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The recent reports of Watson and Ducci (1, 2)
have revived interest in the van den Bergh reac-
tion (3), and in the physiological and chemical na-
ture of serum bilirubin. These investigators have
presented evidence to show that there are two
types of bilirubin in serum, each having a distinc-
tive chemical structure and physiological signifi-
cance. Their work is based on the premise that
the two types can be distinguished by their re-
spective rates of diazotization in the direct van
den Bergh reaction, and their observations have
led to the conclusion that the prompt direct, or one-
minute fraction, represents bilirubin which has
been regurgitated from the biliary tree, and that
the indirect fraction represents retained bilirubin.
The difference in their behavior toward the diazo
reagent is ascribed to the nature of their linkage
with protein, the prompt direct fraction being a
sodium salt loosely bound by adsorption, the in-
direct being firmly attached by a valence-bond.
Another important physiological difference be-
tween the two fractions, according to Watson, is
evident in their behavior in the kidney, direct
bilirubin being excreted, indirect being retained.

These conclusions reaffirm the views of many
early workers (4-8), but are not in accord with
more recent opinion that there is only one type
of bilirubin in serum (9-11), that there is no
direct relationship between the renal excretion
of bilirubin and the direct van den Bergh reac-
tion (12), and that the van den Bergh reaction is
of limited diagnostic significance (13). Watson
(1) has emphasized two points which he believes
may account for this divergence of opinion. First,
almost all regurgitated bilirubin diazotizes within
one minute in the direct reaction, and the in-
crease in color observed beyond this point is due
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to diazotization of indirect bilirubin which reacts
slowly in the absence of alcohol. In the past, di-
rect bilirubin has been measured five to 30 min-
utes after the addition of diazo reagent, so that
the results have been modified by the presence of
indeterminate amounts of indirect bilirubin. Sec-
ondly, most of the experiments cited as proof of
the non-existence of two forms of bilirubin sim-
ply demonstrate that all the serum bilirubin is
bound to protein, but do not exclude the possibility
that there are two types of protein-linkage, a sug-
gestion first made by Coolidge (14).

In Ehrlich's original experiments on the diazo
reaction in chloroform solutions of bilirubin, al-
cohol was found to be essential as a mutual solvent
for the otherwise immiscible chloroform solution
and aqueous reagent (15). Some years later van
den Bergh and Miller (3a) discovered, quite by
accident, that alcohol could be omitted in carrying
out the reaction in bile, but not in aqueous solu-
tions of sodium bilirubin. When they examined
blood they found a similar difference in the beha-
vior of the reaction in obstructive and hemolytic
jaundice and applied the terms "direct" and "in-
direct" reaction respectively. The reaction ap-
peared to be of value in differentiating hemolytic
from other types of jaundice, but not in distin-
guishing extrahepatic biliary obstruction from
hepatocellular damage, both of which were re-
garded as examples of obstructive jaundice in ac-
cord with the views of Eppinger (16). Later ex-
perience proved van den Bergh's observations to
be sound, but because of its limitations the reac-
tion was abandoned as a diagnostic test until it
was revived by Watson (1). Since then his mod-
ification of the reaction has gained wide accept-
ance as a clinical laboratory test. While no claim
has been made that it will differentiate extra-

hepatic biliary obstruction from hepatocellular
jaundice, it is thought to be of value in estimating
the degree of bile regurgitation in these two con-
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ditions. The evidence presented to prove that
the one-minute fraction represents regurgitated
bilirubin (17), and that its quantitation has greater
diagnostic significance than the original qualitative
van den Bergh reaction (1) is by no means con-
clusive.

The chemical basis for the two types of van den
Bergh reaction remains obscure. Attempts to
demonstrate two chemically distinct forms of bili-
rubin (18-20) have failed (6, 21, 22), but the
original theory that the variable behavior of bili-
rubin depends on its linkage with protein survives,
despite convincing evidence to the contrary. Van
den Bergh and Miller (3a) considered the pos-
sibility that bilirubin gave an indirect reaction
when combined with protein or lipid, but could
not confirm this experimentally. They expressed
the opinion that it was more likely that the be-
havior of serum bilirubin in the van den Bergh
reaction was related to the presence or absence in
serum of some normal constituent of bile. Later,
van den Bergh revised this opinion and stated that
the two types of diazo reaction were due either
to minor chemical differences between direct and
indirect bilirubin, or more probably to the linkage
of indirect bilirubin to protein (3b). In 1923
Levi-Crailsheim (23) further elaborated this
theory, and suggested that the bilirubin-protein
complex was split in the liver cell before 1ilirubin
was excreted into the biliary tree. This hypothesis
has gained wide acceptance and has had a pro-
found influence on the formulation of the modern
concept of regurgitation and retention jaundice
(1, 8, 24).

The failure to demonstrate unbound bilirubin
in serum by dialysis (25), cataphoresis (14, 26-
28) or ultrafiltration (10, 11, 14) casts doubt on
the theory that the type of van den Bergh reac-
tion is related to protein-linkage. Recent studies
(9, 10), on the other hand, indicate that the type of
diazo reaction may depend on the physico-chemical
properties of serum rather than on the structure
of bilirubin, a possibility first proposed by Adler
and Strauss (29). Gray and Whidborne (9)
suggest that the direct reaction may be due to the
presence of a catalyst in serum specifically elabo-
rated in regurgitation jaundice. Attempts to
identify this catalyst with bile salts (14, 29, 30)
and cholesterol (29, 30, 31) have generally failed.

The specificity of the diazo reaction is generally

taken for granted, but Kerppola (32) has shown
that the direct reaction may be due, in part at
least, to the presence of non-bilirubin derivatives
from bile. How important this factor may be
is not known, as Kerppola's observations have not
as yet been confirmed.

The factors governing the renal excretion of
bilirubin are still poorly understood. There have
been many attempts to explain the absence of
bilirubinuria in some types of jaundice on the basis
of differences in the physical or chemical properties
of serum bilirubin. Thus, Hoover and Blanken-
horn (33) tried to correlate the renal excretion
of bilirubin with its filtrability through collodion;
later, when appropriate collodion membranes were
employed, it was shown that all serum bilirubin
is protein-bound and non-filtrable (11). The ad-
vent of the van den Bergh reaction gave rise to a
commonly held view that there is a renal threshold
for direct bilirubin, but that the kidney is im-
permeable to the indirect type (1, 4, 8, 24). There
is contradictory evidence, however, indicating that
there is no causal relationship between biliuria
and the type of van den Bergh reaction ( 12).
Moreover, there is evidence to suggest that renal
factors may be important in the excretion of bili-
rubin (34, 35).

It is evident from the foregoing that the con-
clusions regarding the chemical nature and physio-
logical significance of the one-minute serum bili-
rubin fraction (1) are not in accord with other
recent opinions. Since these conclusions have such
an important bearing on both clinical and experi-
mental studies of jaundice, there appeared to be
a need for further study of this problem. The
following investigation was undertaken to de-
termine: (1) whether the reaction curves of
azobilirubin development in serum warrant the
conclusion that there are two types of bilirubin,
(2) whether there is any relationship between the
one-minute serum bilirubin level and the renal
excretion of bilirubin, and (3) whether the one-
minute serum bilirubin has diagnostic significance.

METHODSAND MATERIAL

The rate of diazotization of serum bilirubin was de-
termined in 90 freshly collected blood specimens drawn
from patients suffering from a variety of diseases. An
attempt was made to obtain sera with total bilirubin val-
ues of as wide a range and representing as many types
of jaundice as possible.
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TIME IN MINUTES

FIG. 1. RATE OF AZOBILIRUBIN DEVELOPMENTIN THE
DIRECT AND INDIRECT REACTIONS OF SERUMAND IN THE
DIExcTr REACTION OF ALCOHOL-CHLOROFORMSOLUTIONS
OF PURE BILIRUBIN MEASUREDFOR 15 MINUTES

A modification of the Malloy and Evelyn method (36)
was employed in studying the first group of 40 sera, the
direct reaction being carried out on a mixture of 4 ml. of
a 1: 10 dilution of serum and 1 ml. of freshly prepared
diazo reagent. The rate of diazotization was observed
at frequent intervals for a period of 120 minutes in a
Klett-Summerson photoelectric colorimeter with a num-
ber 54 filter. At the end of this period 5 ml. of absolute
methyl alcohol were added to the mixture and the in-
direct reaction observed at intervals for 30 minutes.
Galvanometer readings were converted to concentrations
of bilirubin by means of a factor determined from the
calibration curve obtained with serial ethyl alcohol dilu-
tions of a chloroform solution of pure bilirubin (East-
man-Kodak).

The technique employed in Watson's laboratory (37)
is essentially as outlined above with the following dif-
ferences: (a) serum dilutions are varied from 0.1: 10 to
0.5: 10 depending on the concentration of bilirubin pres-
ent, (b) the direct reaction is carried out on a mixture
of 5 ml. of diluted serum and 1 ml. of diazo reagent, and
the rate of diazotization observed for 15 minutes, (c)
total bilirubin is determined 15 minutes after the addi-
tion of 6 ml. of absolute methyl alcohol to the reaction
mixture, and (d) an Evelyn colorimeter is employed.

Because the azobilirubin development curves obtained
on the first 40 sera studied were somewhat irregular,
and since they differed so markedly from those obtained
by Watson (1), a second group of 50 sera were studied
in a similar manner, but with the following modifications
in technique: (a) A Coleman Junior, model 6A, spectro-
photometer with 19 mm. cuvettes and a wavelength set-
ting of 540 mjt was employed instead of the Klett-
Summerson colorimeter; the former is a single-cell in-
strument similar to the Evelyn colorimeter employed by
Watson (37), and has proved to be a reliable and ac-
curate instrument in this laboratory. (b) The calibra-
tion curve for azobilirubin was obtained with serial
methyl alcohol dilutions of a chloroform solution of pure

bilirubin (Hoffmann-LaRoche). (c) All volumetric
pipettes and flasks employed were recalibrated to a tol-
erance of + 0.1 per cent. (d) One ml. of serum was di-
luted sufficiently to keep all galvanometer readings dur-
ing diazotization within the middle two-thirds of the
scale; any diazotization curve with a transmittance value
above 90 per cent or below 10 per cent in it was dis-
carded. It was not possible, therefore, to include sera
with normal bilirubin values, as had been done in the
initial experiments. (e) Five ml. of diluted sera were
transferred to each of two cuvettes; to one was added
1.0 ml. of freshly prepared diazo reagent, to the other
1.0 ml. of diazo blank. The rate of diazotization was then
observed for a period of 120 minutes in the first tube,
the second tube serving as a blank. Following this 6.0 ml.
of absolute methyl alcohol were added to each tube and
the period of observation continued for 30 minutes. This
is essentially the procedure employed by Watson (37),
except that the periods of observation in both the direct
and indirect reaction were prolonged. For purposes of
comparison with Watson's published curves (1), all the
data have been presented for both the 15-minute and the
longer observation periods employed in this experiment.
Moreover, the concentrations of azobilirubin developed
during the course of diazotization have been expressed
as per cent of the 15-minute and 120-minute values in the
direct reaction, and as per cent of the 15-minute and 30-
minute values in the indirect reaction, to facilitate com-
parisons of diazotization rates in sera of different bili-
rubin concentrations.

The curves obtained in the second set of experiments
were very much smoother than those obtained in the first,
but some irregularity was still evident. On inspecting the
data it was found that these irregularities were usually
due to changes in the galvanometer reading representing
transmittance values of less than 0.5 per cent.

The diazotization curves in both sets of experiments
were similar, especially when the very irregular curves
obtained with sera of low bilirubin concentration were
omitted. For the sake of brevity, therefore, the 40 curves

so

I0

TIME 0 MINUTES

FIG. 2. RANGE OF DIAZOTIZATION RATES IN THE DI-
RECTREACTIONOF 50 SERAOBSERVEDFOR 15 MINUTES
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obtained in the first group of experiments have been attain a constant volume of chloroform (10 per cent), al-
omitted from the discussion. cohol (80 per cent), and water in the form of diazo re-

The rate of diazotization of pure bilirubin (Hoffmann- agent (10 per cent) in the final reaction mixture for
LaRoche) was studied in methyl alcohol dilutions of a each concentration of bilirubin. Studies in this labora-
freshly prepared chloroform solution containing 40 mg. tory have indicated that the rate and completeness of
per 100 ml. Dilutions were made with appropriate mix- diazotization are influenced by variations in the concen-

tures of alcohol and chloroform in volumetric flasks to trations of these constituents of the reaction mixture (38).

TABLE I

Rate of azobiirubin development in the direct reaction of serum followed for 15 minutes

Serum bilirubin Per cent of 15-min. direct bilirubin developed

Case Direc | iSerum | --------------- Diagnosis
15-min. Ttl dilution 1 if 2 3 4 5 71 10 15

~ Direct mmIni. min. min. min. msn. min. mmn. min. mm.

mg. mg.

Per cent Per cent

1 0.65 1.23 1:10 63 82 82 81 90 90 94 94 100 Cirrhosis
2 0.70 1.39 1:10 62 71 78 84 89 90 95 96 100 Cirrhosis
3 0.68 1.51 1:10 65 73 78 80 82 86 91 93 100 Hepatitis, post-op.
4 0.98 1.55 1:10 72 83 83 86 89 90 95 100 Obstructive j.-cholecystitis
5 0.69 1.61 1:10 66 71 77 77 83 82 91 95 100 Cirrhosis
6 1.05 1.83 1:10 57 70 78 84 88 89 93 99 100 Obstructive j.-cholelithiasis
7 0.96 1.92 1:10 62 69 74 79 82 84 89 94 100 Cirrhosis
8 1.04 2.07 1:10 69 78 83 86 89 90 93 - 100 Cirrhosis
9 0.97 2.11 1:10 59 65 75 77 79 80 89 93 100 Cirrhosis

10 1.71 2.46 1:10 73 83 86 90 93 93 96 99 100 Metastatic carcinoma
11 1.88 2.67 1:20 69 77 81 87 90 92 95 97 100 Obstructive j.-carcinoma
12 1.25 2.69 1:10 51 63 66 71 78 79 87 89 100 Cirrhosis
13 1.23 2.85 1:10 48 59 65 74 78 83 87 93 100 Cirrhosis
14 1.48 2.97 1:10 58 72 77 79 84 86 92 92 100 Cirrhosis
15 1.27 3.09 1:10 59 68 72 77 80 82 87 94 100 Cirrhosis
16 2.00 3.50 1:10 62 72 79 84 87 90 93 96 100 Obstructive j.-cholelithiasis
17 2.36 3.53 1:10 74 81 83 86 88 91 94 97 100 Obstructive j.-choleli thiasis
18 2.07 3.85 1:10 58 66 72 77 82 84 90 91 100 Myelogenous leukemia
19 3.07 3.99 1:10 69 79 84 89 92 94 96 97 100 Metastatic carcinoma
20 3.06 4.06 1:10 76 82 - 89 90 91 92 95 100 Obstructive j.-cholelithiasis
21 3.07 4.32 1:20 72 79 82 88 89 93 95 97 100 Obstructive j.-carcinoma
22 3.07 4.57 1:20 70 79 84 90 93 95 95 97 100 Cirrhosis
23 4.05 5.06 1:10 78 86 89 93 96 97 97 99 100 Obstructive j.-cholecystitis
24 3.42 5.29 1:10 75 84 89 92 94 95 96 98 100 Massive hepat. necrosis (poison)
25 3.81 5.48 1:20 62 75 78 84 87 89 93 96 100 Obstructive j.-biliary atresia
26 3.44 6.15 1:20 61 69 75 83 86 89 93 96 100 Cirrhosis
27 5.50 7.03 1:20 78 84 88 93 94 95 97 98 100 Obstructive j.-carcinoma
28 5.44 7.48 1:20 64 72 77 83 86 89 93 98 100 Obstructive j.-biliary atresia
29 5.18 7.77 1:20 61 75 77 88 89 92 95 97 100 Cirrhosis
30 5.06 7.84 1:20 63 74 79 85 89 91 95 96 100 Cirrhosis
31 4.96 8.19 1:10 73 80 87 91 93 94 96 97 100 Massive hepat. necrosis (poison)
32 5.76 9.00 1:20 70 79 84 88 91 93 97 97 100 Obstructive j.-carcinoma
33 6.23 9.91 1:20 68 77 80 87 90 91 95 97 100 Hepatitis, recurrent
34 6.95 9.91 1:20 58 69 75 82 86 89 93 97 100 Obstructive j.-biliary atresia
35 7.13 9.98 1:20 62 71 77 84 87 90 94 97 100 Obstructive j.-biliary atresia
36 7.73 10.01 1:20 73 83 88 92 94 95 97 99 100 Hepatitis, homologous serum

37 9.08 13.39 1:20 57 75 83 89 93 94 97 99 100 Cirrhosis
38 10.93 14.44 1:20 82 89 92 94 96 97 99 100 100 Obstructive j.-carcinoma
39 10.92 14.86 1:20 75 85 88 92 94 95 97 99 100 Obstructive j.-carcinoma
40 9.90 14.86 1:20 71 82 85 91 93 95 97 99 100 Cirrhosis
41 10.78 16.93 1:20 72 81 86 90 92 93 96 98 100 Obstructive j.-carcinoma
42 11.27 17.46 1:20 70 81 86 92 95 96 97 99 100 Obstructive j.-carcinoma
43 10.73 17.50 1:20 54 67 72 79 85 89 94 97 100 Obstructive j.-carcinoma
44 12.75 18.73 1:20 70 80 85 89 93 94 97 98 100 Obstructive j.-carcinoma
45 13.92 19.15 1:50 61 72 78 84 87 89 94 97 100 Obstructive j.-carcinoma
46 11.81 19.33 1:50 69 77 82 88 90 90 95 98 100 Obstructive j.-carcinoma
47 16.20 22.84 1:50 70 79 83 88 92 93 96 100 100 Obstructive j.-carcinoma
48 17.25 24.86 1:50 70 79 83 88 90 94 95 97 100 Obstructive j.-carcinoma
49 15.28 25.04 1:50 65 74 79 84 88 90 94 96 100 Obstructive j.-carcinoma
50 20.30 26.56 1:40 75 83 87 91 94 95 98 98 100 Obstructive j.-carcinoma

Mean: 66 76 79 86 89 91 94 97 100
Standard Deviation: 7.3 6.5 11.8 5.3 7.1 4.3 2.9 2.4 0
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TABLE II

Rate of azobilirubin development in the direct reaction of serum followed for 120 minutes

Serum bilirubin Per cent of 120 mini. direct azobilirubin developed

Case ~~~Serum
D2 irec dtluto 1 1 1 2 3 4 5 71 10 15 20 30 45 60 75 90 105120DirectTotalmin m. min. min. mini. mini. mini. mini. mini. mini. mini. mini. mini. mini. mini. mini. min.min.

~~d I~mg
mg.

per cent
0.84
0.92
0.84
1.08
1.01

1.33
1.35
1.40
1.44
1.87
2.04
1.62
1.93
1.99
1.71
2.55
2.74
3.13
3.31
3.36
3.44
3.65
4.27
3.82
4.18
3.90
5.99
5.97
5.72
5.94
5.64
6.50
7.02
7.74
7.83
8.25
9.61

11.51
11.73
10.48
11.62
12.24
11.91
14.22
15.32
12.95
17.69
18.48
16.59
20.86

per cent
1.23
1.39
1.51
1.55
1.61
1.83
1.92
2.07
2.11
2.46
2.67
2.69
2.58
2.97
3.09
3.50
3.53
3.85
3.99
4.06
4.32
4.57
5.06
5.29
5.48
6.15
7.03
7.48
7.77
7.84
8.19
9.00
9.91
9.91
9.98

10.01
13.39
14.44
14.86
14.86
16.93
17.46
17.50
18.73
19.15
19.33
22.84
24.86
25.04
26.56

1:10

1:10

1:10

1:10

1:10

1:10

1:10

1:10

1:10

1:10

1:20

1:10

1:10

1:10

1:10

1:10

1:10

1:10

1:10

1:10

1:20

1:20

1:10

1:10

1:20

1:20

1:20

1:20

1:20

1:20

1:10

1:20

1:20

1:20

1:20

1:20

1:20

1:20

1:20

1:20

1:20

1:20

1:20

1:20

1:50

1:50

1:50

1:50

1:50

1:40

49

48

52

66

45

46

44

52

40

67

64

39

30

43

44

49

64

38

64

70

64

59

74

67

57

54

72

59

55

54

64

67

61

52

56

68

54

78

70

67

67

63

49

64

56

63

64

65

60

73

64

54

58

76

48

56

49

58

44

76

71

49

38

53

56

70

44

74

74

70

67

81

75

68

61

77

66

68

63

71

70

68

62

65

78

70

84

79

77

75

74

61

71

65

71

71

74

68

80_

64

59

63

53

62

53

62

50

79

75

51

41

57

53

62

71

48

78

73

71

85

80

71

67

81

71

70

67

77

75

72

68

70

82

79

87

82

81

79

81

65

76

71

75

76

78

73

85

63

64

65

76

53

67

56

64

52

82

80

55

47

59

58

66

74

51

83

80

79

76

88

82

76

73

85

75

80

73

80

78

77

74

76

86

84

89

86

86

83

84

'71
80

76

80

80

82

77

88

70

68

66

78

57

70

58

67

53

85

83

60

50

63

60

69

76

54

85

82

80

78

91

84

79

76

87

79

80

75

82

80

80

78

79

88

87

91

88

88

85

87

77

83

79

82

84

84

81

91

70

69

69

81

57

71

60

67

54

85

84

61

53

64

61

71

78

56

87

82

83

80

92

85

81

79

88

82

84

77

83

82

80

80

82

89

89

92

89

90

87

88

80

84

81

82

85

86

83

92

73

72

73

82

63

74

163
70

160
88

88

66

55

68

65

74

81

60

89

84

85

80

92

86

85

82

89

85

86

81

84

86

84

84

86

91

91

94

90

92

89

89

85

87

85

87

88

89

86

95

73

73

75

86

65

79

67

62

91

90

69

59

68

70

76

83

60

90

87

86

81

93

87

88

85

90

89

88

82

85

86

86

87

89

92

93

95

92

93

91

91

87

88

88

89

91

91

89

951

77

76

80

91

69

79

71

75

67

91

92

77

64

74

74

79

86

66

93

91

89

84

95

89

91

88

92

91

90

85

88

89

89

90

91

94

95

95

93

94

93

92

90

90

91

91

92

93

92

97

79

78

80

92

71

82

73

78

69

95

94

80

67

77

80

82

90

69

94

93

91

89

96

91

93

90

93

93

93

89

89

92

90

92

93

94

96

97

95

96

94

92

92

91

93

93

95

95

95

98

83

83

85

94

78

85-

79

80

78

94

96

83

75

83

85

86

93

75

96

95

94

91

97

92

97

94

95

96

96

91

92

94

94

95

95

96

98

98

96

98

96

94

96

94

96

96

97

97

96

99

90

89

91

96

88

88

88

87

85

98

99

89

82

88

90

91

97

84

97

99

97

94

98

95

97

97

97

99

98

93

94

97

97

97

97

97

99

99

98

98

98

95

97

96

97

97

98

98

98

99

91

92

94

98

90

92

92

91

88

98

99

92

88

92

93

94

99

87

99

100

98

96

99

97

98

99

98

99

100

95

97

98

97

97

98

98

99

100

98

98

100

98

99

100

99

100

99

99

99

93

97

96

97

95

96

96

92

94

98

99

94

86

93

95

96

100

92

99

100

98

97

99

97

99

100

100

100

99

97

97

99

98

98

99

99

100

99

98

99

99

100

99

97

99

100

100

99

99

97

99

96

98

95

96

98

96

96

98

100

94

95

97

97

97

100

95

99

99

96

99

100

99

100

100

100

100

100

97

99

99

100

99

100

99

100

100

99

99

100

98

100

98

99

100

100

100

100

100

99

98

97

100

99

97

99

97

97

100

100

98

98

100

98

100

100

96

99

99

99

100

100

100

99

100

100

99

99

99

99

100

100

99

100

99

100

100

99

100

99

99

99

97

100

100

100

100

99

100

100

100

100

98

100

100

100

100

100

100

100

100

100

99

100

100

99

100

100

99

100

100

100

100

100

100

100

99

99

100

100

99

100

100

100

100

100

99

100

100

97

98

99

97

99

100

100

99

99

99

Mean: 58 66 70 74 77 78 81 83 86 88 91 95 96 97 98 99 100
Standard Deviation: 3.1 4.5 4.2 10.9 10.6 10.6 12.8 9.7 8.6 9.7 6.7 4.6 3.5 2.8 1.7 1.0 0.8

The data relating to the clinical significance of the

one-minute bilirubin and its relationship to the urinary

excretion of bilirubin were obtained from routine, simul-

taneously collected, fresh blood and urine specimens sub-

mitted to the laboratory for examination. They were

analyzed as soon as possible, but in many instances

there was a delay of as long as three hours. One-minute

and total serum bilirubin concentrations were deter-

mined by the method described for the first group of

experiments in which the Klett-Summerson colorimaeter

was employed. Urine bile was determined by Sparkman's

method (39). After these studies had been completed the

accuracy of the urine bile method was checked against

that of Watson and Hawkinson (40).
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I

I

Tug wTD

FIG. 3. RANGE OF DIAZOTIZATION RATES IN THE Di-
RECTREACTIONOF 50 SERAOBSERVEDFOR 120 MINUTES

The terminology suggested by Watson (1) has been
adopted in this report, "one-minute" and "prompt direct"
bilirubin being used interchangeably, and "total" refer-
ring to the value obtained after the addition of alcohol.

The term "indirect," however, has been applied to the
difference between the "total" and the "120-minute direct"
bilirubin, and no account has been taken of the "de-
layed direct" fraction ("120-minute direct" minus the
"one-minute"), since its significance is entirely depend-
ent on the interpretation put on the diazotization curves

under investigation. Watson regards the "delayed di-
rect" and "indirect" fractions of bilirubin as identical,
and, therefore, considers them as an entity ("total" minus
"one-minute" fraction).

RESULTS

The rate of azobilirubin development. The
mean values for azobilirubin development observed
for 15 minutes are plotted in Figure 1, and the
reaction curves reported by Watson (1) are su-

perimposed for purposes of comparison. The
contour of the direct bilirubin curve observed by
Watson has been described as a composite of two

ILE III

Rate of azobilirubin development in alcohol-chloroform solutions of pure bilirubin followed for 120 minutes

Bilirubin concentration Per cent of azobilirubin developed

Reaction Serum 1 1f 2 3 4 5 7j 10 15 20 30 45 60 75 90 105 120
mixture* equivalentt miX. mim. miX. mix. miX. min. mim. min. miX. min. min. min. min. min. mix. min. min.

mg. per cent mg. per cent
0.08 1.92 - 47 53 58 64 70 75 80 87 90 96 96 96 100 99 99 98
0.08 1.92 42 52 55 60 64 68 76 81 86 92 94 97 97 98 100 98 100
0.08 1.92 45 49 53 58 64 71 77 80 86 90 93 97 99 98 100 99 99
0.08 1.92 44 47 51 58 62 66 74 79 85 89 92 96 96 99 99- 100

0.16 3.84 - 55 58 62 66 69 74 77 84 88 92 93 93 97 96 99 100
0.16 3.84 50 53 55 60 64 67 73 77 83 89 91 93 97 97 97 97 100
0.16 3.84 50 56 56 60 65 67 74 78 82 88 91 96 97 100 97 100 99
0.16 3.84 48 51 55 59 64 66 74 78 82 87 91 93 96 979 7 99 100

0.32 7.68 - 59 62 66 69 72 78 83 89 94 97 98 98 99 100 - 97
0.32 7.68 - 57 60 63 65 68 75 81 87 89 95 98 99 99 100 99 97
0.32 7.68 57 58 62 65 69 72 77 80 87 91 96 99 99 99- 100 99
0.32 7.68 56 59 61 65 68 71 76 81 86 91 95 98 100 98 98 98 99

0.40 9.60 -- 61 65 69 72 76 81 87 93 97 100 100 100 100 99 99
0.40 9.60 58 60 61 66 68 71 76 82 87 92 96 98 99 100 100 99 99
0.40 9.60 - 58 60 65 66 71 76 81 86 92 96 99 100 100 100 100 100
0.40 9.60 57 59 61 63 68 71 77 81 88 92 96 99 99 100 99 99 99

0.64 15.36 56 59 61 64 67 69 75 79- 89 92 97 98 99 99 99 100
0.64 15.36 55 57 59 63 65 69 74 78 83 88 93 96 98 99 100 100 100
0.64 15.36 55 58 60 63 66 69 74 78 84 88 94 97 98 99 100 100 100
0.64 15.36 56 59 61 64 68 70 76 80 87 91 96 99 100 100 99 99 99

0.80 19.20 - 64 65 69 71 74 80 83 89 94 98 99 100 100 98 99 98
0.80 19.20 60 63 64 67 70 73 79 83 88 93 98 100 99 100 99 98 98
0.80 19.20 60 62 64 67 69 71 77 81 86 92 95 99 99 100 99 99 99

..-I- 1
Mean: 53 56 59 63 67 70 76 80 86 91 95 97 98 99 99 99 99

Standard Deviation: 5.6 4.7 3.8 3.1 2.3 2.2 1.7 1.8 2.1 2.1 3.0 2.1 1.7 1.1 1.2 0.8 1.0

* Final concentration of reaction mixture: chloroform 10 per cent, methyl alcohol 80 per cent, water (diazo reagent)
10 per cent.

t Equivalent to concentration of total serum bilirubin determined by Watson modification (37) of Malloy-Evelyn
method (36), employing an initial 1:10 dilution of serum, and a serum dilution of 1:24 in the final reaction mixture.
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TABLE IV

Rate of azobilirubin development in alcohol-chloroform solutions of pure bilirubin followed for 15 minutes

Bilirubin concentration Per cent of azobilirubin developed

Reaction Serum 1 i 2 3 4 5 7i 10 15
mixture* equivalentt min. min. min. min. min. min . min . min . min.

mg. per cent mg. per cent
0.08 1.92 - 55 61 67 74 81 86 92 100
0.08 1.92 49 61 64 70 75 79 89 95 100
0.08 1.92 53 57 61 68 74 82 89 92 100
0.08 1.92 51 55 60 68 72 78 87 93 100

0.16 3.84 65 69 74 79 82 88 92 100
0.16 3.84 60 64 66 73 77 81 87 93 100
0.16 3.84 61 68 68 74 79 82 90 95 100
0.16 3.84 59 63 67 72 78 81 90 95 100

0.32 7.68 66 69 74 77 81 87 93 100
0.32 7.68 65 69 73 75 79 87 93 100
0.32 7.68 65 66 71 74 79 83 88 92 100
0.32 7.68 65 68 71 75 79 83 88 94 100

0.40 9.60 _ 70 74 79 82 88 93 100
0.40 9.60 66 69 70 76 78 82 88 94 100
0.40 9.60 - 67 70 75 77 83 88 93 100
0.40 9.60 65 68 70 72 78 81 87 93 100

0.64 15.36 66 69 71 74 79 83 89 94 100
0.64 15.36 66 69 71 74 79 82 88 93 100
0.64 15.36 65 68 70 74 78 81 87 92 100

0.80 19.20 72 74 78 81 84 90 94 100
0.80 19.20 69 72 73 77 80 83 90 94 100
0.80 19.20 69 71 74 77 80 82 89 94 100

Mean: 62 66 69 73 78 82 88 93 100
Standard Deviation: 6.2 5.0 3.9 2.8 2.3 1.5 1.2 1.0 0

* Final concentration of reaction mixture: chloroform 10 per cent, methyl alcohol 80 per cent, water (diazo reagent)
10 per cent.

t Equivalent to concentration of total serum bilirubin determined by Watson modification (37) of Malloy-Evelyn
method (36), employing an initial 1:10 dilution of serum, and a serum dilution of 1:24 in the final reaction mixture.

curves, the change from the almost vertical to
the more horizontal component representing a
change in the order of reaction and indicating the
presence of two compounds (1). This interpre-
tation is the basis for the partition of serum bili-
rubin at one minute, and depends on the assump-
tion that the reaction of a single bilirubin would
describe a parabolic curve.

It can be seen that the mean values for azobili-
rubin developed in the direct reaction of 50 sera,
observed for an arbitrary period of 15 minutes,
fall on a diphasic curve similar to that described by
Watson. However, when the diazotization reac-
tion curves for the individual sera were plotted
(Figure 2 and Table I) they were found to ex-
hibit marked variations in their contour. This
was even more apparent when diazotization was
allowed to go on to completion during a two-

hour period. It is evident from Figure 3 and
Table II that there is no characteristic curve for
the diazotization of serum bilirubin in the direct
reaction, that the curves are more or less diphasic,
but variable in contour, and that the change in the
order of reaction described by Watson (1) is
neither constant at one minute nor clearly dis-
cernible in all sera. Moreover, a comparison of
Figures 2 and 3 illustrates the necessity for allow-
ing diazotization to go on to completion in study-
ing the reaction curve of bilirubin. In the present
experiments on serum, diazotization was usually
complete in one to two hours, and, in many in-
stances, was followed by a slight decrease in azo-
bilirubin concentration, possibly due to fading of
its color. This phenomenon was also observed
during diazotization of alcohol-chloroform solu-
tions of pure bilirubin (Table III). A number of
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jaundiced sera and solutions of bilirubin were ob-
served for periods longer than two hours follow-
ing diazotization. In none was there a significant
increase in azobilirubin concentration after two
hours.

When the mean values for azobilirubin develop-
ment in alcohol-chloroform solutions are plotted
(Figure 1) they fall on a diphasic curve similar

to that found in the direct reaction of jaundiced
sera, rather than on the hypothetical parabolic
curve of a single bilirubin suggested by Watson
(1). The individual curves exhibited some de-
gree of variation in their contour (Tables III and
IV), but not as great as that seen in the direct re-
action of serum.

Similarly the diazotization curve for indirect

BLE V

Rate of azobilirubin development in the indirect reaction of serum on the addition of
alcohol following completion of the direct reaction

Serum bilirubin Per cent of indirect bilirubin Serum bilirubin Per cent of indirect bilirubin

Case

eIndi- 2 3 4 5 10 15 Indi- 1 2 3 4 m10 1m 20 30
|nrect tat mnin. m min. min. mn. min. min. rectt min. min. min. min. min. m1n. m1n. m2n m3n.

1
2
3
5
6
8

10
11
12
13
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
33
35
36
37
38
39
40
42
43
44
46
47
49
50

mg.
per cent

0.39
0.47
0.59
0.60
0.50
0.67
0.59
0.63
1.07
0.89
1.38
0.88
0.79
0.72
0.68
0.70
0.88
0.92
0.79
1.31
1.30
2.18
1.04
1.51
2.05
1.90
2.59
2.15
1.76
3.78
2.93
3.13
4.38
5.05
5.59
4.51
4.06
5.15
7.45
5.70

mg.
per cent

1.23
1.39
1.43
1.61
1.83
2.07
2.46
2.67
2.69
2.82
3.09
3.43
3.53
3.85
3.99
4.06
4.32
4.57
5.06
5.13
5.48
6.08
7.03
7.48
7.77
7.84
9.61
9.98

10.01
13.39
14.44
14.86
14.86
17.29
17.50
18.73
17.01
22.84
24.04
26.56

86
85
80
89
92
86
89
85
86
92
84
95
94
91
97
97
93

100
96
95
95
82
96
82
97
99
86
97
94
96
99
99
89
87
99
97
94
95
84
98

87
89
80
95
92
91
89
92
89
93
89
97
94
93
97

96
100
98
97
96
86
97
90
99

100
89
99
97
97
99
99
92
87
99
98
97
96
88
99

96
.91
85
97
94
91
93
95
90
96
91
97
97
93
98
98
99

100
98
97
97
90

100
97

100
100
90
99
96
98
99

100
91
87
99
98
99
96
90
99

96
95
88
97
94
95
94
97

96
94

100
97
94
99
98
99

100
99
98
99
93

100
97

100
100
93
99
97
99

100
99
92
88

100
98

100
97
92

100

94
97
93
98
94
95

100
99
93
97
94
99
98
96
99

100
100
100
99
99
99
94

100
100
100
100
93
99
97

100
100
100
93
88

100
96

100
97
94

100

96
100
99
98

100
100
98

100
100
100
99

100
100
100
100
98

100
100
100
100
100
99

100
94

100
100
96

100
100
100
100
99

100
89

100
96

100
100
97

100

100
96

100
100
100
98
98
99
99
99

100
100
100
100
100
99
99

100
100
100
94

100
100

95
100
100
100
100
99

100
98
97

100
100
100
100
100
100
100
100

mg.
per cent

0.39
0.47
0.67
0.60
0.50
0.67
0.59
0.63
1.07
0.92
1.38
0.95
0.79
0.72
0.68

0.88
0.92
0.79
1.47
1.30
2.25
1.04
1.51
2.05
1.90
2.89
2.15
1.76
3.78
2.93
3.13
4.38
5.22
5.59
4.51
6.38
5.15
8.45
5.70

mg.
per cent

1.23
1.39
1.51
1.61
1.83
2.07
2.46
2.67
2.69
2.85
3.09
3.50
3.53
3.85
3.99

4.32
4.57
5.06
5.29
5.48
6.15
7.03
7.48
7.77
7.84
9.91
9.98

10.01
13.39
14.44
14.86
14.86
17.46
17.50
18.73
19.33
22.84
25.04
26.56

86
85
77
89
92
86
89
85
86
91
84
94
94
91
97

93
100
96
92
95
81
96
82
97
99
83
97
94
96
99
99
89
86
99
97
83
95
81
98

87
89
77
95
92
91
89
92
89
92
89
96
94
93
97

96
100
98
94
96
85
97
90
99

100
86
99
97
97
99
99
92
86
99
98
85
96
85
99

96
91
81
97
94
91
93
95
90
95
91
96
97
93
98

99
100
98
94
97
89

100
97

100
100

87
99
96
98
99

100
91
86
99
98
86
96
87
99

96
95
84
97
94
95
94
97

95
94
98
97
94
99

99
100
99
95
99
91

100
97

100
100
90
99
97
99

100
99
92
87

100
98
88
97
88

100

94
97
88
98
94
95

100
99
93
96
94
97
98
96
99

100
100
99
95
99
93

100
100
100
100
90
99
97

100
100
100
93
87

100
96
86
97
91

100

96
100
94
98

100
100
98

100
100
99
99
98

100
100
100

100
100
100
96

100
98

100
94

100
100
93

100
100
100
100
99

100
88

100
96
87

100
94

100

100
96
95

100
100
98
98
97
99
99

100
98

100
100
100

99
100
100
97
94
99

100
95

100
100
97

100
99

100
98
99

100
99

100
100

86
100
96

100

96
95

100
95

100
95
98
97

100
98

100
100

97
99
99

99
98

100
97
97
99

100
91

100
100
98

100
100
100

97
99
94

100
100
99
86

100
97

100

93
95
94
95
99
94
94
95
99

100
99
98
97
98
99

97
89

100
100
92

100
97
92
98
97

100
99
96
99
95
97
93

100
100
98

100
96

100
100

Mean: 92 94 95 97 97 99 99 91 93 95 96 96 98 98 98 97
Standard
Deviation: 5.6 4.8 3.8 3.3 2.9 2.2 1.5 6.2 5.4 4.6 4.1 3.9 3.0 2.4 2.8 2.9

* Total minus 120-minute direct bilirubin.
t Total bilirubin read 15 minutes after addition of alcohol.
t Total minus 120-minute direct bilirubin.
§ Total bilirubin read 30 minutes after addition of alcohol.

667



GERALDKLATSKIN AND VICTOR A. DRILL

bilirubin in serum, presumably a single com-
pound, is diphasic rather than parabolic (Figure
1, Table V). The initial phase of the reaction,
however, was very much more rapid than that of
either direct serum bilirubin or pure bilirubin in
alcohol-chloroform solution.

In an analysis of the factors responsible for the
variability of the reaction curves of bilirubin in
the direct reaction of serum, the speed of diazoti-
zation appeared to be related to the total bilirubin

concentration and to the type of jaundice (Table
VI). Alcohol-chloroform solutions of pure bili-
rubin showed a similar increase in the rate of di-
azotization as the concentration of bilirubin rose
(Tables III and VI), but it was obvious from the
wide range of rates at both high and low concen-
trations in the direct reaction (Table II), and
from the unusually rapid rates in the indirect re-
action at very low concentrations (Table V), that
other factors must have been important in deter-

TABLE VI

Relation of asobilirubin development rate to bilirubin concentration and type of jaundice

Per cent of azobilirubin developed

I 1i 2 3 4 5 71 10 15 20 30 45 60 75 90 105 120
min. min. min. misn. min. min. misn. min. misn. mn. misn. misn. min. misn. misn. misn. min.

Direct Reaction in Serum

52 59 61 66 69 70 73 76 79
11.1 11.4 10.4 11.0 10.7 10.7 9.9 10.1 8.9

63
7.2

3.94

71
6.2

4.40

76
5.9

5.67

80
5.0

5.43

83
4.6

5.60

85
4.2

6.05

87
3.4

6.20

89
3.1

5.58

91
2.6

5.78

Mean: 52 60 64 68 71 73 76 78 81
Standard Deviation: 10.4 11.3 11.7 12.3 11.9 12.1 11.1 10.8 9.5

Obstructivet
Mean:

Standard Deviation:
61
7.1

3.12

69
5.7

3.06

73
5.4

3.10

78
4.7

3.19

81
4.3

3.44

83
4.0

3.40

86
3.6

3.78

88
3.5

3.78

90
3.2

3.93

82 86 91 94 96 97
8.8 6.9 5.0 3.9 3.2 1.7

93
2.3

5.56

83
9.1

92
2.8

4.11

96
1.9

6.50

97
1.5

5.36

98
1.2

4.54

99
1.1

4.29

99
0.8

4.72

87 92 94 96 98
7.3 4.8 3.7 3.2 1.8

95
2.6

4.52

97
2.3

4.06

98
1.7

4.33

99
0.3

4.06

99
1.3

1.93

99
0.7

99 100
1.0 0.3

99
0.8

Alcohol-Chloroform Solutions

Concentration (in
reaction mixture)

0.08-0.32 mg. per cent
Mean: 49 54 57 61 65 69 75 80 85 90 94 96 97 98 98 99 99

Standard Deviation: 5.1 4.2 3.6 2.8 2.1 2.2 1.5 1.8 2.1 1.9 2.1 2.1 1.8 1.2 1.5 0.9 1.1

0.40-0.80 mg. per cent:
Mean: 57 60 62 65 68 71 76 81 87 91 96 98 99 100 99 99 99

Standard Deviation: 1.9 2.2 1.8 1.9 1.7 1.6 1.8 1.7 1.7 2.0 1.9 1.6 0.9 0.5 0.7 0.7 0.8

t§ 3.91 4.08 4.031 3.81 3.53| 2.441 1.40 1.331 2.401 1.18| 2.301 2.51 3.25 5.09 1.92 -

* Values greater than 2.75 correspond to a P value of less than 0.01 and indicate a highly significant difference be-
tween means.

t Twenty cases in which diagnosis was established with reasonable certainty. Mean total serum bilirubin 5.49 4
4.1 mg. per cent.

t Nineteen cases in which diagnosis was established with reasonable certainty. Mean total serum bilirubin 11.79 4
7.6 mg. per cent.

§ Values greater than 2.85 correspond to a P value of less than 0.01 and indicate a highly significant difference between
means.
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Total bilirubin
Concentration

1.23-4.57 mg. per cent
Mean:

Standard Deviation:

5.06-26.56 mg. per cent
Mean:

Standard Deviation:

Type of jaundice
Parenchymatoust

99 100
1.3 0.6

99
1.0

1.43

99
0.9

1.43
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FIG. 4. RELATION OF ONE-MINUTESERUMBILIRUBIN CONCENTRATIONTO THE CONCENTRATION
OF BILIRUBIN IN URINE

G= group as a whole. R = jaundice increasing. F = jaundice subsiding.
Number of urines tested recorded at head of each column.

mining the speed of diazotization. The more rapid
diazotization of serum in obstructive than in
parenchymatous jaundice was probably related to
the significantly higher concentration of total bili-
rubin in the former (Table VI).

Relation of the one-minute bilirubin level in
serum to the renal excretion of bilirubin. The
results of 507 simultaneous blood and urine analy-
ses are summarized in Figures 4 and 5. Con-
sidering the group as a whole (column G, Figure
4) it can be seen that bilirubinuria occurred with
increasing- frequency and intensity as the blood
level of one-minute bilirubin rose, but there did
not appear to be a renal threshold for one-minute
bilirubin, since bilirubinuria occurred, in some in-
stances, at blood levels within the normal range,
and failed to appear in others at more than 10
times that level. Since it has been suggested that
the threshold may be variable, and in hepatitis, at

least, related to the stage of the disease (1), the
relationship between serum one-minute bilirubin
and bilirubinuria was compared in individuals
with increasing and decreasing jaundice. It can
be seen in Figure 4 (columns R and F) that there
is no significant difference between the two groups.
The same is also true when hepatitis, cirrhosis
and extrahepatic biliary obstruction are com-
pared (Figure 5). It is to be noted that when the
serum level of one-minute bilirubin exceeded 5.0
mg. per cent bilirubin invariably appeared in the
urine. The significance of this observation will
be discussed later.

All the urine analyses in this laboratory are
carried out by a well-trained technician employ-
ing the method of Sparkman (39). Only rarely
have weakly positive tests for bile been observed in
normal individuals. To test the reliability of the
method, however, especially in those instances

669



GERALDKLATSKIN AND VICTOR A. DRILL

where the test was positive for bile in the presence

of a normal one-minute serum bilirubin level, and
to compare these results with Watson's, a series
of 350 successive urines were tested by both
Sparkman's technique and by the Watson-Hawk-
inson barium-strip method (40). In 249 in-
stances both tests were negative for bile, in 46
both tests were positive, and in 55 the test was

positive by Sparkman's method and negative by
the barium-strip method. That the discrepancy
between the two methods was due to the greater
sensitivity of Sparkman's technique, rather than
to an inordinate number of false-positive results
is suggested by the following: (1) all the urines
tested were obtained from patients with proved
or suspected liver disease, (2) when both tests
were positive, Sparkman's invariably gave the
stronger reaction, and (3) of the 40 individuals
with a positive Sparkman and negative barium-
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strip test who had simultaneous serum bilirubin
determinations, 20 had abnormally high bilirubin
levels, six with one-minute values over 1.0 mg.

per cent (maximum 8.4), and nine with total bili-
rubin levels over 2.0 mg. per cent (maximum
16.73).

It is well known that urine bilirubin decomposes
on standing, especially in sunlight. Sivo and
Forrai (41) have found that with mild bili-
rubinuria the Gmelin test may become negative
within three hours in the shade, and within one

hour in sunlight. Most of the urines in the pres-

ent study were exposed to ordinary room light
in the laboratory for one to three hours, so that
mild degrees of bilirubinuria may have escaped
detection. It is doubtful that elimination of this
error would have influenced the results to any

great extent, since adding one-plus positive at the
expense of negative tests would not have changed
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FIG. 5. RELATION OF ONE-MINUTE SERUMBILIRUBIN CONCENTRATIONTO THE CONCENTRATION
OF BILIRUBIN IN URINE IN VARIOUS TYPES OF JAUNDICE
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FIG. 6. RELATION OF ONE-MINUTE TO TOTAL SERUMBILIRUBIN CONCENTRATIONIN VARIOUS TYPES OF JAUNDICE

the range of one-minute serum bilirubin values
over which bilirubinuria occurred.

The clinical significance of the one-minute serum
bilirubin level. In Figure 6 are plotted the values
for one-minute and total serum bilirubin in 400
random blood samples submitted to the laboratory
for analysis during a two-year period. Several
hundred other observations made during the same
period are not included because the values fell
within the normal range, or slightly above, and
could not be plotted without obscuring the details
of the figure. It is evident that over a wide range
of values there is a more or less direct relationship

between the one-minute and total serum bilirubin
levels, and that the range of ratios between the two
is wide at low concentrations and tends to narrow
at high concentrations. There is a suggestion,
moreover, that the ratio tends to increase with the
concentration of total bilirubin, although the num-
ber of observations at very high levels is too small
to establish this point with certainty.

It is also evident from Figure 6 that there is no
significant difference in either the concentrations
of one-minute bilirubin or in the one-minute: total
bilirubin ratios in extrahepatic obstruction, cir-
rhosis, hepatitis, and a variety of miscellaneous
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conditions, including congestive failure, anemia,
and infection. Unfortunately only four bloods
from patients with hemolytic jaundice were avail-
able for study. All showed relatively low one-
minute bilirubin concentrations and low one-min-
ute: total bilirubin ratios. However, it can be
seen from Figure 6 that these values fall within
the lower limits of the range observed in other
types of jaundice, and so are of little value in dif-
ferentiating this type of jaundice from the others.

COMMENT

From the data presented it appears that the
one-minute bilirubin level is an arbitrarily se-
lected point on the ascending limb of a variable
diphasic curve representing azobilirubin develop-
ment in the direct reaction of serum. While the
ratio of one-minute: total bilirubin may serve as
an index of the speed of the reaction during its
initial rapid phase, the evidence does not support
the contention that the one-minute fraction is a
measure of a distinct type of bilirubin. Gray and
Whidborne (9) and more recently Deenstra (42)
have come to essentially the same conclusion.

The conclusion that there are two types of
bilirubin in serum was based on the observation
that the reaction curve for direct azobilirubin de-
velopment was diphasic, and on the assumption
that the reaction curve for a single bilirubin would
be parabolic (1). The clearly diphasic character
of the reaction curves for known single types of
bilirubin in the experiments being reported, either
in the form of alcohol-chloroform solutions of pure
bilirubin, or as indirect bilirubin in alcohol-serum
mixtures, while not necessarily identical with that
of a hypothetical single bilirubin in serum alone,
casts doubt on the validity of this assumption.
Unfortunately the solubility of bilirubin is such
that the preparation of a simple solution in serum
is not possible without the introduction of strong
alkali, alcohol or chloroform, all of which may in-
fluence the rate of diazotization.

As for the diphasic character of the reaction
curve of azobilirubin development in the direct
reaction of serum, it has been shown to be incon-
stant, and, when present, to be of variable contour.
This is difficult to explain on the basis of varying
proportions of two types of bilirubin in serum.
If such were the case, each type might be ex-

pected to exhibit a distinctive reaction curve.
Yet, both in the present experiments and in those
of Gray and Whidborne (9), indirect bilirubin,
one of the two types, showed a variability in its
speed of diazotization similar to that of the pre-
sumed mixture of two bilirubins in the direct re-
action. A number of other experiments may be
cited as further evidence against the theory that
fractionation of serum bilirubin based on the van
den Bergh reaction measures two types of bili-
rubin in serum. Thus, Cantarow (10) found that
when two sera containing different proportions of
direct and indirect bilirubin were mixed, the final
concentrations observed were different from those
predicted for solutions containing two types of
bilirubin. Gray and Whidborne (9) demonstrated
that the rate of diazotization of pure bilirubin added
to serum depended on the clinical state of the pa-
tient from whom the serum was obtained. These
and other experiments suggest that the rate of
diazotization may depend on chemical or physical
factors in the serum, rather than on differences
in the chemical nature of bilirubin. The striking
difference in the rate of diazotization of bilirubin
in alcohol-chloroform solutions and in serum-
alcohol mixtures (indirect reaction) observed in
the present experiments illustrates the importance
of the solvent in which the reaction occurs.

The factors governing the speed of diazotization
of bilirubin in serum are not fully understood. It
is well recognized that the concentration of total
bilirubin is an important factor in determining
the type of visual or qualitative van den Bergh
reaction obtained (43). Thus, a prompt direct
reaction can be converted to a biphasic, and then
to a delayed direct by simple serial dilution of
serum (44, 45), suggesting a decreased rate of
diazotization. However, Deenstra (42) has
pointed out the important fact that the color de-
velopment apparent to the naked eye depends
both on the speed of diazotization and on the con-
centration of bilirubin present, so that a prompt
direct reaction may occur either with a high con-
centration of bilirubin reacting slowly, or with a
low concentration reacting rapidly. Moreover,
Gray and Whidborne (43) have shown that, in
the dilution employed in the qualitative van den
Bergh reaction, concentrations of azobilirubin may
be attained which fall outside the range in which
Beer's law holds, and have pointed out the impor-
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tance of this factor in determining the type of
visual reaction observed. In quantitative studies
of azobilirubin development employing a photo-
electric colorimeter, however, the serum is always
diluted sufficiently to avoid this effect. It must be
recognized, therefore, that the results of the vis-
ual and colorimetric van den Bergh determinations
are not comparable. Nevertheless, the results of
the present experiments suggest that the concen-
tration of bilirubin is also a factor in determin-
ing the speed of diazotization when the reaction
is studied colorimetrically, although there are
reasons to believe that other factors play an
important role.

The physiological basis for differentiating two
types of bilirubin in serum appears to be as un-
certain as the chemical. The evidence indicating
that the prompt direct type represents regurgitated
bilirubin is largely circumstantial. In experi-
mental obstructive jaundice the qualitative van den
Bergh reaction is indirect early and changes to
biphasic and then to prompt direct as the jaundice
deepens (46-48), a finding to be expected in the
light of Gray and Whidborne's work (9), but diffi-
cult to explain if the prompt direct reaction meas-
ures regurgitated bilirubin. In Gonzales-Od-
done's experiments (17) there was a prompt in-
crease in the one-minute bilirubin fraction in
thoracic duct lymph following biliary obstruction.
While this has been cited as evidence that a spec-
ial type of bilirubin was being regurgitated from
the biliary tree into the lymph and thence into
blood (37), the possibility cannot be excluded that
bilirubin was passing from the sinusoids to the
lymph directly, without passing through the liver
cells or bile capillaries, and that its rapid diazoti-
zation rate, indicated by the marked increase in
the one-minute fraction, was due to the appearance
or accumulation in hepatic lymph of other sub-
stances affecting the speed of diazotization. Sim-
ilarly, the high proportion of one-minute bilirubin
in fistula bile, cited as evidence for the specificity
of excreted bilirubin (37), might well be related
to the high concentration of bilirubin in bile and
to other chemical and physical properties of bile
affecting its rate of diazotization. Convincing
clinical evidence that the one-minute serum bili-
rubin fraction has been regurgitated from the
biliary tree is likewise lacking. Even if hepato-
cellular damage were always accompanied by some

degree of bile regurgitation, a significantly higher
proportion of prompt direct bilirubin might be
expected in the serum of obstructive than in
hepatocellular jaundice. Yet, no such difference
has been demonstrated in the present study, based
on one-minute: total serum bilirubin ratios, or in
other investigations based on the qualitative van
den Bergh reaction (3, 4, 45).

The mechanisms underlying the renal excre-
tion of bilirubin are still obscure. Since all of the
bilirubin in serum is protein-bound (11, 14, 26-
28) and that in urine protein-free (11), it is
probable that excretion occurs predominantly by
way of the tubules rather than by glomerular fil-
tration (34). The most perplexing problem is
the relationship of the urinary excretion of bili-
rubin to its concentration in blood. The most
striking feature of this relationship, usually ex-
pressed as the "renal threshold," is its extreme
variability which is evident not only in the sev-
eral types of jaundice (1, 3, 4), but also during
the development and recession of jaundice (1), in
individual (1) and species (49) differences, and
in relation to the functional state of the kidneys
(50). Attempts have been made to correlate the
renal excretion of bilirubin with its concentration
in serum, with its chemical or physical state in
serum, and with the functional capacity of the
kidney. Since van den Bergh's time a relationship
between serum concentration and urinary excre-
tion of bilirubin has been recognized, and several
"threshold" values have been reported, depend-
ing on the methods of analysis employed (3, 4,
12). The failure of bilirubin to appear in the urine
in hemolytic jaundice, even at high serum levels,
has made it clear that serum concentration cannot
be the only factor involved, and it has been sug-
gested that there is a "renal threshold" for direct
bilirubin but that the kidney is impermeable to
indirect bilirubin (3, 4, 7). This conclusion, based
on the qualitative van den Bergh reaction, has not
been confirmed by either With (12) or Watson
(1), but these investigators differ in their inter-
pretation of the findings, especially in hemolytic
jaundice. With (12, 13, 51) has found the "renal
threshold" for total serum bilirubin to be ap-
proximately 5.0 mg. per cent, and has come to the
conclusion that the absence of bilirubinuria in
hemolytic jaundice may be related to the rarity
of such levels in that disease, and that there is in-
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adequate evidence to prove that indirect bilirubin
is not excreted by the kidney. Watson (1), on

the other hand, has observed several cases of
hemolytic jaundice with total bilirubin levels well
above the "threshold" reported by With without
bilirubinuria, and has concluded that the original
suggestion that there is a "renal threshold" for
direct serum bilirubin but not for indirect is es-

sentially correct, but that the failure to find a good
correlation in the past has been due to the method
of measuring direct bilirubin. More recently
Watson has assefted that there is no fixed renal
threshold for bilirubin, but that the "prompt re-

acting bilirubin, or sodium bilirubinate, gains ac-

cess to urine with relative ease, whereas the bili-
rubinglobin probably does not pass through the
glomerulus at least from those concentrations at
which it is found in the circulating blood (52)."

The failure of bilirubin to appear in the urine
in occasional cases of obstructive jaundice, ac-

companied by severe impairment of renal func-
tion (50) suggests that, under some circumstances
at least, the "renal threshold" for bilirubin may be
related to the functional capacity of the kidney.
This has led to attempts to correlate the variability
of the "renal threshold" of bilirubin in various
types of jaundice with renal function. Thus,
Rissel (35) has reported a greater renal clearance
of bilirubin in mechanical obstructive than in
hepatocellular jaundice, which can be correlated
with differences in creatinine clearance. This dif-
ference in bilirubin clearance has been confirmed
by Enachesco, Comanesco and Zamfiresco (53),
but not by With (12), who has also failed to find
a significant correlation between bilirubin and
urea clearances (34).

Another factor which may be of some impor-
tance in connection with the renal excretion of
bilirubin is the concentration of bile salts pres-

ent in blood. Intravenously injected bilirubin is
ordinarily not excreted into the urine (54, 55) un-

less bile salts are injected simultaneously (56).
The action of bile salts in facilitating the urinary
excretion of bilirubin is not well understood, and
has been attributed both to its effect on the con-

version of indirect to direct bilirubin in serum

(57), and to a direct effect on the kidney (58).
In the present study the range of one-minute

serum bilirubin concentrations at which urinary
excretion of bilirubin occurred was so wide that

it is difficult to regard the former as a "threshold
substance." Although bilirubin excretion oc-
curred with increasing frequency and intensity as
the one-minute serum bilirubin level rose, there
was a concomitant increase in the concentration
of total bilirubin and conceivably of other sub-
stances which might affect the kidney directly, so
that the evidence for a functional relationship be-
tween the one-minute serum bilirubin level and
its excretion by the kidney is by no means con-
vincing.

As indicated above neither the absolute values
of one-minute bilirubin nor its ratio to total serum
bilirubin is of value in the differential diagnosis of
jaundice, except that a high ratio almost certainly
excludes uncomplicated hemolytic jaundice. Wat-
son agrees that the one-minute bilirubin determi-
nation is of little value in the differential diagnosis
of jaundice, but has recently expressed the opinion
that its real value lies in the diagnosis of early
biliary obstructive and parenchymal liver disease,
conditions in which he frequently finds a two- to
four-fold increase in the one-minute fraction, even
before there is a significant rise in the total serum
bilirubin level, and in chronic liver and biliary
tract disease without jaundice, in which an elevated
one-minute serum bilirubin concentration may be
even more decisive in the diagnosis than that of
the total (37). There have been too few in-
stances of an elevated one-minute bilirubin level
without an increase in total serum bilirubin in this
laboratory to permit an evaluation of such obser-
vations. We would agree with Deenstra (42),
however, in interpreting such an increase as indica-
tive of a change in the serum accelerating diazoti-
zation, rather than of an accumulation of regurgi-
tated bilirubin.

CONCLUSIONS

1. The evidence presented does not support the
view that the one-minute serum bilirubin frac-
tion is a chemically distinct entity, representing
regurgitated bilirubin, which can be differentiated
from indirect bilirubin by its physico-chemical
properties and by its physiological behavior in the
kidney.

2. The one-minute bilirubin level is an arbi-
trarily selected point on the ascending limb of a
variable diphasic curve representing the rate of
azobilirubin development in the direct van den
Bergh reaction of serum.

674



SIGNIFICANCE OF "ONE-MINUTE
)

BILIRUBIN IN SERUM

3. The one-minute: total serum bilirubin ratio
is an index of the rate of diazotization in the direct
reaction and tends to be low in hemolytic jaundice,
but is of limited value in the differential diagnosis
of jaundice because of the wide range of overlap-
ping values in biliary obstruction and hepatocel-
lular disease.

4. The evidence suggests that the rate of di-
azotization is determined by the concentration of
bilirubin and by chemical or physical factors in
serum, and not by the presence of variable mix-
tures of two types of bilirubin having different
reaction rates.

5. The urinary excretion of bilirubin does not
appear to be determined by the one-minute serum
bilirubin level.

BIBLIOGRAPHY

1. Watson, C. J., Some newer concepts of the natural
derivatives of hemoglobin. Blood, 1946, 1, 99.

2. Ducci, H., and Watson, C. J., The quantitative de-
termination of the serum bilirubin with special
reference to the prompt-reacting and the chloro-
form-soluble types. J. Lab. & Clin. Med., 1945,
30, 293.

3a. van den Bergh, A. A. H., and Miuller, P., tber eine
direkte und eine indirekte Diazoreaktion auf
Bilirubin. Biochem. Ztschr., 1916, 77, 90.

b. van den Bergh, A. A. H., La recherche de la bili-
rubine dans le plasma sanguin par la method de la
reaction diazoique. Presse Med., 1921, 29, 441.

4. Andrewes, C. H., A clinical study of van den Bergh's
test in jaundice. Quart. J. Med., 1924, 18, 19.

5. Barron, E. S. G., Bilirubinemia. Medicine, 1931, 10,
77.

6. Harrop, G. A., Jr., and Barron, E. S. G., The nature
of the van den Bergh reaction. Tr. A. Am. Physi-
cians, 1929, 44, 143.

7. McNee, J. W., The use of the van den Bergh test in
the differentiation of obstructive from other types
of jaundice. Brit. M. J., 1922, 1, 716. Discussion
on jaundice. Ibid, 1924, 2, 495.

8. Rich, A. R., The pathogenesis of the forms of
jaundice. Bull. Johns Hopkins Hosp., 1930, 47,
338.

9. Gray, C. H., and Whidborne, J., Further studies of
the van den Bergh reaction. Biochem. J., 1947, 41,
155.

10. Cantarow, A., The direct van den Bergh reaction in
mixtures of normal and jaundiced serum. Am. J.
Digest. Dis., 1944, 11, 144.

11. Snapper, I., and Bendien, W. M., On the physico-
chemical condition of the bilirubin in the blood
serum and urine. Acta med. Scandinav., 1938, 98,
77.

12. With, T. K., Die Ausscheidung des Bilirubins im

Harn und ihre Abhingigkeit vom Serumbilirubin.
Acta med. Scandinav., 1943, 114, 426.

13. With, T. K., The direct diazo reaction (Hyman's van
den Bergh) and its clinical significance investi-
gated by quantitative measurements. Acta med.
Scandinav., 1944, 119, 201.

14. Coolidge, T. B., Chemistry of the van den Bergh
reaction. J. Biol. Chem., 1940, 132, 119.

15. Ehrlich, P., Sulfodiazobenzol eine Reagens auf Bili-
rubin. Centralbl. f. klin. Med., 1883, 4, 721.

16. Eppinger, H., Die Pathogenese des Ikterus. Ver-
handl. der Deutsch. Gesell. f. inn. Med., 1922, 34,
15.

17. Gonzalez-Oddone, M. V., Bilirubin, bromsulfalein,
bile acids, alkaline phosphatase and cholesterol of
thoracic duct lymph in experimental regurgitation
jaundice. Proc. Soc. Exper. Biol. & Med., 1946,
63, 144.

18. Collinson, G. A., and Fowweather, F. S., Explanation
of the two forms of bilirubin demonstrated by the
van den Bergh reaction. Brit. M. J., 1926, 1,
1081.

19. Davies, D. T., and Dodds, E. C., A study of the
properties of pure bilirubin and its behaviour to-
wards the van den Bergh reagent. Brit. J. Exper.
Path., 1927, 8, 316.

20. Newman, C. E., Bilirubin and the van den Bergh
reaction. Brit. J. Exper. Path., 1928, 9, 112.

21. Roberts, W. M., Observations on the nature of the
van den Bergh reaction. Brit. J. Exper. Path.,
1928, 9, 107.

22. Heilmeyer, L., and Krebs, W., Spektrophotometrische
Untersuchungen des Ehrlich-Pr6scherschen Bili-
rubin-Azofarbstoffes und ihre praktische Anwen-
dung, besonders zur quantitativen Bestimmung des
Bilirubins im Blutserum. Biochem. Ztschr., 1930,
223, 352.

23. Levi-Crailsheim, P., Theoretische und experimentelle
Untersuchungen uber Bilirubin und Fibrinogen im
Blut. Ztschr. f. d. ges. exper. Med., 1923, 32, 468.

24. Young, L. E., Current concepts of jaundice, with
particular reference to hepatitis. New England
J. Med., 1947, 237, 225, 261.

25. Gregory, R. L., and Andersch, M., The filtrability of
bilirubin in obstructive jaundice. J. Lab. & Clin.
Med., 1937, 22, 1111.

26. Bennhold, H., tUber die Vehikelfunktion der Serumei-
weisskorper. Ergebn. d. inn. Med. u. Kinderh.,
1932, 42, 273.

27. Martin, N. H., Bilirubin-serum protein complexes.
Biochem. J., 1948, 42, xv. (Proc. Biochem. Soc.).

28. Gray, C. H., and Kekwick, R. A., Bilirubin-serum
protein complexes and the van den Bergh reaction.
Nature, 1948, 161, 274.

29. Adler, E., and Strauss, L., Beitrag zum Mechanismus
der Bilirubinreaktion im Blutserum. I-IV. Ztschr.
f. d. ges. exper. Med., 1924, 44, 1, 9, 26, 43.

30. Acel, D., and Goldgruber, G., tYber den Mechanismus
der Bilirubinreaktion. Ztschr. f. d. ges. exper.
Med., 1932, 84, 787.

675



GERALDKLATSKIN AND VICTOR A. DRILL

31. Lubarsch, O., Zur Enstehung der Gelbsucht. Berl.
klin. Wchnschr., 1921, 58, 757.

32. Kerppola, W., Ein kontrolliertes Verfahren zur
quantitativen Bestimmung des Bilirubins. Die
Diazofarbe und die Eigenfarbe des Serums als
Masstab des Bilirubins. Acta med. Scandinav.,
1936, 89, 387.

33. Hoover, C. F., and Blankenhorn, M. A., Dissociated
jaundice. Tr. A. Am. Physicians, 1916, 31, 243.

34. With, T. K., Bilirubin in urine and other secretions
apart from the bile and in the cerebrospinal and
eye liquors. Acta physiol. Scandinav., 1945, 10,
355.

35. Rissel, E., Zur Frage der Bilirubinausscheidung und
der Nierenfunktion beim Ikterus. Wien. klin.
Wchnschr., 1939, 52, 873.

36. Malloy, H. T., and Evelyn, K. A., The determination
of bilirubin with the photoelectric colorimeter.
J. Biol. Chem., 1937, 119, 481.

37. Watson, C. J., Personal communication.
38. Klatskin, G., Unpublished data.
39. Sparlanan, R., Studies of urobilinogen. A simple

and rapid method for quantitative determination
of urobilinogen in stool and in urine. Arch. Int.
Med., 1939, 63, 858.

40. Watson, C. J., and Hawkinson, V., Semiquantitative
estimation of bilirubin in the urine by means of the
barium-strip modification of Harrison's test. J.
Lab. & Clin. Med., 1946, 31, 914.

41. Sivo, R., and Forrai, E., Uber die Zersetzlichkeit von
Bilirubinl6sungen, zugleich ein Beitrag zum Bili-
rubinnachweis im Urin. Biochem. Ztschr., 1927,
189, 168.

42. Deenstra, H., The time of the diazo reaction in
laboratory and clinic. Acta med. Scandinav., 1948,
132, 109.

43. Gray, C. H., and Whidborne, J., Studies on the van
den Bergh reaction. Biochem. J., 1946, 40, 81.

44. Snider, H. F., and Reinhold, J. G., A new interpre-
tation of the van den Bergh reaction. Am. J. M.
Sc., 1930, 180, 248.

45. Stein, H. B., The van den Bergh reaction with par-
ticular reference to obstructive and hepato-cellular
jaundice. South African J. M. Sc., 1941, 6, 104.

46. Snell, A. M., Greene, C. H., and Rowntree, L. G.,
Diseases of the liver; a comparative study of cer-
tain tests for hepatic function in experimental ob-
structive jaundice. Arch. Int. Med., 1925, 36, 273.

47. Mayo, C., Jr., and Greene, C. H., Studies in the metab-
olism of bile; the role of the lymphatics in the
early stages of the development of obstructive
jaundice. Am. J. Physiol., 1929, 89, 280.

48. Barron, E. S. G., and Bumstead, J. H., The patho-
genesis of early obstructive jaundice. J. Exper.
Med., 1928, 47, 999.

49. McMaster, P. D., and Rous, P., The biliary obstruc-
tion required to produce jaundice. J. Exper. Med.,
1921, 33, 731.

50. Peremy, G., Acholurie bei ikterischen Kranken in-
folge von Niereninsuffizienz. Klin. Wchnschr.,
1932, 11, 950.

51. With, T. K., The pathogenesis and different forms
of jaundice. Acta med. Scandinav., 1947, 128, 25.

52. Watson, C. J., The bile pigments and porphyrins in
jaundice and liver disease. Tr. & Studies, College
of Physicians of Philadelphia, 1948, 16, 49.

53. Enachesco, M., Comanesco, V., and Zamfiresco, M.,
La bilirubine sanguine et urinaire au cours des ic-
terus. Retention et elimination suivant la na-
ture de l'ictere et l'etat fonctionnel du foie. Acta
med. Scandinav., 1946, 126, 205.

54. Harrop, G. A., Jr., and Barron, E. S. G., The excre-
tion of intravenously injected bilirubin as a test
of liver function. J. Clin. Invest., 1931, 9, 577.

55. Eilbott, W., Funktionspriifung der Leber mittels
Bilirubinbelastung. Ztschr. f. klin. Med., 1927,
106, 529.

56. Thompson, H. E., and Wyatt, B. L., Experimentally
induced jaundice (hyperbilirubinemia). Arch.
Int. Med., 1938, 61, 481.

57. Wespi, H., Experimentelle Untersuchungen uber die
Beeinflussung der Bilirubin-Ausscheidung im Urin
durch Gallensaure. Klin. Wchnschr., 1935, 14,
1820.

58. Adler, A., Vber Verhalten und Wirkung von Gallen-
saueren im Organismus. Ztschr. f. d. ges. exper.
Med., 1925, 46, 371.

676


