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THE SERUMTRIHYDROXY-DIHYDROXYBILE ACID RATIO IN
LIVER ANDBILIARY TRACTDISEASE'

BY JAMESB. CAREY, JR

(From the Department of Medicine, University of Minnesota Medical School and Hospitals,
Minneapolis, Minn.)

(Submitted for publication April 10, 1958; accepted July 3, 1958)

Measurement of serum bile acid concentrations
has long been expected to provide important in-
formation concerning hepatic and biliary tract
disease because the formation and metabolism of
these compounds is so closely associated with liver
cell function. Contrary to expectations, however,
serum bile acid determinations (chiefly cholic
acid) have been of little value in the study of
hepato-biliary disorders. After a careful study of
serum cholates in liver disease, the conclusions of
Sherlock and Walshe amply confirm this point
(1). General experience, moreover, as listed in
Table I, shows that there has been no uniform
agreement concerning either the quantity or na-
ture of the bile acids alleged to be present in nor-
mal serum. These shortcomings, rather than diffi-
culties in quantitation, probably explain why se-
rum bile acid determinations have not gained wider
acceptance as a laboratory aid in the study of
jaundice and liver disease.

In order to investigate these discrepancies,
studies were done in this laboratory which showed
that bile acids are demonstrable by paper chroma-
tography in most normal human sera and that
these acids are the same as those in bile and occur
in approximately the same relative proportions
(2, 3). A method for the simultaneous quanti-
tation of the two major bile acid types was then
devised and is described in the following sections.
Wefound, as had previous investigators, that the
serum concentrations of either the trihydroxy or
dihydroxy bile acids were commonly elevated in
patients with hepatobiliary disease, and although
this information was not especially helpful, it soon
became apparent that the ratio of the two main bile
acid types often separated the patients into two
groups. Those with predominantly hepatocellular
injury had a trihydroxy-dihydroxy ratio of less
than one, whereas those with obstructive jaundice

1 Supported in part by a grant (A-713) from the United
States Public Health Service.

usually had a ratio of greater than one. The sig-
nificance of this ratio was briefly described in an
earlier communication (4) and has been confirmed
in a recent study by Rudman and Kendall (5).
These investigators separated trihydroxy and di-
hydroxy acids by column chromatography and
found that the dihydroxy acids predominated in
the sera of patients with Laennec's cirrhosis,
whereas patients with obstructive jaundice tended
to have higher concentrations of trihydroxy acids.
Schiff (6) has reported similar results employing
the method described in this paper.

METHODS

Certain features of the serum extractions described by
Josephson (7) and Minibeck (8) were incorporated into a
method employing alkaline hydrolysis. Briefly, this con-
sists of precipitating serum proteins with alcohol and
barium, separation of fats and neutral sterols from bile
acids by partitioning between equal volumes of petroleum
ether, ether, ethanol and water, and alkaline hydrolysis of
the bile acids in the aqueous phase. The quantities of
unconjugated trihydroxy and dihydroxy bile acids thus
obtained were measured by ultraviolet spectrophotometry
using the conditions described by Mosbach, Kalinsky,
Halpern and Kendall (9) which permit a simultaneous
differential analysis of these two bile acid types.

Preparation of reagents. The barium solution was pre-
pared by adding 25 Gm. of anhydrous Ba (OH)2 to 400 ml.
of distilled water. The solution was heated, filtered and
then 4 Gm. of anhydrous barium acetate was added.
After cooling, the saturated solution is stable for months.
The concentration of the sodium hydroxide solution was
8 per cent by weight in water. The 65 per cent sulfuric
acid solution was prepared by combining 169 ml. reagent
grade concentrated sulfuric acid (95 to 98 per cent) with
distilled water in a 250 ml. volumetric flask. The petro-
leum ether used was Skelly Solve B (boiling point 60 to
68). It was found that peroxides greatly distort the bile
acid absorption spectrum and hence it is important that
the ether be peroxide free.

Procedure. One ml. of barium solution was added to
26 ml. of 95 per cent ethanol in a 50 ml. centrifuge tube
marked at 30 ml. (Tube A, Figure 1). To this mixture,
3 ml. of serum was added drop by drop while stirring
vigorously. The mixture was boiled for two minutes and
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TABLE I

Normal serum bile acid concentrations obtained by different methods

Author Date Concentration Bile acids

mg. %
1. Moleschott 1847 + not specified
2. Hoover 1916 + not specified
3. Rosenthal 1926 0 not specified
4. Perlzweig 1926 0 cholic
S. Coquellet 1927 4.28 sodium glycocholate
6. Aldrich 1928 3.2-5.1 glycocholic acid
7. Shattuck 1928 7-12 cholic acid
8. Gregory 1929 0 cholic acid (ox blood)
9. Charlet 1929 3.4-4.5 cholic acid

10. Tashiro 1931 0 cholic
11. Scheinfinkel 1933 0.8 cholic (dog)
12. Kusui 1933 8.8 cholic
13. Lichtman 1934 0.5-4.0 sodium glycocholate
14. Scott 1934 0 cholic
15. Chabrol 1934 0 deoxycholic

0 cholic
16. Josephson 1935 1.6 cholic
17. Abe 1937 0 cholic L

0 deoxycholicJ~o
18. Minibeck 1938 0.25 cholic
19. Douglas-Saureman 1939 0 cholic

0 deoxycholic
20. Jenke 1939 0 cholic
21. Gigon 1940 1 cholic
22. Thannhauser 1941 0.5-1.5 cholic (Jenke's method)
23. Irvin 1944 0.4-0.5 cholic
24. Sherlock 1948 1.5 cholic (Josephson method)
25. Kier 1952 0 cholic

25-52 deoxycholic
26. Friedman 1952 5.3 cholic
27. Sobel 1953 2.1-2.5 cholic
28. Joppich 1953 0 cholic (children)
29. Wysocki 1955 0.86 cholic (Irwin method)

0.35 deoxycholic (Szalkowski)
30. Rudman 1957 0 trihydroxy

0 dihydroxy
31. Metais 1957 4.0 total bile acids

cooled in ice water. After centrifugation for 20 minutes
at 3,000 rpm, the volume was adjusted to 30 ml. with
ethanol and 25 ml. of the clear supernate was removed to
a second tube (Tube B, Figure 1) and evaporated with
reduced pressure in a tube heater. The residue was dis-
solved in 10 ml. of 50 per cent ethanol which had been
previously equilibrated with equal volumes (25 ml.) of
ethyl ether and petroleum ether. The pH was adjusted
to less than 3.5 (Congo red paper) by the addition of about
0.1 ml. concentrated HCI. This solution was then ex-

tracted with the petroleum ether-ethyl ether phase which
had been used for the equilibration. The ether phase was

extracted with fresh, equilibrated 50 per cent ethanol and
the combined aqueous ethanol phases were brought to a

neutral pH with 8 per cent NaOHand then evaporated
with reduced pressure in the tube heater to near dryness.
Care was taken to avoid complete dryness, as baking makes
the residue difficult to dissolve. To the residue from the
aqueous phase, 5 ml. of 8 per cent NaOH was added,
stirred to assure complete solution and placed in a pressure
cooker at 15 pounds pressure for three hours. The re-

sulting hydrolysate was then diluted with 5 ml. of distilled

water, the pH was adjusted with concentrated HCl to less
than 3.5 (Congo red paper) and extracted four times with
20 ml. volumes of ethyl ether. The ether phase was

collected in a clean dry tube (Tube C, Figure 1) and after
washing with water, was evaporated to complete dryness.
To this residue, 5 ml. of 65 per cent sulfuric acid was added
and the tube was immediately heated at 60° for exactly
15 minutes. After 10 minutes of cooling in ice water, the
acid solution was filtered through a 2 cm. medium sintered
glass funnel. The filtrate was poured into a quartz cuvette
and the absorption spectrum determined at 10 m;& inter-
vals from 220 to 410 m;& against 65 per cent sulfuric acid
which was also heated at 60 degrees for 15 minutes. A
Beckman DUspectrophotometer with hydrogen lamp and
blue phototube was used.

Calculations. The observed optical densities were cor-

rected for background absorption to obtain the true optical
density using calculations similar to those described by
Brice and Swain (10). To make the correction a constant
was calculated from pure bile acid solutions which is inde-
pendent of concentration and hence can be used to deter-
mine true optical density when the background absorption
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5Oml. Centnfuge
Tube Calibrated
At 30 mi.

TUBE A TUBEB TUBEC TUBED

FIG. 1. GLASSWAREUSED FOR SERUMBan AcID
DETERMINATIONS

of the solution and the concentration of the bile acids is
unknown. Such a constant relates the optical density at
maximum absorption to the average of two equidistant
optical densities. Thus from the absorption spectra of
175,ug. samples of pure cholic and chenodeoxycholic acids
dissolved in 65 per cent H2SO4and heated for 15 minutes
at 600 (Figure 2) the optical density at the wave length of
maximum absorption for cholic acid was E°320 = 1.24 and
the values 20 mMu on either side of the maximum were

E°oo = 0.775 and E0340 = 0.215. For chenodeoxycholic
acid the values were EOm= 1.78, Es6o = 1.20 and E0oo =

0.185. The constant for cholic acid which relates the
maximum optical density at 320 m1u to the average of two
equidistant optical densities was obtained from the ex-

pression
E0320

E320- 1/2(EO300 + E0340)
1.24

1.24 - 1/2(0.775 + 0.215) 1.67;

the constant for chenodeoxycholic acid was similarly com-

puted,
EOM

EOao- 1/2 (E03o + Eoo)
1.78 =163

1.78 - 1/2(1.20 + 0.185)

With the constants established, the true optical density
of cholic or chenodeoxycholic acid in an unknown can be
calculated by obtaining the difference between the optical
density at their absorption maxima and the average of the
adjacent optical densities, and multiplying by the con-

stant. For cholic acid the equation is

E320 = 1.67[E320 - 1/2(E°Om + E34o0)3
and for chenodeoxycholic acid the equation is

E380 = 1.63[E°so = 1/2(E%3. + EOw)J.
Having thus corrected the observed optical densities for
background absorption, the true optical densities were

used for calculating the bile acid concentrations according

to the following equations:
E320 KD0- Em,8 KD320 _ Concentration of tri-

KD3so- KT320- KT38o KD320 hydroxy acids
and

E380, KT320- E320 KT380 Concentration of di-
KDoso KT320- KTao. KD320 hydroxy acids.

The values for K were obtained by plotting known
concentrations of pure bile acids against the optical density
at 320 and 380 mMA (Figure 3), and are as follows:
KT320 = optical density at 320 mAper mg. cholic acid = 37.4
KD320 = optical density at 320 muper mg. chenodeoxycholic

acid = 8.06

KT,80 = optical density at 380 mjA per mg. cholic acid = 4.54
KDmo= optical density at 380 mpu per mg. chenodeoxycholic

acid = 51.3

Using these values in the preceding equations, the for-
mulas for calculating the serum bile acid concentrations
in ,tg. per ml. are obtained.

(EJ2 X 51.3 - Em X 8.06) X 1.06 = .g. of trihydroxy bile

acid per ml. of serum

(Eno X 37.4 - E32 X 4.54) X 1.06 = jg. of dihydroxy bile
acid per ml. of serum

The factor, 1.06, is the quotient of 1,000 X 5 X 30/25 X 113

in which the numerator contains dilution constants and
conversion factors which are apparent when the method is

Absorption Spectra 65% H2S04
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examined and the denominator is the numerical value of
KDano KT320 - KT. KDa20.

In correcting for background absorption, it was neces-

sary to assume that this absorption changes linearly
between the wave lengths used. This assumption is prob-
ably not strictly correct but approximates the facts closely
enough to provide a more accurate answer than would
result if this correction were not made. The amount of
deoxycholic acid in normal human serum is quite small,
when compared with chenodeoxycholic acid, as judged
from paper chromatograms, and for this reason the ab-
sorption maximum for chenodeoxycholic acid (380 mpA) was

used for the calculations. The absorption maximum for
deoxycholic acid is at 385 mg. The optical density at this
wave length, however, is only slightly greater than at
380 mu; consequently the error involved is slight and does
not contribute significantly to the total error of the method.
Plotting the spectrum aids in detecting any erroneous

optical density values caused by a disproportionately high
background or inexplicable absorption peaks.

Standard glassware is used except that two of the four
tubes (Tubes B and C, Figure 1) have ground glass tops
which fit the separatory funnel. This simple modification
reduces the amount of glassware needed for the procedure
and greatly improves recoveries. It also permits the use

of a convenient evaporating head consisting of an arm for
attaching a suction line and a capillary tube (Figure 1).

ci
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FIG. 4. ADDITION OF GLYCOCHOLIcAcm TO NORMAL
SERUM

Amounts added per ml. of serum: a) none, b) 0.015
mg., c) 0.040 mg., d) 0.080 mg.

Experimental
The addition of dihydroxy or trihydroxy bile acids to

serum is paralleled by an increase in the appropriate optical
density value as shown in Figures 4 and 5. In these re-

covery experiments 15 to 100 ,g. samples were used.
Sodium glycocholate in water was added to the serum

and chenodeoxycholic acid added to the alcoholic extract
after partitioning with ether-petroleum ether. Results
ranged from 74 to 91 per cent, mean 80 per cent. When
solutions of pure bile acids were used in place of serum,
recoveries were uniformly 100 plus or minus 5 per cent.
Obviously there are a number of factors in serum which
interfere with complete recoveries, and this limitation
should be recognized when results are being compared and
interpreted.

Duplicate determinations and normal values. In order to
calculate the error of the method and the range of values
to be expected in healthy subjects, duplicate determina-
tions were done on single serum samples from 30 healthy
persons ranging in age from 22 to 76 years, half of whom
were women.

The average trihydroxy cholanic acid value was 1.4 Ag.
per ml. with an estimated standard deviation of 0.8 Mg. per
ml. and an estimated error of 0.8 pag. per ml. The average
dihydroxy cholanic acid value was 0.76 jig. per ml. with an

estimated standard deviation of 1.4 pg. per ml. and an

estimated error of 0.36.ug. per ml. The normal values

cholic acid at 30np
/ cheniodeoxycholic acid

at 380 my
*- cholic acid at 380 mp

r chenodeoxycholic acid

I ____ at 320m
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c
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FIG. 5. ADDITION OF CHENODEOXYCHOLICAcID To
NORMALSERUM

Amounts added per ml. of serum: a) none, b) 0.015 mg.,
c) 0.040 mg., d) 0.080 mg.

ranged from 0 to 3.4 Mg. per ml. for trihydroxy acids and
0 to 1.9 Mug. per ml. for dihydroxy acids. These values are

lower than those previously reported with this method
(4, 6) because correction for background absorption has
been made as described in the section on calculation. The
validity of the occasional zero value is supported by the
observation that occasionally extracts of as much as 50 ml.
of serum from a healthy subject fail to contain any bile
acids when analyzed by paper chromatographic techniques
capable of detecting as little as 2 to 4 Mg. of bile acid.

The serum bile acid concentrations in these healthy
subjects did not vary significantly with age or sex and
serial determinations showed no trends which could be
correlated with eating or diurnal changes.

The trihydroxy-dihydroxy concentration ratio, to be
discussed later, is significant only when the concentration
of at least one bile acid type is elevated above the normal
range. The average ratio for the 30 healthy subjects was

1.9 but the range extended from 0 to 6. This is because
the error of the method and the standard deviations are

of the same order of magnitude as the normal values, and
consequently a wide range of ratios may occur in a healthy
person by chance alone. The ratio becomes important,
however, when the concentrations are elevated, as will be
demonstrated in the following sections.

Patient material. In the two year period from July,
1955, through July, 1957, bile acid determinations were

made on sera of 41 patients in whom the diagnosis of
biliary obstruction or parenchymal liver disease was con-

firmed by laparotomy, biopsy, peritoneoscopy or autopsy
and all of these are included in this report.

RESULTS

Biliary obstruction

There were 12 patients who had carcinoma or

stone obstructing the bile ducts (Cases 1 to 12,
Table II). All had elevated serum bile acid con-

centrations with a relatively greater increase in
the trihydroxy acids resulting in a trihydroxy-
dihydroxy ratio which was greater than 1 in all
cases. An example of the ultraviolet absorption
spectrum of the bile acids in the serum of a pa-

tient with biliary obstruction, Case 1, is shown in
the center panel of Figure 6. For comparison, the
spectrum of normal serum is shown in the panel
at the left. It can be seen that the absorption
maxima of trihydroxy acids (320 mJL) and di-
hydroxy acids (380 mu) are increased above
normal and that a greater rise has occurred in the
trihydroxy fraction. The trihydroxy ratio in this
patient was 7.8.

A similar pattern was also noted in sera of
jaundiced patients with obstruction or damage to
the smaller biliary radicals within the liver such
as that which is sometimes produced by chlor-
promazine (Case 13) or carbarsone (Case 14).
During the obstructive phase of viral hepatitis
(Cases 15 and 16), and especially in the "chol-
angiolitic" type of viral hepatitis (Case 17) as de-
scribed by Watson and Hoffbauer (11), the se-

rum bile acid pattern is the same as that of ordi-
nary biliary obstruction.

Liver injury

Patients with severe liver cell injury, in con-

trast to those with biliary obstruction, had a strik-
ing and disproportionate increase in the concen-

tration of dihydroxy bile acids, completely re-

versing the trihydroxy-dihydroxy ratio to less than
one. An example of this is shown in the third
panel of Figure 6. This patient (Case 18) had
advanced alcoholic cirrhosis and lapsed into he-
patic coma several weeks after her blood was

drawn for the serum bile acid determinations. It
should be noted that the total serum bilirubin con-

=i

.8

6

d I
68 -c

.2
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TABLE II

Serum bile acid concentrations and other laboratory studies in patients with hepato-biliary disorders

Serum bile acids Alk.
Serum Serum p'tase Serum

Case Trihy- Dihy- bili. Thymol Ceph. choles- KA protein
no. Diagnosis droxy droxy Ratio Date 1'/T* turb. floc. terol unitst alb./glob. Comments

1. Carcinoma pancreas
2. Carcinoma pancreas
3. Carcinoma pancreas
4. Carcinoma pancreas
5. Stone, C.B.D.
6. Stone, C.B.D.
7. Stone, C.B.D.
8. Stone, C.B.D.
9. Stone, C.B.D.

10. Carcinoma meta-
static, liver

11. Carcinoma meta-
static, liver

12. Carcinoma C.B.D.
13. Cholangiolitis,

chlorpromazine
14. Cholangiolitis,

carbarsone

15. Hepatitis, viral

16. Hepatitis, viral
17. Hepatitis, viral
18. Cirrhosis, portal
19. Cirrhosis, portal
20. Cirrhosis, portal
21. Cirrhosis, portal

22. Cirrhosis, portal

23. Cirrhosis, portal
24. Cirrhosis, portal
25. Cirrhosis, portal

26. Cirrhosis, portal
27. Cirrhosis, portal

28. Cirrhosis, portal
29. Cirrhosis, portal
30. Cirrhosis, post necrotic
31. Cirrhosis, post necrotic
32. Cirrhosis, post necrotic

33. Cirrhosis, post necrotic
34. Cirrhosis, post necrotic
35. Cirrhosis, biliary

36. Cirrhosis, biliary
37. Cirrhosis, biliary
38. Hepatitis, viral

39. Hepatitis, viral

40. Cirrhosis, portal

41. Cirrhosis, portal

'Ag.1ml.
82.0 10.5
74.4 6.7
24.9 6.0
24.9 2.1

4.5 2.6
20.1 5.4
80.0 19.5

3.5 1.0
36.6 16.4

45.0 9.1

18.4 6.0
23.7 6.2

33.6 12.6

76.1 31.5
5.0 3.0

90.4 3.2
7.0 0.9

22.1 11.3
23.7 7.2
10.8 24.2

6.3 17.2
0 18.8
0 0.8
0 10.5

17.1 27.3
7.1 9.8
0 21.9
3.1 5.2
0.7 4.9
8.4 22.6
2.2 11.3
0.1 1.0
2.5 4.3
8.6 30.1
5.9 22.0
0 24.4
0 2.4

18.2 45.5
6.8 9.1
0 55.0
0 45.4
5.5 43.5
0 13.1

29.8 4.6
0 2.5
0.2 0.5
2.8 3.2

25.8 30.4
0 11.0

23.9 31.7
5.9 14.4
3.1 2.0
4.7 18.6
4.4 2.0
1.4 3.9

73.3 14.7

mg. %
7.8 9-22-55 19.8/31.9

11.1 12-14-55 5.0/8.5
4.2 2- 8-57 11.6/24.0

12.0 4-30-56 2.5/6.3
1.7 11- 7-55 0.5/1.1
3.7 1-10-56 9.0/16.3
4.1 3-26-56 3.4/5.2
3.5 2-23-56 0.3/0.6
2.2 7-16-56 11.2/21.6

4.9

3.1
3.8

2.7

12- 9-55 15.9/28.4

2- 8-56 4.3/7.0
12-29-55 13.0/20.9

8- 2-55 5.1/10.5

2.4 12- 8-55 4.8/7.9
1.7 1- 6-56 1.3/2.5

29.4 2-15-56 5.1/8.9
7.8 2-23-56 1.2/1.3
2.0 2- 9-57 0.8/1.5
3.3 12-26-56 3.7/7.0
0.5 11-30-55 16.4/28.9
0.4 9-26-55 1.0/2.3
0 9-13-55 3.1/11.5
0 11-22-55 1.2/3.4
0 11-30-55
0.6 12- 2-55 18.6/32.8
0.7 1-16-56 1.9/4.1
0 12- 7-56 1.7/3.1
0.6 4-26-56 0.7/1.9
0.1 8-28-56 9.0/15.5
0.4 6-21-56 2.8/10.2
0.2 1-19-57 0.7/1.7
0.1 7- 9-57 1.0/3.1
0.6 8-23-56 0.9/2.1
0.3 9-22-56 11.8/26.3
0.3 9-25-56
0 1-25-57 3.6/8.9
0 11-27-56 0.3/1.0
0.4 8- 2-56 9.1/20.0
0.8 5- 1-56 0.5/1.7
0 8-16-56 9.4/13.8
0 8-28-56 16.3/28.8
0.1 9-25-56 7.7/14.7
0 12-20-56 1.5/3.5
6.5 11-22-55 8.7/14.8
0 12-27-56 9.2/19.1
0.4 1- 2-57 1.9/4.7
0.9 4-30-56 9.3/18.0
0.8 4-27-56 8.8/16.5
0 5- 6-56 15.9/28.4
0.8 7-18-56 3.5/5.1
0.4 7-23-56 5.6/10.1
1.6 11-22-55 0.8/2.5
0.3 1-15-56 0.8/2.2
2.2 1-25-56 0.4/0.5
0.4 6-21-57 2.8/4.5
5.0 6-27-57 2.0/3.4

mg. %
0 392

2 0 155
2 tr

11 0 176
3 0
3
3 tr
3 1+
2 0

3 3+

4 0 167
4 tr

3 tr

9 4+ 276
8 2 + 402

14 4+
26 4+ 288
16 3 + 153
3 0
3 3+
9 4+

3+ 106
4 4+

4 tr 142
5 2 + 191
3 3+
6 4+
9 1+ 93

3+
8 4+

148
3 2+ 99
5 4+ 44

5 4+ 117
5 3+
6 3+ 115

17 4+ 182
3 2+ 39
3 3+

19 4+ 114
7 4+ 85

12 4+
9 3+
4 3+
2 2+

12 4+ 116
9 4+

10 4+
78

1+
4 4+
3 0
5 3+
5 3+

67.5
57.4
52.6
62.6
50.4

37.0
50.2

Gm. %
2.6/5.2

2.8/3.6

2.5/3.5

86.3 2.7/3.3

67.5 2.9/3.6

54.4

55.6 3.0/3.8
61.5 3.4/4.6

28.8
23.4
24.0 2.9/3.8
19.4 2.6/4.1
15.8 1.4/4.6

1.6/5.3

36.5 2.2/4.2

27.8
12.7 1.8/5.2
30.0 1.9/3.8

15.4 1.8/4.9
6.5 2.0/4.0

10.8 1.8/3.0
29.3

Jaundice 6 wks.
Jaundice 3 days
Jaundice 7 wks.
Jaundice 22 wks.
Jaundice 1 wk.
Jaundice 2 wks.
Jaundice 1 wk.
Jaundice 9 mo.
Jaundice 4 wks.

Jaundice 3 wks.

Died 2-24-56
Jaundice 3 wks.

Jaundice 1 wk.

Jaundice 4 days

Jaundice 1 wk.

Jaundice 2 days
Jaundice 6 wks.

Died 10-1-55
Died 10-55
Died 11-30-55

Died 12-7-56
Died 5-2-56
Died 8-30-56

Died 8-25-57
Died 8-31-56

Died 9-27-56
11.5 1.7/5.1 Died 1-27-57

2.6/4.0 Died 4-17-57
Died 1-57

14.8 2.6/4.5 Died 10-24-57
23.6 3.2/2.5
23.3 Died 9-10-56
18.4 1.8/5.4 Died 10-2-56

2.2/3.4 Died 2-12-57
82.8

2.0/3.0 Died 12-31-56
35.8 3.4/3.1 Died 3-30-57
40.5 2.4/3.2 Died 4-28-56
32.3 2.7/3.3 Died 5-16-56

2.1/3.3
24.8 2.1/3.3

Died 8-10-56

2.3/4.8

40.5

* One minute/total.
t Alkaline phosphatase, King-Armstrong units.
t Commonbile duct.
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CASE I. BILIARY OBSTRUCTION CASE 18. CIRRHOSIS- SEVERE LIVER DAMAGE
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FIG. 6. ULTRAVIOLET ABSORPTIONSPECTRAOF BILE ACIDS IN SERA OF PATIENTS WITH (LEFT) NORMALSERUM,
(CENTER) BILIARY OBSTRUCTIONAND (RIGHT) LIVER DAMAGE

centrations of the two patients shown in Figure 6
are of the same order of magnitude.

The severity of the liver damage associated with
this reversed bile acid ratio has been clearly dem-
onstrated to us by the fact that slightly less than
one-half the patients died within a few weeks or

months following this reversal (Cases 19 to 39).
An additional one-fourth are in the terminal stages
of their illness.

The reversed ratio also occurs during acute
liver injury and will return to one or greater than
one as the patient recovers. An example of this
is Case 40. This man had cirrhosis associated
with chronic alcoholism. He was admitted to the
hospital in November, 1955, because of a peptic
ulcer. The bile acids were very slightly elevated,
but the ratio was 1.6. He returned the following
January after a drinking bout, in a state of acute
alcoholism and impending delirium tremens. The
injury to his liver was reflected by a rise in the
dihydroxy bile acids causing a reversal of the tri-
hydroxy-dihydroxy ratio to 0.3. The Hanger
test became 4 + but the serum bilirubin changed
very little. With medical care and gradual re-

covery, the ratio returned to a value of 1.1 10
days later, and the Hanger test became negative.
It should be emphasized here that if only cholic
acid had been measured, relatively little change
would have been noted.

The prognostic value of the trihydroxy-dihy-
droxy bile acid ratio is illustrated quite well by
Cases 25 and 33. Case 25 was a man with cir-
rhosis associated with alcoholism, who had ascites
and was facing hepatic coma upon his admission
in December, 1955. Following a period of hos-
pital care, salt restriction, diuresis, bed rest, a good
diet and abstinence from alcohol, the patient be-
came more alert and the ascites disappeared.
This improvement was reflected by a fall in the
serum bilirubin and bile acid concentrations. The
ratio, however, remained reversed (0.7) and the
Hanger test changed from trace to 2 +. The pa-

tient returned one year later in deep coma and
died a few hours after admission; at this time, the
trihydroxy-dihydroxy ratio was zero because of
the complete absence of cholic acid.

The second example, Case 33, was a 44 year old
woman admitted in late September, 1956, having

NORMAL
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had jaundice for two months. No stigmata of
chronic liver disease were present and there was
no ascites. The patient became confused on the
fourth hospital day and died in coma on the eighth
hospital day. The serum bile acids were deter-
mined two days after admission while the patient
was alert, active and had no signs to suggest that
she would die in a few days. The approximately
50-fold increase of dihydroxy acids above normal,
however, with a comparatively minor rise of tri-
hydroxy acids, strongly suggested the extensive
liver damage which was subsequently found at
autopsy as shown by the photomicrograph in
Figure 7. A similar disproportionate rise in the
serum dihydroxy acids was noted in Case 32, a 19
year old girl. In this instance, the ultraviolet ab-
sorption spectrum of the serum resembled very
closely that of pure chenodeoxycholic acid, which
was easily separated from her serum by means
of paper chromatography. This girl died in he-
patic coma four weeks later.

DISCUSSION

From the material presented, there are several
observations which deserve emphasis. The first
of these is that the differential analysis of the two
bile acid types provides more valuable information
than the measurement of only a single bile acid.
This is so because the ratio of the concentration
of the two major types of bile acids is of greater
importance than their individual concentrations.
If only the trihydroxy bile acid concentration
(mostly cholic acid) is compared with the other
liver function studies shown in Table II, it is
clear that relatively little helpful information is
obtained concerning either the liver's condition or
the cause of the jaundice. This was also the con-
clusion Sherlock and Walshe made from their
careful study of serum cholates in liver disease
(1). Whenboth types of bile acids are measured,
however, differences in the quantitative relation-
ships between the two types, simply expressed as
the trihydroxy-dihydroxy ratio, immediately be-
come of some importance, especially as a measure
of the extent of liver injury. When liver damage
is extensive, the ratio ranges from less than 1 to 0.
With biliary obstruction, on the other hand, se-
rum bile acid concentrations increase, but the ratio
will be greater than one, sometimes reaching a

-~ T-3g;T-IA., $Hd*,.z* iibwi~ An go, a ; ll'

FIG. 7. PHOTOMICROGRAPHOF LIVER FROM CASE 33
SHOWINGEXTENSIVE LIVER DAMAGE

value of 20 to 30 or more. When the obstruction
is prolonged to the point of extensive liver dam-
age, however, as it was in Case 35, serum bile
acid concentrations fall, and the ratio is lowered.

It should be stressed at this point that serum
bile acid determinations as described in this pa-
per will not disclose the location of the biliary ob-
struction and thus will not provide an answer to
the often difficult question of whether the jaundice
must be dealt with surgically or treated medically;
in other words, whether the disease involves the
smaller biliary radicals within the liver, or the
extrahepatic bile ducts.

Pruritis

The relationship of bile acids to the pruritis of
jaundice is by no means clarified by this study.
Bile acid concentrations were found to be elevated
in the sera of all jaundiced patients who had pru-
ritis, but no pruritis occurred at any time in sev-
eral patients who had very high serum bile acid
concentrations (Cases 2, 33).

In order to study this point more fully, a pa-
tient with alcoholic cirrhosis (Case 41) was fed
one Gm. of pure cholic acid in a gelatin capsule
daily for seven days, at which time the serum tri-
hydroxy acid reached a concentration of 73.3 pg.
per ml., a value exceeding that which accompanied
itching in other individuals, but no pruritis oc-
curred in this patient. It is well known, of course,
that the administration of commercial bile salt
preparations to some jaundiced subjects will pro-
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duce pruritis (12), but practically all such prepa-
rations, except those composed of dehydrocholic
acid only, contain other constituents of the bile
besides bile acids. Obviously the question of
whether elevated serum bile acid concentrations
are only associated with pruritis or actually cause
it will require additional information before a defi-
nite answer can be provided.

The bile acid ratio
Mechanisms responsible for the reversed bile

acid ratio in severe liver injury have not been
elucidated. From the information at hand it is not
unreasonable to suspect that the activity of a 12
a-hydroxylating enzyme is deficient. Bergstrom
and Sjovall (13) and Mahowald and associates
(14) have shown in rats that chenodeoxycholic
acid is not an intermediate in the formation of
cholic acid. Bergstrom (15) has also demon-
strated that 3a, 7a-dihydroxycoprostane is readily
converted to cholic acid as well as chenodeoxy-
cholic acid in rats. If these pathways of bile acid
synthesis in the rat are also important routes in
the human liver then the increased serum concen-
tration of chenodeoxycholic with liver injury may
result from degradation of the side chain of the
molecule to a 24 carboxy acid before hydroxyla-
tion at the 12 a position can occur. Evidence to
support such speculation is provided by the ob-
servation (16) that the 12 position is less vulner-
able to oxidation than the 7 position, partly be-
cause of hindrance by the angular methyl group
at Carbon 13 (17). The enterohepatic return of
predominantly dihydroxy bile acids to the dam-
aged liver, which cannot re-excrete them normally,
would also contribute to the quantity of dihydroxy
acid in the serum. A more prolonged exposure of
bile acids to these hydroxylating enzymes has been
suggested by Rudman and Kendall (5) to explain
the increased proportion of trihydroxy acids in
serum with biliary obstruction.

SUMMARYANDCONCLUSIONS

1. A quantitative method for the simultaneous
differential determination of serum trihydroxy
and dihydroxy bile acids is described. Normal
values have been established for a group of healthy
subjects and variations from the normal have

been studied in 41 patients with various hepato-
biliary disorders.

2. With severe liver injury a disproportionate
increase in the dihydroxy bile acid concentration
reduced the trihydroxy-dihydroxy ratio to less
than 1.0.

3. Persistence of this reversed ratio is fre-
quently followed by coma, death or both. When
the ratio is only temporarily reversed, as with
acute or transient liver injury, improvement or re-
covery of the patient is paralleled by a rise in the
ratio towards a value of 1.0 or more. This is help-
ful in estimating the extent of liver injury and
monitoring its course.

4. With biliary obstruction, whether intra- or
extrahepatic, the serum bile acid concentrations
are increased but the ratio remains greater than
1.0.
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