid and at once extracted
wi th chloroform. A min1m.um amount is
used, as a number of extractions are
necessary. The chlorofo:r:m is filtered
through chloroform moistened paper and
poured into a large volume of petroleum
ether. The precipitated free d-urobilin
1s collected on a filter paper and dis
solved in a very sinall amount of methyl
alcohol. This is concentrated to a
minute volume un~er reduced pressure.
It is warmed and several ml. of hot

acetone are added, emall portions at a
time, stopping at the point of 'any tur
bidity. On cooling, the free substance
crystallized in long needles. This
method is also much more satisfactory
for the preparation of free stercobilin
and the~nactive urobilin.

2. d-urobilinogen and mesobil1
rubinogen.

d-urobilinogen has now been
crystallized on manyocoasions from the
feces of Pt~ients who have received
terramyoin and it undoubtedly could
also be obtained after the administra
tion of aureomycin. The method is as
follows: The feces are repeatedly ex
tracted with 95% alcohol. The alcoholic
extracts are then run through an alumi
num: oxide* oolumn which retains the d
urobilinogen. The latter is subsequent
ly eluted with water and af~er acidifi
cation with glacial acetio acid, is ex';'
trected into petroleum ether. The com
bined petroleum ethers are washed sever
al times with water, filtered and then
concentrated to a small volume under re
duced pressure. On standing, the light
yellow crystals of d-urobilinogen appear
in this'solution. Recrystallization is
aocomplished from a small amount of warm
ethyl acetato.

Mesobilirubinogen has also been iso
lated frbm. human feces, in one instance
from a patient with hemolytic anemia who
had not been treated with anti-biotics,
and more recently from a woman who had
been given terramycin and who first ex
creted d-urobilinogen. After approxi
mate).y on month, the d-urobilinogen was
replaced by mesobilirubinogen which has
now persisted for four months, The
method for isolation is identical with
that for d-urobilinogen except that the
petroleum ether must be taken to dryness
after which the white residue is dis
solved in a fewm.l. of wa:r:m'ethyl ace
tate. The characteristic crystals of
mesobilirubinogen form in this solution
on standing. Their appea.rance, plus the
melting point and ease of oxidation to
the inactive urobilin, serve to identify

* Baker and Adamson.

.
I
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it easily.

B. Conversions

1. Mesobilirubinogen to sterco
bilin.

As indicated in the foregoing,
evidence had previously been gained in
this laboratory that mesobilirubinogen
could be converted to stercobilinogen
by the activity of fecal bacteria.
This has been denied by Baume~rtel.

Since this was a point of much basic
significance, experiments were under
taken to confirm or deny our previous
results. In these earlier studies,
reliance had been placed solely upon
the isolation of larger amounts of
crystalline stercobilin from samples
to which mesobilirubinogen had been
added, than from control samples. While
the differences seemed to be too great
to be otherwise explained than by a
transi tion of mesobilirubinogen to
stercobilinogen, it was determined now
to carry out the study by means of
cultures of fecal bacteria using N15
tagged mesobilirubinogen. Sborov, com
mencing his work in this laboratory 13.nd
continuing it at the Army Medical Ser
vice Graduate School in Washington, had
devised a simple cultural method per
mitting reduction, in vitro, of bili
rubin to stercobilinogen by means of
fecal bacteria.' This was based on the
work of Ktlmmerer and Miller49 of a quar
ter of a century ago, who were the first
to reduce bilirubin to an Ehrlich re
acting chromogen by means of fecal bac
teria in vitro. The chromogen was not
isolated or identified. Sborov and his
co-workers found that with suitable
modifications of tho cultural method,
they were able to reduce bilirubin con
sistently to stercobilinogen (this of
course does not exclude mesobilirubino
gen as an intermediary). In order to
obtain a supply of Nl ' bilirubin, it'
was necessary first to devise a metilod
of crystallizing bilirubin from human
feces. A few techniques that had boen
reported in the literature previously
were found to be quite unsatisfactory.
A new method was eventually worked out
and has proven very useful'O. It per
mits isolation of crystalline bilirubin

in gram quantities from the feces of
hemolytic jaundice patients who have re
cently received aureo-or terramycin. By
employing the new t9chnique of isolation
in such an individual and at the same
time giving him N15 glycine, it was
possible to obtain a considerable supply
of N15 labeled bilirubin. 'iliis was re
duced With sodium amalgam in the usual
way13 and the crystalline mesobilirubin
ogen was isola ted. It was then added in
varying amounts to fresh cultures of
human fecal bacteria. The data for a
typical experiment are given in the
following: Media which had been inocu
lated with 1 gm.. of normal feces con
taining 1.47 mg. of stercobilin, was
incubated for 12 hours at 370 C. During
this period a heavy growth of baoteria
took place. 82.4 mg. of mesabilirubino
gen labeled with .594 atom per cent
excoss of N15 was then added. After 48
hours of fur~ner incubation, the culture
was discontinued and extracted with
petroleum ether. The stercobilinogen in
this extract was oxidized with iodine
and converted to stercobilin, 9.8 mg. of
crystals being obtained. Identification
of the pigment as stercobilin was readi
ly accomplished through optical activity
measurement, absorption max:lmum and lack
of reaction in the dioxane-RCl and Lem
berg tests. Analysis revealed that it
contained .555 atom per cent excess of
N15, the only conceivable source of
which was the labeled mesobilirubinogen.
From this and other experiments with
entirely similar results, it was quite
clear that focal bacteria readily oon
verted mesobilirubinogen to sterCObilIn
ogen. The whole significance of this
observation will be discussed in the
following •.

2. d-urobilin to mesobilirubino
gen.

This conversion is easily carried
out by moans of reduction with sodium
amalgam or ferrous hydroxide. Crystal
line ~esobilirubinogenhas been isolated
repeatedly follOWing such conversion and
has in turn been converted by iodine de
hydrogenation46 to the optically inac
tive urobilin. This reduction is of
importance in the standard urobilinogen
procedure. 'ilie Ehrlich reaction of'
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d-urobilinogen is more intense than
that of either mesobilirubinogen or
stercobilinogen. Discrepancies on this
account do not occur, however, as with
the ferrous hydroxide reduction employ
ed in the procedure, both d-urobilino
gen and d-·xrobilin are ccnverted to
mesobilirubinogen before they are quan
titated. The ease of this reduction
is entirely similar to that observed
in the case of dihydromesobilirubin15,
the substance which is intermediary
between mesobilirubin and mesobilirubin
ogene This as a matter of fact, at
once suggested an identity between d
urobilinogen and dihydromesobilirubin.
The latter, however, has a different
melting point, and gives a Gmelin re
action, in this respect being clearly
distinct from crystalline d-urobilino
gen as isolated by the methods describ
ed in the foregoing. It should be men
tioned that d-urobilinogen can also be
obtained by reduction of d-urobilin,
if the reduction is sufficiently brief.
F~rther transition to m~sobilirubinogen

by addition of two more hydrogens occurs
rather quickly. In one of the first
papers on d-urobilin, it was reported
that the addition of mesobilirubinogen
to infected bile resulted in an in
creaoed formation of d-urobilin. TI1is
requires confirmatior. with tagged ma
terial, an experiment which has not
yet been carried out. In view of the
present very clear evidence that d-uro
bilinoger. has two loss hydrogens than
mesobil:l.rubinogen, this earlier result
is rather difficult to understand, never
theless it is possible that the direc
tior. may be reversed in a biological
system with the proper conditions.

3. d-urobilin to stercobilin.

Since it' has now been shown that
d-urobilin is readily reduced to meso
bilirubinogen and that mesobilirubinogen
is converted by means of fecal bacteria,
to stercobilin, it seems highly likely
that fecal tacteria are capable of con
verting d-urobilin to stercobilin. Pre
liminary studies Lave indicated that
this is correct.

4. d-urobilin to mesobiliviolin
and glaucobilin.

At the time d-urobilin was first
described, Dr. Schwartz discovered that
it behaved differently than stercobilin
or urobilin when heated in a solution
of dioxane containing a small a-rnount of
hydrochloric acid. In the case of d
urobilin, a violet and then dark blue
color was promptly observed on heating
the solution in a boiling water bath.
\11th stercobilin there vTaS little or no
change, while with the inactive uro
bilin, a violet and then dark blue
color was promptly observed on heating
the solution in a boiling water bath.
With stercobilin there was little or no
change, while with the 'inactive urobilin,
the color became pink or pinkish violet
and often faded rapidly. The d-urobilin
employed at that time was crystallized
from chloroform or c.hloroform acetone.
It was somewhat more red than the pure
material obtained with the present meth
ods as described above, and it was of
interest, therefore, to test the di-'
oxune-RCI reaction with the purest ma
terial. To our surprise it was found
that the blue reaction is not as intense
as with the less pure material such as
first obtained fram chloroform-acetone.
On heating for two minutes, the solution
becomes a dark violet rather than the
deep clue which characterizes the red
crystals from chloroform. If the color
ed mixture is esterified with methyl
alcohol-RC1, or methyl alcohol-H2S04'
and the mixture of esters taken into
chloroform, this in turn on to a column
of aluminum oxide and eluted with
chloroforQ-ether, according to Fischer's
mothodlS , a blue and a violet zone are
readily separated, tile former being more
intense with the esters obtained from
the less pure d-urobilin. As far as can
be determined, the blue compound is
identical with glaucobilin, and the

4
vio

lat, with mesobiliviolin. (Lemberg 1
use s the term me sob iliverdin for the
blue glaucobilin, the formula of which
is C33H~8N406)' The reason for the
lesser Intensity of the blue reaction
with the purest material, is not clear.
TIle possibility is considered that an
oxidative catalytic nnpurity is responsi
ble for the greater conversion which ob
viously occurs. Despite this difference,
the dioxane-ROl test remains a very
valuable one for purposes of detecting

\

\



d-urobilin in concentrates of urobilin
group solutions fl~m natural sources,
as from feces, urine, or bile. Pre
liminary studies of this method com
bined with optical activity measure
ments have yielded very encouraging
results, but are too preliminary for
discussion at this time.

c. Analyses

1. Melting points

It was previously noted that
the melting points of the m.Ambers of
the urobilin group crystallized as the
hydrochlorides from chloroform or ace
tone were not sufficiently sharp to
permit identification. The melting
points of free steroobilin and the op-
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,tically inactive urobilin from acetone,
are fairly distinctive. As pointed out,
however, it was impossible to obtain
satisfactory crystalline material with
d-urobilin, using acetone as a solvent.
The new methods of crystallization of
the hydrochlorides from methyl alcohol
ethyl acetate and of the free substance
from methyl alcohol-acetone have been
very helpful in providing sharper melt
ing points as seen in table I.

2. Elementary analyses

New analyses have b~en made of
the free (i) urobilin and d-urobilino
gen, with the results ehown in table II.
Preliminary analyses of the free d-uro
bilin, now being repeated, are in best
agreement with the formula C33H4ON406.

Table I

Melting Points of Urobilins

Free Hydrochlor ide

Stercobilin
(i) Urobilin
d-urobilin

2340 -2360

1760 -1770

170°-1710

1570 -1610

1590 -163 0

1620 _1650

Table II

Elementary Analyses

C Ff N

1. (i) urobilin Caloula. ted 67.12 7·12 9.49
C33H42N406 Found 67.00 7·23 9.43

2. d.urob ilinogen Calculated 67.12 7.12 9.·49
C33H42N406 Found 67.06 7.07 9.15

3. Absorption Spectra

The abs0t'J?~ion maxima of d-uro-

bilin and the optically inactive uro
bilin are identioal (4945 ~), while that
of stercobilin is at 4925~. The diE-
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tinctive infra red spectra* of the
three compounds will be reported in
detail elsewhere.

4. X-ray crystallograp~y

The x-ray crystal patterns* of
the hydrochlorides from chloroform
clearly indicated the presence of some
other substance in the crystal.. Evi
dence had alread~ been presented in
an earlier paper 2 for the presence of
chloroform in the crystals of sterco
bilin hydrochloride crystallized from
chloroform. Recrystallization of the
hydrochloride from methyl, alcohol-ethyl
acetate, confirmed this explanation,
as the crystals of the three members
of the group now gave excellent and
distinctive patterns. These will also
be described in detail separately.

5. Many attempts have been
made to measure the hydrogen uptake
of d-urobilin in being reduced to d
urobilinogen, or the hydrogen loss when
the transition is in the opposite diroc
tion, as effected by iodine. Measure
ment of hydrogenation has been unsatis
factory because of the variable frac
tion which goes on to meaobilirubinogen.
Hydrogen loss has also been difficult
to measure because variable fractions
are oxidized farther than to d-urobilin.

6. The optical activity of the
d-urobilin is as great or greater than
that of any known compound. The specific
activity of the purest material dissolved
in CHCl (the hydrochloride repeatedly
recrystJllized from methyl alcohol-ethyl
acetate), is approxtmatelY;0(2dOoC ~5000.
That of stercobilin hydrochloride·
stmilarly determined is ca.--4000.

D. Relationships based on the above
information. Although infonnation is
by no means complete as to the exact
character of the members of the urobilin
group, the newer data; which has been
described in the foregoing, permit a

* Dqtermined through the courtesy of
Profs. Bryce Crawford and Wm. Lips
comb, Division of Physica.l Chemistry,
University of Minnesota ••

much more confident· approach to a con
sideration of. relationships between
these individuals. As a better· means
of supporting th1s d.iscussion, a plan
of probable'relationships is seen in
table III. While the struc"[jure of d
urobilinogen has not yet been establish
ed, it seems clear that it is an isomer
of dihydromesobilirubin. The elementary
analysis, appearance and general be
havior of the compound, strongly support
this conclu~ion. It hag now become
clear that in terms of hydrogen content,
d-urobilin, far from being a stereo
isomer of stercobilin, has six less
hydrogens, actually less than the op
ticall,y inactive urobilin. These two
compounds stand in much closer relation
ship to one.another, both from the
standpoint of general behavior and the
number of hydrogens. It is believed
that d-urobilin is also an isomer of
mesobiliviolin. The initial conversion
to mesobiliviolin in the dioxane-HCl re
action is quite probably a matter of
molecular rearrangement. Mesobiliviolin
is optically inactive in contra-distinc
tion to the enormous activity of the d
urobilin. It appears quite unlikely
that this optical activity ia not due
to asymmetric carbon atoms, but rather
to an asymmetry of the molecule i tsalf.
This is also in much better accord with
the finding that on reduction to d-uro
bilinogen, the optical activity dis
appears or at least becomes so small
thatit is no longer measurable wi t.lJ. the
concentrations that can be examined.
Fischer and Siedel have suggested a
formula for stercobilin, including four
asymmetric carbon atoms, to explain its
remarkable levorotatory activity. The
fact that this activity is so great and
that it also disappears on simple reduc
tion to stercobilinogen, together with
the observations just mentioned in re
lation to the dextrorotatory urobilin,
may well bring into question the formula
that~,has been sugges--ted for stercobilin,
and this whole matter would appear to
re~uire renewed study. Although the re
lationship shown in table III indicate3
that d-urobilinogen represents an aber
rant pathway, the possibility exists
that it is" one of two isomeric dLlJ.ydro
mesobilirubins fOl~ed and rapidly con
verted to mesobilirubinogen, but that

'......
\
~

,
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Table III

Bilirubin and Related Compounds

- 2H

d-urobilin
(C33H40N406)

Stercobilinogen

(C33r:06)

Stercobilin
(C33H46N406)

Colorle.ss

Orange Red

Light Yellow

Reddish Ye llow

Faintly Yellow

Colorless

Orange Yellow

under the effect of aureo- or terramycin}
the bacterial flora are able to form
only one of the two isomers and not to
carry it farther. In our earlier studies
some emphasis was placed on the need of
an unknown fecal factor to permit the
transition to BO onward to stercobilino
gen} while in the infected bile d-uro
bilinogen appeared to be the end product.
It is possible that the action of aureo-

or terramycin is to remove or prevent
formation of same fecal metabolite need
ed for the normal ac tivity of the bac
terial flora} or to prevent them from
utilizing it. The fact remains that d
urobilinogen is very commonly encounter
ed in infected bile samples in patients
who have not received anti-biotics. The
available information would also be in
accord with a cor-cept in which d-uro-
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bilinogen ia the normal intermediary
between mesobilirubin and mesobili
rUbinogen. This is disoussed again in
the following.

(III) Discussion

The urobilin of Jaffa has clearly
become expanded into a group of three
very s :iln.ilar compounds, the levorota
tory stercobilin, the optically inac
tive urobilin, and a dextrorotatory
urobilin. It is olear that Vanlair
and Masius were thoroughly justified
in their use of the term stercobilin.
Nevertheless, it is also clear that
Jaffe's urobilin was probably sterco
bilin, at least in the main. This is
the preponderant member of the group
normally, ei ther in feces or urine. A
great deal of additional study is
n8cessary to learn more about tile pro
portion of the members of the group
that may be present tmder different
conditions. It is interesting that
MacMtum, (also the discoverer of cyto
chrome under the name of "histohematin")
noted that the urobilin of the bile
under certain circumstances differed
sligh~±y from that of the feces and
urine .It is possible that ~sMunn
actually encountered d-urobilin •

The direct conversi~n of bilirubin
to crystalline (i)* urobilin, in a
certain sense completes the chapter
which Maly began in 1871. There is
little reason to doubt that Maly's
hydrobilirubin was a mixture of (i) uro
bilin with other substances derived by
the dehydrogenation of mesobilirubin
or mesobilirubinogen, such as mesobili
violin and mesobilifuscin. The method
for p~gparation of crystalline uro
bilin as referred to in the foregoing,
proyides a rapid means of obtaining a
pure material for whatever purpose.
The new methods for isolation and
crystallization of stercobilin, (i)
urobilip and d-urobilin from natural
sources47 also make these compounds much
more easily available. The methods are
belieyed to be of special value in re
lation to isotope studies in accordance

* Optically inactive.

with the fundamental observations of
Shemin, Rittenberg, and London. The
application of the method makes it rela
tiyely easy to obtain stercobilin or d
urobilin (in patients who haye been
given aureo- ~r terramycin) in experi
ments where N 5 glycine has been giyen
to tag the protoporphyrin of the hemo
globin molecule and the various bile
pigments. We have employed this method.
in obtaining relatively large amounts
of Nl ) d-urobilin from oases of hemo
lytic jaundice to whom aureo- or terra
mycin has been administered**. In one
such instance it was possible to crystal
lize 6.2 gms. of bilirubin in the early
period after administr~~ion of aureomy
cin and 1.65 gillS. of N d-urobilin
during a subsequent ~eriod.. The atom
percent excess of Nl varies of course,
from sample to sample, but the amovnt
just given referred to materials with a
SUfficiently high content to be of value
in other experiments. This will be
described in detail elsewhere.

The recent studies which have been
referred to in the foregoing, olearly
reveal that mesobilirubinogen is inter
mediary between d.-urobilinogen and
stercobilinogen, but whether d-urobilin
ogen is normally in the pathway or not
remains t~ be determined. It is be
lieved to be one of the d.ihydromesobili
rubin isomers and as mentioned above,
the possibility exists that both isomers
are normally formed and rapidly convert
ed to mesobilirubinogen. If this is
true, one would have to aSStine that the
effect of aureo- or terramycin is to
emphasize the formation of the one isamel
(d-urobilinogen) and to block its fur
ther transition to mesobilirubinogen.
It is also possible however, that d-uro
bilinogen formation represents either
the normal or an abnormal sequence.
Further work is necessary to determine
this point. Cur earlier conclusion that
mesobilirutinogen is readily converted

** G. W. James52 has also obtained rela
tively large amounts of d-urobilin
from cases of hemolytic jaundice and
was kind enough to submit some of
material to us for comparative
purposes.

"\
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to stercobilinogen by fecal bacteria
has been fully confirmed i£~the pres
ent studies. The use of N ~ mesobili
rubinogen in cultures of fecal bacteria
has provided the clearest evidence on
this point.

While our own studies de not exclude
a formation of mesobilirubinogen in
the liver, they show that this is not
required to bring the available infor
mation about the urobilin group into
harmony. Baumg~rtel's thesis that
mesobilirubinogen is formed only in tho
liver depends in considerable part on
the belief that it cannot be converted
to stercobilinogen by the activity of
fecal bacteria. He has recently claim
ed that the disappearance of the uro
biHnogen group from the intestine when
aureo- or terr~vcin is given, is due,
not to an interference with bacterial
reduction of bilirubin, but rather to
a specific block of the necessary de
hydrogenase system in the liver. Since
he has also stated repeatedly that liver
injury is necessary for the formation
of mesobilirubinogen, it would appear
ttlat he requires a specific type of in
jury for this activity, While other,
types, such as. biliary obstruction,
block it. He has not indica ted the
category in which he places carbon
tetrachloride and toluylene-diamine in

. this regard. This is important, since
McMaster and his co-workers years ago
showed that while these substances
regularly causedurobilinuria in the
intact dog, they did not produce it in
th.edog with a total external biliary
fistula. This result seems of critical
importance to us, but Baumg~rtel refers
only to McMaster I s experiments with
li.ver injury in the presence of complete
biliary obstruction, stating that the
"enz;yme block" as already mentioned, is
responsible for the lack of urobilino
genuria under these circumstances. Ob
viously, this could scarcely apply to
the experiments in the bile fistula
dogs.

Baumg~rtel claims that when dihydro
streptomycin is given by mouth to human
beings it produces a complete disappear
ance of the urobilinogen group from the
fecet=:, (·ut at the same time, if th~ in-

dividual had mesobilirubinogen in the
urine at the outset of the experiment,
it does not disappear. Assuming that
this were correct*, it would not how
ever, require an hepatic~ formation of
the mesobilirubinogen nor exclude a
bacterial one in the colon. Evidently
he did not consider the possibility that
the dihydrostreptomycin had simply low
ered the reducing ability of the bac
terial flora in the cecum to the point
where the mesobilirubinogen-stercobilin
ogen transition no longer occurred. If
a t the same time the mesobilirubincgen
formation was relatively small, it is
not at all inconceivable that all of it
was reabsorbed and excreted in the urine.
We have (mder observation at the present
time a case of hemolytic jaundice in
which the findings bear to some extent
on this question. In this instance the
administration of terramycin at first
resulted in almost complete disappear
ance of the urobilinogen group from the
feces, with excretion of bilirubin.
After a short time the amount of bili
rubin rapidly declined and increasing
amounts of d-urobilinogen were observed.
Although the terramycin was stopped the
d-urobilinogen persisted for same weeks,
after which it became apparent that the
patient was now excreting mesobilirubin
ogen, easily converted into vitro to (i)
urobilin. At the present time, as a
matter of fact 5 months after cessation
of terramycin this patient is still
excreting mesobilirubinogen as the pre
ponderant substance, in fact it has
been impossible to demonstrate either
stercobilin or d-urobilin. This clearly
indicates that the effect on the tac
terial flora may be' of relatively long
dl1.ration •. It seems quite Unlikely to us
that these findings could be explained
on the basis of an hepatic origin of
mesobilirubinogen. In another case'd-

* We have thus far repeated this experi
ment in two indiViduals, one wi~~ cir
rh'osis of the liver, one w'fth familial
hemolytic jaundice. In neither did
the fecal urobilinogen disappear, and
in fact in the case of hemol;y-tic
jaundice there was no significant re
duction in amount even after a week
on the drug.



- 179 -

19. Watson, C. J. '-
ztschr. f. phyaiol.Chem.,2O'4:57, 1932.

17. Lichtenstein, A. and Terwen, A. J. L. t

Deutsches Arch. f. kIin.Med., 1:72,
1925. ...

urobilinogen is still preponderant in
the feces nine mqnths ,after discon
tinuance of the terramycin. If it
were be ine; formed in the liver, as a
precursor of mesobilirubinogen, or vice
versa, one would have to assume that
a terramycin effect on the liver had
actually persisted for this entire
period after its discontinuance, which
appears highly improbable.

There is much reason to believe
that in hemolytic states, in which
large amounts of bile pigment are en
tering the intestinal tract, the pro
portion of mesobilirubinogen appearing
in the feces is greater (in comparison
with stercobilinogen), than under nor
mal circumstances. This is emphasized
by Meyer53 who did not believe in an
extraintestinal origin. Our recent re
sults indicate that this increase in
the proportion of mesobilirubinogen is
du~ to a relative inability of the
~acterial flora to effect reduction to
stercobilinogen.

In the foregoing, special emphasiA
has been placed on the evidence which
is readily marshalled against BaumgMr
tel'S conce~t, as it appears that cer
tain others 1,42,43 have accepted with
out question his belief in the dual
origin of the urobilinogen group and
in the impossibility of conversion of
mesobilirubinogen to stercobilinogon.
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II. MEDICAL SCHOOL NEl-IS

Coning Events

November 21 J. B. Johnston Lectureship
in Neurology; "Hypophysectomy in Man,"
Prof. Herbert Olivecrona, Professor of
Neurosurgery, Stockholm, Sweden, Muse
um of Natural History Auditorium;
8 :00 p.m.

November 21-22 Continuation Course; Con
ference on Pemphigus and tile Bullous
Dermatoses for Dermatologists

December 4-6 Continuation Course in En
docrinology for General Physicians

December 5 Journal-lancet Lecture; "Some
Studies on Experimental Diabetes, " Dr.
Dwight J. Ingle, Senior Research Sci
entist, Research Division} The upjohn
Company, Kalamazoo, ~ictigan; Owre f~

phitheater; 8:00 p.m.
December 15-17 Continuation Course in

Gynecology for Specialists

* * *
Continuation CO'lrse

On November 21 and 22, the Univer
8i ty of Minnesota will present a "Con
ferenoe on Pemphigus and the Bullous
Dennatoses" for dermatologists. The one
and-a-half day session will be devoted to
the r',onsideration of the pathology, phy·.
siology, clinical characteristics, and
treatment of the bullous dermatoses.

Several distinguished authorities
in this field will participate: Dr.
Herman Beerman, Chairman and Professor,
Department of Dermatology and Syphilol
ogy} Graduate School of Medicine, Univer
sity of Pennsylvania, Philadelphia; Dr.
Walter F. Lever, Instructor, Department
of Dermatology, Harvard University Med
ical School} Boston; and Dr. Stephen
Rotr~an, Professor and Head, Section of
Dermatology and SJ~hilology} Gniversity
of Chicago. The course will te pre
sented under the direction of Dr. H. E.
Michelson} Professor, Department of
Medicine, and Director, Division of Der
matology; and the rerr~inder of the
faculty will include members of the
clinical staff of the University of
Minnesota Medical School and the Mayo
Fo;mdation.

Dr. George E. Moore To Leave

Dr. George E. Moore} Associate Pro·
fessor, Department of Surgery, has been
named Director and Chief of Surgery at
the Roswell Park Memorial Institute in
»lffalo} New York. Jmnouncement of Dr.
Moore's appointment was made recently
by Dr. Herman Hilleboe, New York state
Health commissioner. The Roswell Park
Institute is a cancer hospital and re
search center which is affiliated with
the university of Buffalo Medical School
where Dr. John Paine} former member of
the university of Minnesota Surgery ~e

partment} is chief of surgery. Dr.
Moore's appointment cames as recognition
of his outstanding work in the cancer
field, and his friends and colleagues in
Minnesota join in extending him best
wishes for success in his new post.

* * *
Faculty News

On November 6, Dr. Irvine McQuarrie
spoke at the meeting of the North Caro
lina Pediatric Society which was held
at Duke University Medical School) Dur
ham, North Carolina. His subject was
"Clinical and Metabolic Studies OD Spon
taneous Hypoglycemia. II He also present
ed a paper entitled "Cushing' s Syndrome
in Children" at the Annual meeting of
the Interstate Postgraduate Medical As
sociation in Cleveland} Ohio} on Novem
ber 11.

Doctors Lewis Thomas, Lewis Wanna
maker} and Floyd Denny visited Fort
Warren Air Force Base, Cheyenne, Wyo
ming} on October 30 and 31 as consult
ants to the Surgeon General to advise on
future activities of the Streptococcal
Disease Laboratory ther~ and to report
on research now in progress at the Uni
versity of Minnesota Eeart Hospital.

Dr. Robert B. Howard} Director,
Department of Continuation Medical Edu
cation} and Assistant Professor, Depa~t

ment of Medicine, was recently elected
to membership in the Minnesote Society
of Internal Medicine.
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UNIVERSITY OF MINNESO~A MEDICAL SCHOOL
WEEKLY CALENDAR OF EVENTS

Physicians Welcome

November 17 - 22, 1952

Monday, November 17

9:00 ~ 9:50

9:00 - 10:50

10:00 - 12 :00

11:30 -

11:30 - 12:30

12 :15 -
12 :30 - 1:30

1:30 - 2:30

4:00 - 5 :30

4;.00 0- 5:00

4:30 -

4 :30 -

4:30 - 6:00

Medical School and University Hospitals

Roentgenology-Medicine Conference; °L. -G. Rigler, C. J. Watson and
Staff; Todd Amphitheater, U. H.

Obstetrics and Gynecology Conference; J. L. McKelvey and Staff;
W-612, U. H.

Neurology Rounds; A. B. Baker and Staff; Station 50, U~ H.

Tumor Conference; Doctors Kremen, Moore, and Stenstrom; Todd Amphi~

theater, U. H.

Physical Medicine Seminar; Heart Hospital Auditorium.

Obstetrics and Gynecology Journal Club; Staff Dining Room, U. H.

Physiology Seminar; The Anti Gonadotropic Effect of Lithosper.m;
Elizabeth Cranston; 214 Millard Hall.

Pediatric-Neurological Rounds; R. Jensen, A. B. Baker and Staff; U. R.

Seminar on Fluid and Electrolyte Balance; Gerald T. Evans; Todd Amphi
theater, U. H.

Pediatric Seminar; Subject to be announced; Dr. Colle; Sixth Floor
West, U. H.

EGG Reading Conference; James C. Dahl, et al; Staff Room, Heart
Hospital~

Public Health Seminar; 15 Owre Hall.

Physiology 114A and Cancer Biology 140 -- Research Conference on
Cancer, Nutrition, and Endocrinology; Drs. Visscher, Bittner, and
King; Hormonal Mechanisms in Mice in Relation to Breast Cancer; J. J~

Bittner; 129 Millard Hall.

5:00 - 6:00 Urology-Roentgenology Conference; C. D. Creevy, O. J. Baggenstoss,
and Staff; Eustis Amphitheater.

Minneapolis_ General ~pital

9:30 - Pediatric Rounds; Eldon Berglund; Newborn Nursery, Station C. 0

10:30 - 12:00 Tuberculosis and Contagion Rounds; Thomas Lowry; Station M.

11:00 - Pediatric Rounds; Erling Platou; Station K.

12:30 - Surgery Grand Rounds; Dr~ Zierold; Sta. A.

1:00 - X-ray Conference; Classroom, 4th Floor.

2:00 - Pediatric Rounds; Robert A. Ulstrom; Stations I and J.
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." .:/ ,Mqnday ,; .NCj)16mol;:n" 17, (Cant .. )

Ancker Hospital
. '," ..

• • t • ~

.~' - . -.... '~ . -" ..

9:00 - 9:50

9:00 - 12: 01)

12 :30 - 1:20

.12:30 1:30

4:00 ''5:00

4:30 - 5 :30

4:30 -

5:00 - 6:00

8:30 - 10:00 Chest Disease Confe.r.errce.- .,.~

1:00 2:00 Medical Grand Ro~s.

7eterans Administration Hospital

8:00 - 9:00 Neuroradiology Conference'; "J. Jars"ens, R. C. Gre.y; 2nd Floor Annex•.

?:OO - G. I. Rounds; R. V. Ebert, J. 'A.::Wils·on; Norman ShJ:'1'fter;B'ldg. "I.

11:30- X~rl'ty ·Conferen'ce;J. Jdrge~s,Conf~rence Ro~m, I\ldg. 1.

2:00 - Psychosomatic Rounds; Bldg~ 5.
" . . ~

3:30 - Psychosomatic Rounds; C. K. Aldrich; Bldg.' I.

",

Tuesday, November 18

Medical School and University Hospitals

Roentgenology-Pediatric Conference; L. G. ~igler, I. McQuarrie and~

Staff;~ustis ~phitheater, U. H.

Cardiovasc,ular Rounds; Station 30, V. H.

Pathology Conference; Autopsies; J. R. Dawson and Staff; 102 I. A.

PhY8io10gy,l14D~- Curront~Literature Seminar; 129 Millard:Hall.

. Pediatric RoundS-on Wards;"I.·McQuarrie and Staff; U. H.

Clinical-Medical-Pathologieal Conference; Todd Pmphitheate~, U. H.

ECG Reading Confer9nco; James C. Dahl, et ali Staff. Room, Heart
Hospi tal.

X-Ray Conference; Presentation of Cases from St. Cloud Hospital;
Doctors Nessa and ~derson; Eustis Amphitheater, U. R.

Ancker Hospital

9 :30 Medical-Roentgeno:!::ogy Conference; Auditorium.

'~:oo - 2:30 X-ray - Surgery Conference; Auditorium.

Minneapolis General Hospital

10:00 - Pediatric Rounds; Spencer F. Brown; Stations I and J.

In:30 - 12:00 Modicine Rounds; Themas Lowry and Staff; Station F.

12 :30

12 :30 

12 :30 -

1:00 

1:00

Grand Rounds; Fractures; Sta. A; Wil}drdWhite, et ale

Neuroroentgenology Conference; O. Lipschultz, J. 'C. Michael and Staff'.

EKG Conference ; Boyd. Thomes and Staff;- 3'02' Harrington Hall.

Tumor Clinic;" Drs. Eeier, 'Cal, and Lipschultz.

Neurology Grand ~ounds; J. C. Michael 'and Staff.
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Tuesday, November 18 (Cont.")

veterans Adm~istrationHospital

3:30 - 4:20 Clinical Pathological Conference; Conference Room, Bldg. I.

Anesthesiology Conference; Conferenco Room, Bldg. I.

Infectious Disease Rounds; Dr. Hall.

Surgery Journal Club; Conference Room, Bldg. I.

Liver Rounds; Drs. Nesbitt and MacDonald.

Surgery-Pathology Conference; Conference Room, Bldg. I.

Surgery Tumor Conference; L. J. Hay; J. Jorgens; Conference Room,.
Bldg. I.

1:00 - Chest Surgery Conference; Drs. Kinsella and Tucker; Conference Room,
Bldg. I.

2:00 - 2:50 Dermatology and Syphilology Conference; H. E. Michelson and Staff;
Bldg. III.

7:30 

8:30 

8:45 

9:00 

9:30 -

10:30 -

8:00 - 9:00

11:00 - 12:00

12 :30 - 1:20

1:30 - 3:00

4:00 - 5 :30

4 :30

Wednesda.y, November 19

Medical School and University Hospitals

Roentgenology-Surgical-Pathological Conference; Paul Lober and L. G.
Rigler; Todd Amphitheater, U. H.

Pathology-Medicine-Surgery Conference; Medicine Case; O. H. Wangen
steen, C. J. Watson and Staff; Todd Amphitheater, U. H.

Radioisotope seminar; Film: 'Ihe Radioisotope: Part IV. Methodology
~~-5145-C; 12 Owre Hall.

Physiology 114B -- Circulatory and Renal System Problems Seminar;
Dr. M. B. Visscher, et a1; 214 Millard Hall.

Physiology 114c -- Permeability and Metabolism Seminar; Nathan Lifson;
214 Millard Hall.

ECG Reading Conference; James ·C. Dahl, et al; Staff Room, Heart
Hospi tal.

5:00 - 5:50 Urology-Pathological Conference; C. D. Creevy and Staff; Eustis
Amphi theater, U. H.

8:00'- 10:00 Dermatological-Pathology Conference; Review of Histopathology Section;
R. Goltz; Todd Amphitheater, U. H.

Ancker Hosp i tal

8:30 - 9:30 Clinico-Pathological Conference; Auditorium.

2:00 - 4:00 Medical Ward Rounds;

3:30 - 4:30 Journal Club; Surgery Office.

Minneapolis General Hospital

I

9 :30 - Pediatric Rounds; ~1ax Seham; Stations I and J.
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~ednesday, Nove.moer 19 (Cont.)

Minneapolis General Hospital (Cont.)

10:30 - 12 :00 Medicine Rounds; Thomas Lowry and Staff; Station D.

11:00 

11:00

12 :00 

12 :30 -

1:30 -

Pediatric Seminar; Arnold. Anderson; Classroom, StatioD I.

Pediatrio Rounds; Erling S. Platou; Station K.

Surgery-Physiology Conference; Drs. Zierold and E. B. Brown; Classroom.

. Pediatric Conferenoe; Closed Head Injuries; Lyle A. Frenoh, Station I
Classroom.

Visiting Staff Case Presentation; Station I, Classroom.

2:00 - 4:00 Infectious Disease Rounds; Main Conference Room, Bldg. I.

4:00 - 5:00 Infectious Disease Conference; W. Spink; Conference Room, Bldg. I.

Veterans Administration Hospital

8:30 - 10:00. Ortllopedic X-ray Conference; E. T. Evans and Staff; Conferenoe Room,
Bldg. I.

8:30 - 12:00 Neurology Rehabilitation and Case Conference; A. B. Baker.

4: 00 - Combined Medical-Surgical Conference j Conference Room, Bldg. I.

7:09 p.m. Lectures in Basic Science of Orthopedics; Conference Room, Bldg. I.

12 :30 -

1:30 

4:00 

4:30 

4:30 -

Thursday, November 20

Medical School and University Hospitals

8:00 - 9:00 Vascular Rounds; Davitt Felder and Staff Members from the Departments
of Medicine, Surgery, Physical Medicine, and Dermatology; Heart
Hospital Amphitheater.

9:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; E-22l, U. H.

11:00 - 12:00 Cancer Clinic; K. Stenstrom and A. Kremen; Todd Amphitheater, U. H.

Physiological Chemistry Seminar; Riboflavin Antimeta'bolites; W.
Mizuno; 214 Millard Hall.

4:00 Cardiology X-ray ~onference; Heart Hospital Theatre.

5:00 Physiology-Surgery Conference; Todd Amphitheater, U. H.

5:20 Ophthalmology Ward Rounds; Erling W. Hansen and Staff; E-534, U. H.

EGG Reading Conference; James C. Dahl, et ali Staff Room, Heart
Hospital.

5:00 - 6:00 X-ray Seminar; Thoracio Surgery Conference; Dr. Varco, et ali Eustis
Amphitheater, U. H.

7:30 - 9:30 Pediatric Cardiology Conference and Journal ClUb; Review of Current
Literature 1st hour and Review of Patients 2nd hour; 206 Temporary \..
Wast Hospital.
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Ancker Hospital

Veterans Administration Hospital

Minneapolis General Hospital

: .' ~

Medical Pathological Conference; Auditorium.

Neurology Rounds; Heinz Bruhl; Station I.

Pediatric Rounds; Spencer F. Prown;Station K.

Psychiatry Grand Rounds; J. C. Michael and Staff; Sta. H.

Pediatric Rounds; Erling S. Platou; 7th Floor.

Fracture - X-ray Conference; Dr. Zierold; Classroom.

House Staff Conference; Station I.

Surgery Ward Rounds; Lyle Hay and Staff; Ward 11.

Surgery Grand Rounds; Conference . Room; Bldg. I.

Surgery-Roentgen Conference; J. Jorgens; Conference Room, ~ldg. I.

4:00 -

9:30

10:00

10:00

11:00 -

1:00 •

1:00 -

8:00 

8:00

11:00 -

friday, Jfovember 21

Medical School~ Uhiversity Hospitals

8:00 -' 10:00 Neurology Grand Rounds; A. B. Baker and Staff; Station 50, :U. H.

9 :00 - 9 :50 Medicine Grand Rounds; C.J. Watson and Staff; Todd Amphitheater, U. H.

10:30 - 11:50 Medicine Rounds;C. J~'Watsoo and staff; Todd 'Amphitheater,: U.. ·H...

10:30 - 11:50 Otolaryngology Case Studies; L. R. Boies and Staff; Out-Patient
Department, U.: H'. • ' ,.' ., ":1,

Ancker Hospital

r

r

1l:45 - 12 :50

1:00,. 2:50

3 :00 - 4:00

4:00 - 5:00

4:30

5:00 -

Ubiversi ty of Minnesota Hospital:s Staff Meeting; The Syndrome of
Thrombosis of the Internal Carotid Artery; Sidney K; Shapiro and
William T. Peyt~n; Powell. Hall Amphi.theater.

Neurosurgery-Roentgenology, Confe~~nce;' W. T. Peyton, Harold O.
Peterson and Staff; Todd Amphitheater, U. H.,

Neuropathological Conference; F. Tichy; Todd Amphitheater, U. H.

Physiology 124 -- Seminar.in Neurophysiology; Ernst GelhorD; 113 Owre
Hall.

ECG Reading Conference; James C. Dahl, et al; Staff Room, Heart
Hospital.

Urology Seminar and X-ray Conference; Eustis Amphitheater, U. H.

1:00 - 3:00. Pathology-Surgery Conference; Auditorium.
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Friday, November 21 (Cont. )

Minneapolis General Hospital

9:30 

10:30 -

12 :00 -

. Pediatric Rounds, Wallace Lueck; Station J.

Surgery Conference; Oswald Wyatt; Tague Chisholm; Station I., Cla.ss~

room.

Surgery-Pathology Conference; Dr. Zierold, Dr. Coe; Classroom. -

!'
~.

1:00 - 3 :00 Clinical Medical Conferencei'!homas Lowry; Classroom, Station M.

1:15 -

2:00 -

X-ray Conference; Oscar Lipschultz; ClassroOm, Main Building.

Pediatric Rounds; Robert Ulstrom; Stations I and J.

Veterans Aaministration Hospital

1:00 - Pathology Slide Conference; E. T. Bell; Conference Room, Bldg. I.

10:30 - 11:20 Medicine Grand Rounds; Conference Room, Bldg. I.

Saturday, November 22

Medical School~ university Hospitals.
7:45 - 8:50 Orthopedic X-ray Conference; W. H. Cole and Staff; M-l09, U. H.

, .
9:00 - 10:30 Pediatric Grand Rounds; I. McQuarrie' and Staff; Eustis Amphithea:cer:.'

9:00 11:50 Medicine Ward Rounds;' C.' J. vlatson and Staff; Heart Hospital Amphi":
theater.

9:15- 10:00 Surgery-Roentgenology Conference; L. G. Rigler, J. Friedman, Owen H:.'
Wangensteen and Staff; Todd Amphitheater, U. H.

10:00 - ~1:30 Surgery Conference; Todd Amphitheater, U. H.

10:00 - 12:50 ObBt~trips and Gynecology Grand Rounds; J. L. McKe1vey and 'Staff;
Statwn 44, U. H.

11:30 Anatciny Seminar; Thrombocytopenic Purpura; F. E. Schaar; 226 Institute
of Anatomy.

Ancker Hospital

8:30 ~ '9:30 Surgery Conference; Audi tor itIDl.

Minneapolis General Hospital. .
11:00 - 12:00 Medical - X-ray Conference; O. Lipschultz, Thomas Lowry, and Staff;

Main Classroom.

11:00 - Pediatric Clinic~ C. D. May and Floyd Denny; Classroom, 4th Floor.

Veterans Aaministration Hospital

8:00 -

8:30 - 11:15
11:15 - 12:00

Proctology Rounds; W. C. Bernstein and Staff; Bldg. III.

Hematology Rounds; Drs. Hagen, Goldish, and Aufderheide
Morphology Dr. Aufderheide


