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I. LAST WEEK

Date:

Place:

Time:

Program:

March 10, 1938

Recreation Room
Nurses' Hall

12:15 to 1:45 P.M.

Iviovie: "Forest Gangsters"

Announcements
1. Lecture
2. Lecture
3. Guest: Dr. A. W~ Adson
4. Endocrinology

Roentgenologic Diagnosis of
Brain Tumors

Harold O. Peterson
Clarence P. Truog
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~larence Peter Tru~ was born
in Swanville, Minnesot-~ and
attended high school there.
University of Minnesota (B.S.
M.B., M.D. 1929)~ InternshiI
at Minneapolis General Hospi
tal 1928-29. In general pra.c.
tice at Lindstrom, Minnesota
until December I, 1936 when
he was appointed Fellow in
Radiology at the University c
Minnf,sota.

Gert rude Gunn.
Record Librarian.

II. MOVIE

Discussion: Clarence p. Truog
Harold O. Peterson
William T. Peyton
A. W. Adson
J. C. McKinley
Carl J. Lind

Ti tIe: "Hawaiian Holiday"

Released by:

I

present:

Authors:
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gerold Oscar Peterson was
born in Dalbo, Minnesota,
attended high school in .
Minneapolis, University of
Minnesota (B.S., M~B~, M.D.)
1934, Internship at Kansas
City General Hospital 1933
34, connected with Pathology
Department Glt;n Lake Sanator
ium, Oak Terrace, Minnpsota
1928-33. Full time 1930-31.
Appointment in Radiology
Massachu~etts General Hospi
tal 1935-36~ Appointment
in Radiology Department,
University of Minnesota
January 1, 1937. Now In
structor of Radiology. Has
been especially interested
in Neuroradiology. Is ad
ministering affairs of De
partment during sabbatical
leave of Head Radiologist
Leo G. Rigler.

I I I • AUTHOR TODAY

Felix Hughes Crago was
born in Wheeling, West Virginia, where
he attended high school. He took his
premedic work at West Virginia Univer
sity and his medicine at Duke Univer
sity where he graduated in 1935. He
came to the Twin Cities for an intern
ship at Ancker Hospital in St. Paul
(1935-36). Since July 1, 1936, he has
been a Fellow in the Department of
Medicine. His contribution today is
one of a series in the jaundice studies
conducted under the superVision of
Internist Cecil Watson.

IV. ST. PATRI CK' S DAY l!! THE MORNING

5:40 A.M. una the time
selected by Patrick J. O'Brien to mp$e
his triumphant entry into the world~

On the day of days for all Irishmen
and those of Irish extraction there
could not have been anything nicer,
so Dr. and Mrs. William A. 0' Bri en, Bill
Peg, and Kathl~en join with Patrick in
thanking you for your expressions of
good Will,!
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In human bile glycocholic acid pre
dominates, while taurocholic acid is
the more abundant in bile of carnivora.
In the dog's bile it is present alone.
The bile acids are present in the bile
as sal t s of one of the alkali s, general
ly sodium glycocholic ond taurocholic
acid may be obtained in the form of
crystals. When boiled with alkalies or
vcids these acids take up water and
undergo hydrolytic cleavage, the reac
tions are as follows:

sition, whereas taurocholic acid gives
rise to taurine HZN-CHZ-CH SOZOH and
cholic acid under like con8itlons. The
principal cholic acids are (cholic acid
CZ3H3S(OH)3COOH) (desoxycholic acid
C25H37(OH)2COOH) and (lithocholic acid
C25H3S( OH)COOH).

F. H. Crago

V. BILEACIDS

Human bile contains a mixture of dif
ferent types of bile acids in which the
cholic and deoxycholic acids predominate.
The conjugated bile acids, glycocholic,
taurocholic, glycodesoxycholic and
taurodesoxycholic acids are combinations
of cholic acid and desoxycholic acid
with taurine and glycine. In addition
to the above bile acids anthropodesoxy
cholic acid (chenodesoxycholic acid) and
lithocholic acid may also be present.
The bile acids are conjugate amino acids,
the glycocholic acid yielding glycocoll
NHzCHZCOO~ and cholic acid upon decompo-

CZ6H43N06 = CZ4H4005 + CHZ(NHZ)COOH

C26H43N06+HZO = CZ4H4005 + CHZ(NHZ)COOH
Glycocholic acid Cholic acid Glycocol(amino-acetic acid)

Chemistry of Bile Acids

,.

CZ6H43NS 07 + HZO
Taurocholic acid

CzJ±H4005 +
Cholic acid

CZH4NHZSOZOH
Taurine (amino-ethyl

sulphonic acid)

Cholic acid is a sterol derivative which is closely related to cholesterol.

It may possibly be formed from cholesterol by the action of the Kupffer cells
of the liver.

Cholesterol
II

!,

origin and Destruction of Bile Salts

Bile acids are formed solely by the
liver cells. It has been shown that if
the bile duct is ligated in birds, the
bile formed is reabsorbed and bile acids
may be detected in the urine and blood.
If, however, the liver is completely ex-

tirpated, then no trace of the bile
acids can be found in the blood or
urine. No bile salts are formed in the
body after total hepatectomy (Mann &
Bollman). Tests for bile salts were
made with liverless animals over a long
er period of time than is necessary for
bile salts to appear in the urine and
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blood following biliary obstruction.

Whipple and Smith fed massive doses of
bile salts to fistul~ dogs whi9h increas
~d the output in the bile markedly.
Never, however, was the amount fed ac
counted for. They believe that there is
some mechani sm i:<1 the liver for destruc
tion of bile sa.l ts. Ligat ion of the com
mon duct results in excretion of bile
snIts in the urine in constant aillounts.
This is only one half the quantity ex
creted by ~ogs of the saDe size with bile
fistulas. The normal animal must be
able to destroy large amounts of these
substances since ~hen fed over a long
period of time to norillal intact nogs
does not produce an appreciable increase
in the urine and feces. Bollman injected
bile salts intravenously into liverless
1cgs and recovered all in the urine.
Nakagawa, Iimuro and SUzuke gave a 20%
solution of sodium dehydrocholate intra
venously to humans and found that bile
salts appeared in the urine if liver
damage was present but none of the liver
was normal. They suggest this as a liver
function test. Smyth and. Whipple, and
Bollman noticed a great decrease in
urinary bile salt excretion after a~~in

istration of hepatotoxic drugs. Thus
we see that experimental evidence points
to the liver as being solely concerned
with the formation and destruction of
the bile salts.

Entero-Hepatic Circulation of Bile

The production of bile acids is a
specific function of the liver, but this
organ utilizes the bile acids returned
to it by the circulation. It is recog
nized that an additional function of the
liver is the conjugation of the bile
acids and that in hepatic disease this
abili ty is markedly reduced (Schoen
heimer, Andrews and Rrdina ,1932).
Similar results were obtained by Doubilet
& Colp 1936. The bile acids are re
sorbed from the intestine, carried back
to the liver and partially resecreted
in the bile in unaltered form. The in
troduction of glycocholic acid into the
dogs intestinal tract by Weiss (1884),
Bravost and Binet (1888~ and others
always led to the appearance of glyco
acid besides tauro-acid in the fistula
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bile.

The major portion of bile is re
sorbed during passage through the small
intestine. A small fraction, however,
escapes absorption, leaves the entero
hepatic circulation and escapes in the
feces. None, however, escapes in the
urine. The resorbed material passes
through the villi of the intestinal
mucosa, and reaches the portal circula
tion through the mesenteric veins. It
is assumed to be practically completely
absorbed from the portal blood flow
when passing the polygonal liver cells.
It is then resecreted into the biliary
vessels together with newly synthesized
bile acids. Bile acids, introduced
experimentally share the fate of the
resorbed bile. A part of the bile con
stituents may Ipass from the villi into
the lymph spaces and the cysterna
chyli, becoming a component of thoracic
lymph, ani may eventually join the
general circulation. Bile acids. how
ever, are returned to the liver under
physiological conditions through the
portal circulation an1 are not found
in the thoracic lymph (Josephson and
Ryding 1936). Bile acids under patho-'
logical conditions enter the general
circulation and this takes place either
through the lymph vessels or from the
hepatic vein, when the liver fails to
remove the biliary constituents from
the portal blood. The rich supply of
lymphatic vessels about the gall blad
rter wall allow bile acids partly to be
resorbed together with the greater
portion of the water during stasis of
the bile in the gall bladder.
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Entero-Hepatic Circulation of Bile
Sobotka - Williams & Wilkins Co.

Methods of Estimating Bile Acids

The literature is voluminous with
various quantitative methods of estimat
ing bile acids in blood, bile and other
body fluids. By and large, the majority
of these tests are based on the color
produced by the Pettenkofer reaction. AS
a result of these researches it has been
assumed that a positive Pettenkofer re
action given by specially prepared ex
tracts of norwal blood is an indication
of the presence of bile salts. Aldrich
and Bledsoe, on this assumption, found
that normal blood contains 2-6 mgm% of
bile salts. Perlzweig and Barron and
Gregory and Pascoe using the same re
action but different means of isolation
deny the presence of bile salts in normal
blood. N~lius 1887 found 15 other sub
stances that give a Pettenkofer reaction.
However, it is recognized by most present
day investigators that the Gregory
Pascoe reaction is specific for cholic
acid but that deoxycholic aCid, which
may be present in large proportion in
certain conditions, only gives one half
to two thirds the color given by cholic
acid.

Josephson (1935) devised a method
using barium hydroxide and alcohol and
again makes use of the Gregory-Pascoe
reaction using the Stufenphotometer of
Zeiss. He finds an average of 1.6 mgm%
bile acids in normal blood.

Scott U934) devised a method for the

detection of bile salts in body fluids
using a new color reaction depending
on the action of levulose and pure hydro
chloric acid.

Doubilet(1936) gives a differential
quantitative analysis of the predominant
bile acids present in bile. The total
bile acids and percentage of free bile
acid may be determined by this methoi.

Lichtman(1914) determined bile salts
in blood, bile and urine based on the
hemolytic property of bile salts on
sheep cells·.

Practically all methods given to
date are laborious, time consuming and
not generally applicable to clinical
use. The question of their specificity
in general is also doubtful.•

Bile Acids and Metabolism

Cholic, deoxycholic and dehydro
cholic acid depress the fasting blood
sugar level and prevent hyperglycemia
after injection of glucose experimental
ly (Brugsch and Horsters). Fuziwara
and Misaki have shown that injection of
bile salts lowers the glucose content
of the blood and increases the glycogen
content of the liver. Others have
found that administration of bile salts
lowered the renal glucose threshold.

Wisner and Whipple observed that



I

osteoporosis occurred in the bones of
dogs who lose all their bile through a
biliary fistula over a long period of
time. Administration of bile sal~s also
led to ~ greater output of calcium,
phosphates and magnesium in the bUe.
According to Sekito (1930) hypocalcemia
in fistula animals maY be counteracted
by administration of bile.

Experimental injection of cholic acid
tends to reduce creatinine excretion.
According to Okamura (1929) creatin~ne

excretion is reduced in obstructivejaun
dice. There seems to be no relation or
parallelism between bile salt and choles
terol content in the bile of dogs wiih
biliary fistula. '

Bradycardia

For over a century bradycardia has
been recognized as a clinical symptom
of icterus. Bradycardia is often over
shadowed by tachycardia however, due to
elevated temperatures in inflammatory
conditions associated with icterus. The
occurrence of tachycardia after injection
of small amounts of bile acids has been
reported by numerous investigators. There
are two explanations for the bradycardia
effect: 1. Possible action on the ner
vous system, and 2. A degenerative ef
fect on the heart muscle. Wickham and
Legg (1884) found an immediate effect of
bile acids on the isolated organ and
believed this effect was due to action
on the heart innervation. For the second
explanation Rywosch (1888) found muscles
stimulated by dilute solutions of bile
salts, while concentrated solutions co
agulated the tissue. Schack claims
loss of striation of the heart muscle,
swelling of the sarcolemma and coagula
tion of myosin. These effects, however,
would hardly play a role under physiolo
gical and pathological conditions since
highly concentrated bile was used.

Night Blindness and Bile Acids

Visual purple, also called rhodopsin,
erythropsin or visual red is the pigment
of the rods. It was observed in 1876
that the layer of the rods in the retina
during life had a purplish-red color
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which was bleached by the action of
light. The pigment occurs chiefly in
the rods and only in their outer part.
A solution of visual purple in water
which contains 2-5% crystallized bile,
which is the best solvent for it,
(Kuhne, Ewald and Ayres) is purplish
red in color, quite clear and fluores
cent. In diseases of the liver in
which bile salts are believed to cir
culate in the blood in increased quan
tity, the visual purple may be dis
solved out of the retina and therefore
rod vision impaired. (Starling). No
clinical evidence has bAen offered as
to whether this does occur. If it does.
this maY be the explanation.

Bile Acids and Resorption

There is no doubt that the resorption
of free fatty acids as well as that of
neutral fat, also of phosphatides and
of cholesterol is greatly enhanced by
bile acids. The saponification.
especially of saturated acids. as
stearic acid, is essentially acceler
ated in the presence of bile salts.
and also by a mixture of bile salts and
oleate (Pflueger 1901). (Q;uoted by
Sobotka) Bile acids also play a part
in the prevention of the formation or
precipitation of insoluble calcium e~d

magnesium soaps which occur in the
intestine in biliary obstruction and
in certain conditions in children
(Adler 1927). Fuerth and Minibeck
(1931) advance the theory that the
bile acids form an adsorption layer
on the membranes which acts like a turn
style admitting the fatty acids through
the membrane. The consensus of opinion
is that resorption of ingested choles
terol and of cholesterol excreted by
the intestinal mucosa requires the
presence of bile. Schoenheimer (1924)
found the resorption of cholesterol
hastened by ingestion of deoxycholic
acid, as shown by analysis of the in
testinal lipid residue in mice and
by the appearance of lipemia in rabbits.

The resorption of fat soluble
vitamin A and Vitamin D has some bear
ing on bile fistula anemia_ Seyderhelm
and Tammann (1927) showed that bile
acids are the essential substences which
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Clotting time
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prevent this type of anemia. However,
large doses of vitamin D are likewise
effective by making up for the impaired
resorption. Greaves and Schmidt (1934)
have shown that bile acids are indis
pensable for proper resorption of calcium.

It has been demonstrated by various
investigators that the action of certain
drugs, among which may be mentioned
strychnine, amidopyrine, phenacetine,
sodium salicylate, atropine and strophan
thus glucosides, are enhanced greatly
by their administration with bile.
(Kolda 1926)

Bile Acids and Enzymes

Bile acids have an accelerating action
on lipolytic enzymes. Rachford found
an 80% increase with glycocholic acid
and a 300% increase with bile for the
hydrolysis of an oil emulsion with rabbit
pancreatic juice. Rosenheim and Shaw
obtained 700% increase of the action of
pancreatic lipase on olive oil emulsions
with cholate and glycocholate. In gen
eral this same action has been noted on
the other digestive ferments.

The anti-coagulant effect of bile and
of bile acids is of special clinical in
terest. Haessler and Stebbins (1919)
found proportionality between clotting
time of blood plasma and quantity of bile
acids.

This effect was not based on preven
tion of thrombin formation since addition
of excess thrombin did not affect the
anti-coagulant action of the bile. They
believed that clotting time in icterus
may depend on the presence of bile acids
in the blood.

Deficiency of prothrombin is apparent
ly one of the factors responsible for
the hemorrhagic tendency in jaundice.
This deficiency also occurs in biliary
fistula animals fed on diets deficient
in fat soluble vitamins. Most normal
animals have a large excess of prothrom-
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bin in their blood. The liver may be
concerned with the formation or de
struction of prothrombin since hepato
toxins have been found to reduce this
substance in the blood. Snell and
Magath et al have isolated a substance,
vitamin K, in crude form from putrified
fish meal. This substance plus bile
salts when given to icteric patients
with increased prothrombin time promptly
returns this prothrombin time to normal.
Vitamin K alone does not do this. They
postulate that bile salts must be pres
ent in the gut before vitamin K is
absorbed.

Miscellaneous Effects

Extreme concentrations of bile are
said to produce marked damage of liver
cells (Von Dusch 1854) but Bratian~

Soloman and Bratianu (1933) by large
doses of "decholin lt in the rabbi t pro
duced no toxic effects on the liver cell
itself but rather on the canaliculi and
the connective tissue. This observa
tion may shed some light on liver
damage in obstructive and catarrhal
jaundice where bile is being regurgi
tated. Itching which accompanies ob
structive jaundice may be caused by the
action of bile acids on sensory nerve
endings.

The acute toxicity of bile and
bile acids, especially after intraven
ous introduction, is apparently based
on the paralyzing effect on the nerve
centers of the heart and of the respir
atory apparatus. Under experimental
conditions the MLD for intravenous ad
ministration lies between 0.1 and 0.4
grams per kilogram of body weight in
terms of bile salts or dried bile. The
appearance of acute gastric ulcers
after toxic oral or parenteral intro
duction of bile acids is well known.
The action of bile acids is antagonized
by phosphat ides, cholesterol oleate and
other lipoids. Tashiro (1931) suspect
ed that a number of agents known to
produce ulceration of the gastric muco
sa in guinea pigs such as epinephrine,
thyroxin and bacterial toxins, reduce
the phosphatide content of the blood
and thus remove this protection against
the bile salts which he assumes to be



circulating in liberal quantities in the
blood. Bayer (1908) showed that the bile
salts in general have an affinity for
the serum proteins in the blood. In
obstructive jaundice bile salts would be
expected to appear in the urine. This
~ppearance, however, may not occur since
they would be held within the circulation
by the serum proteins.

Gallbladder Disease

Substance stimulating hepatic secre
tion are now known as choleretics. Those
agents which cause emptying of the gall
bladder are known as cholagogs. The most
powerful choleretics are the bile acids
and their effect is essentially and. pri
marily choleretic. The effect, however,
is not purely one of stimulation, but
when reaching the liver they contribute
starting material for the formation of
the bile to be secreted. Whether they
exert a cholagog action in addition to
their choleretic properties, is not de
cided. Neubauer (1929h however, states
that decholin relaxes the sphincter of
Oddi and thus facilitates the bile flow.

Resorption of ingested cholesterol
and of cholesterol excreted by the in
testinal mucosa requires the presence
of bile. Schoenheimer (1924) found the
resorption of cholesterol hastened by
ingestion of deoxycholic acid.

A rational medical treatment for gall
bladder disease may then be based on the
above observations. Finkelstein, using
oleic acid as a cholagog and bile salts
as a choleretic in a series of 25 patients,
got a 72% marked or moderate improvement
in symptoms. Some patients with previous
non-functioning gall bladders by x-ray
showed a return of function after treat
ment. Sterner and Bartle (1931) demon
strated that sodium dehydrocholate (decho
lin) was non-toxic when given intraven
ously and could be used with reasonable
safety. Rewbridge reported good results
and even disappearance of cholesterol
stones in the gall bladder following bile
salt therapy. He further states that
cholesterol stone formation is due to
a bile sa~t deficiency resulting from
liver damage.
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The oral use of keto-cholanic aCid,
the oxidation product of the natural
bile acids, has been shown by Brown
and Dalkart to be far superior to other
forms of bile acids. They combine this
medication with hourly feedings of milk
and cream plus a diet of high smooth
bulk in the treatment of chronic gall
bladder disease. The high fat diet
acts as a cholagog, the bile salts as
a choleretic. This was found to be the
most effective type of therapy both
objectively - x-ray and subjectively.

In chronic gall bladder disease the
administration of bile salts appears
to have a rational and thBrapeutic
place.

Duodenal and Gastric Ulcer

Spontaneous duodenal or gastric
ulcer has been found to occur in dogs
with external or internal biliary
fistulas. Berg, Blanck, Ranke,Whipple
and others report this conditior. oc
curring in 40-60% of such animals.
Common duct obstruction with a subse
quent hepatitis may also give rise to
ulcers (Bollmann and Mann, Berg, Hosomi,
Iesu and Ivy). Establishment of an
Eck fistula often predisposes to the
formation of ulcer. Peptic ulcer oc
curs frequently after partial hepatec
tomy or following the administration of
drugs which damage the liver.

Schnitker, in a review of 100 cases
postmortem of peptic ulcer and 100 con
trol Cases, found that there were more
ulcer Cases than control which exhibit
ed evidence of liver damage.

It can be surmised then that al
though obscure there would seem to be
a connection between liver function and
peptic ulcer. Berg in a series of 32
patients ~ith proven peptic ulcer found
that 81.25% were definitely improved
while 18.75% were not improved on ad
ministration of bile salts by mouth.
Generally no other medicinal or dietary
treatment was given. 'The mechanism of
action does not seem to be a lowering
of gastric acidity (Layne). The re
sult~ although not controlle~ are en-
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•couraging and warrant further investiga-
tion.

Bile Salts and Jaundice
in the Treatment of Althritis

Hench (1933) observed a phenomenon
experienced by 12 rheumatic patients who
had become jaundiced. He noted that in
the presence of clinical jaundice there
was a marked remission in arthritic '
symptoms. This observation stimulated
others to further investigate the rela
tion of jaundice to arthritis. Thompson,
Bernard and Wyatt, by using carefully
calculated doses of pure bilirubin, were
able to produce experimentally induced
jaundice or hyperbilirubinemia not only
in the laboratory animal but have applied
the method also to man with safety.

The intravenous administration of
bilirubin alone, even to a fair degree
of jaundice, will not bring about a re
mission. The oral and intravenous ad
ministration of bile salts in large doses
also fails to bring about the desired
effect. However, when bilirubin plus
bile salts (decholin-sodium dehydro
cholate) are given, the bilirubinemia
is slightly greater and definite remis
sion is found to take place. Mild icterus
has no effect. The effect of jaundice
is probably quantitative rather than
qualitative.

This investigation is still in its
infancy and much remains to be learned
concerning this therapeutic method which
at best should be considered a crude
temporary form of treatment. The high
cost of bilirubin prohibits its general
use. Further investigation may reveal
a specific substance probably in the
liver which may account for this action.

Impressions

1. Bile acids are formed and also
destroyed solely by the liver.

2. Bile acids formed by the liver
are excreted in the bile, reabsorbed in
the small intestine and returned to the
liver by way of the portal circulation.
This constitutes the entero-hepatic
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circulation of bile acids. Bile acids
are conjugated by the normal liver.

3. Methods of estimating bile acid
concentration in body fluids are dis
cussed. These methods in general are
laborious and not generally applicable
to clinical practice. The average
concentration of bile acids in normal
blood is about 1.6%.

4. Bile acids appear to have some
effect on glucose metabolism, lowering
the glucose concentration in the blood
and reducing the renal glucose threshold.
Experimental effects on calcium, phos
phates, magnesium and creatinine
metabolism are also discussed.

5. In chronic gall bladder disease
the administration of bile salts has
a rational therapeutic basis.

6. In the treatment of peptic ulcer
bile salt therapy is encouraging but
not conclusive. The relation of liver
disease to peptic ulcer has not been
adequately explained.

7. Further investigation concerning
the effects of jaundice on arthritis
is necessary before the specific sub
stance causing remissions is found.
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