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The syndrome of chronic unconj ugated hyper-
bilirubinemia without overt signs of hemolysis in
adolescents and adults has been variously termed
cholemie simple familiale (Gilbert's disease) (1),
icterus intermittens juvenilis (2), hereditary non-
hemolytic bilirubinemia (3), familial nonhemolytic
jaundice (4), physiologic hyperbilirubinemia (5),
and constitutional hepatic dysfunction (6). These
terms neither adequately describe the pathophysi-
ology nor indicate the heterogeneity of cases with
chronic jaundice of this type.

The present report is a study of 23 adolescent
and adult patients with chronic unconjugated hy-
perbilirubinemia without overt signs of hemolysis,
and of their families. The object of the study was
to determine the pathogenesis of chronic jaundice
of this type.

The metabolism of bilirubin by the liver, re-
viewed elsewhere (7), involves three major proc-
esses: 1) the transfer of bilirubin from plasma into
the liver cell, 2) the intracellular formation of
bilirubin conjugates, and 3) the excretion of the
water-soluble bilirubin conjugates into the bile.
Very little is known about the mechanism and
regulation of the first and third of these processes.
The conjugation of bilirubin, primarily with glu-
curonic acid, but also with sulfate and other as yet
unidentified substances, converts bilirubin to more
water-soluble bilirubin conjugates (8-11). In
the formation of glucuronides, the transfer of glu-
curonic acid from uridilie diphosphate glucuronic
acid (UDPGA) to suitable receptors such as
bilirubin, phenols, acids, various steroids, and
alcohols is catalyzed by glucuronyl transferase, an
enzyme associated with the microsomal fraction of
homogenates of mammalian liver (12-16). Con-

* Work supported in part by U. S. Public Health
Service Research Grant A-2019.

t Senior Research Fellow, New York Heart Association
and Heart Fund, Inc.

jugation is required for the excretion of bilirubin
into the bile and urine (17, 18).

Chronic unconj ugated hyperbilirubinemia theo-
retically may result from one or more of the fol-
lowing mechanisms: 1) increased production of
bile pigment, 2) impaired transfer of unconju-
gated bilirubin from plasma into the liver cell, and
3) defective conversion of unconjugated bilirubin
to bilirubin glucuronide, the major bilirubin con-
jugate. Each of these aspects of bilirubin metabo-
lism was investigated in each of the 23 patients.

METHODS

Patients were selected for study upon the demonstra-
tion of chronic unconjugated hyperbilirubinemia in the
absence of anemia, reticulocytosis, bilirubinuria, and
hepatic or splenic enlargement. One hundred twenty-
three grandparents, parents, siblings, children, aunts,
uncles, and first cousins were also studied.

1) Serum bilirubin concentration was estimated by the
Malloy-Evelyn modification of the van den Bergh reac-
tion (19). In nine cases bile was obtained either by
duodenal intubation or by aspiration of the gall bladder
at surgery. After addition of diazotized sulphanilic acid
to serum and bile, concentrations of unconjugated and
conjugated dipyrrolazo pigments-pigments A and B, re-
spectively-were estimated (20). The proportion of pig-
ment B present as a glucuronide was calculated after es-
timation of the amount converted to pigment A by alka-
line or beta glucuronidase hydrolysis. Bilirubin was
identified in the urine by the Fouchet reaction.

2) Studies of the production of bile pigqment. a) He-
moglobin concentration, red blood cell count, hematocrit,
reticulocyte count, and erythrocyte sedimentation rate
were estimated in each patient by conventional tech-
niques, and the cellular morphology of the peripheral
blood and bone marrow was examined. Osmotic fragility
of erythrocytes was estimated in four cases, and a Coombs
test was performed in four. b) Erythrocyte survival
wvas studied in 21 patients by the Cr51-labeling technique
of Mollison and Veal (21). c) Quantitative 24-hour uri-
nary urobilinogen excretion was estimated in each pa-
tient by the method of Watson, Schwartz, Soborov, and
Bertie (22). d) Quantitative fecal urobilinogen excre-
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tion was estimated in 22 patients by the method of Wat-
son and colleagues (22) on 3-day stool collections.

3) Studies of the transport of unconjugated bilirubin
from plasma proteins into the liver cell. a) Serum ob-
tained from pregnant women and newborn infants in-
hibits the formation of bilirubin glucuronide by rat liver
slices more than it does that by rat liver homogenates
(23-25). Lathe and Walker (23) suggest that the in-
hibitor primarily affects the uptake of bilirubin by the
liver cells. Assay of serum inhibitor factor activity was
performed in each of the 23 cases by the method of Lathe
and Walker (23). b) The relative amounts of bilirubin
glucuronide and 4-methyl umbelliferone (4-methyl 7-hy-
droxycoumarin) glucuronide formed by liver slices and
homogenates from three patients and six control sub-
jects were estimated by techniques to be described in the
following section. Bilirubin and 4-methyl umbelliferone
were separately suspended in the patient's serum and in
pooled normal human serum, and incubated with UDPGA
and liver slices and homogenates.

4) Studies of glucuronide formation. a) In vivo
study of glucuronide formation was performed as follows.
After a 10-hour fast, 22 of the patients, 28 members of
their families, and 18 control subjects ingested 1 g of
menthol, and the percentage of administered menthol ex-
creted in the urine as menthol glucuronide during the
subsequent 5 hours was estimated (26). The test was
performed in each of the 22 patients on two separate
occasions.

b) In vitro assay of hepatic glucuronyl transferase ac-
tivity was performed with different glucuronide recep-
tors. When liver specimens were obtained at surgery,
their ability to form bilirubin and o-aminophenol glu-
curonides was quantified by methods described elsewhere
(15, 27). When liver specimens weighing approximately
10 to 45 mg were obtained with either the Vim-Silver-
man or Menghini needle, 4-methyl umbelliferone, which
is highly fluorescent, served as a glucuronide receptor.
All subsequent operations were performed at - 20C un-
less otherwise noted. The liver specimens were immedi-

TABLE I

Glucuronyl transferase activity in separate liver specimens
from control subjects*

Control
subject Units of glucuronyl transferase activity Mean

1 201 194 232 214 224 213
2 248 198 236 229 240 230
3 192 221 199 227 209
4 180 194 201 214 197
5 240 218 224 231 228
6 190 182 223 198
7 200 239 220 234 223
8 198 216 206 207
9 208 227 217

* Obtained at surgery, and incubated as described in the
text.

t Unit = activity of 1 mg protein nitrogen catalyzing
the formation of 1 mumole of 4-methyl umbelliferone
glucuronide.

ately placed in 0.25 to 1.0 ml of 0.25 M sucrose at pH
7.6 in a motor-driven Thomas homogenizer and rapidly
homogenized for approximately 30 seconds. The pro-
tein concentration was estimated by ultraviolet absorp-
tion (28) and the homogenates were diluted with buffered
0.25 M sucrose to yield a protein concentration of 20 to
50 mg per ml. The protein nitrogen content of the di-
luted homogenates was subsequently estimated by the
Kjeldahl procedure (29). Samples of homogenate con-
taining from 2 to 5 mg of protein were used in the as-
say because greater amounts of protein quenched the
fluorescence of 4-methyl umbelliferone. The samples
were incubated for 30 minutes at 370 C in air with shaking
at 92 cycles per minute with 0.5 MTris buffer at pH 7.8,
0.2 Amole UDPGA, 500 gmoles MgCl2, and 0.3 /hmole
4-methyl umbelliferone, in a total volume of 2.5 ml. The
incubation mixture was then shaken vigorously for 10
minutes with 15 ml of chloroform three times to denature
the protein and to extract unconjugated, but not conju-
gated, 4-methyl umbelliferone. The chloroform extracts
were discarded. Samples of 0.5 to 1.0 ml of the extracted
incubation mixture were then incubated in air at 370 C
with shaking at 92 cycles per minute with 0.35 M Tris
buffer at pH 7.0 and 75 U of bacterial beta glucuronidase
(Sigma lot no. 105-8) in a total volume of 2.5 ml for 90
minutes. Control flasks contained samples of the incuba-
tion mixture and were similarly incubated without the ad-
dition of beta glucuronidase. Five ml of 0.5 M glycine
buffer at pH 10.32 was then added to the control and test
flasks. The optimal pH for the fluorimetric estimation of
4-methyl umbelliferone is 10.32. Fluorescence was then
estimated at 460 my with an activating maximum of 375
m/t and compared with the fluorescence observed in the
control flasks. The increase in fluorescence after the ad-
dition of beta glucuronidase was considered to represent
the amount of 4-methyl umbelliferone formed in the origi-
nal incubation medium.

The identity of the nonfluorescent conjugate formed
was established by comparing its migration with that of
standard 4-methyl umbelliferone glucuronide on paper
chromatograms in several solvent systems: i) neutral
ammonium acetate: ethanol 1: 1, Rf umbelliferone 0.30,
umbelliferone glucuronide 0.90; ii) benzene: butanol:
pyridine: water 1: 5: 3: 3, Rf umbelliferone 0.80, umbel-
liferone glucuronide 0.29; and iii) ammonium sulfate:
ethanol: propionic acid 6: 5: 1, Rf umbelliferone 0.63, um-
belliferone glucuronide 0.10. Paper chromatograms were
sprayed with bacterial beta glucuronidase, 75 U per ml of
0.5 M Tris buffer at pH 7.0, and fluorescence was re-
stored after incubation at 370 C for 2 hours as 4-methyl
umbelliferone glucuronide was hydrolyzed on the paper.

From 85 to 100 per cent of 4-methyl umbelliferone was
recovered after incubation of 0.05 to 1.00 /AM 4-methyl
umbelliferone glucuronide in 0.35 mMTris buffer at pH
7.0 with 75 U of bacterial beta glucuronidase (Sigma lot
no. 105-8) in a total volume of 2.5 ml for 90 minutes at
370 C.

Glucuronyl transferase activity was assayed in dupli-
cate by this method in specimens of liver obtained by
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TABLE Ill

Serumji bilirubin concentrations in 23 adolescent and adult
cases with chronic unconjugated hyperbilirubinemia with-

out overt signs of hemolysis

Number
of esti-
mations

of serum Time
bilirubin span of
concen- estima-
trations tions

years
* *

22 4
15 6
28 5
11 4
13 3

8 4
15 4
6 2

21 3
9 4

11 3
9 2

12 1.5
11 2

6 1
19 4
12 3
14 4
6 4
8 3

16 4
11 4

Range in
serum bili-
rubin con-
centration

mg/100 ml
16.0-22.0

7.9-10.1
10.4-14.2
6.1- 8.4

12.2-15.6
7.4- 11.6
5.8-12.9
7.9-10.8
0.3- 2.3
1.2- 3.0
0.8- 4.6
0.6- 2.9
0.4- 4.0
0.4- 3.0
0.9- 3.5
3.1- 4.1
1.1- 3.6
1.9- 2.9
0.5- 2.6
1.2- 1.6
0.7- 2.6
1.1- 3.4
0.8- 2.8

Mean
estimate
of serum
bilirubin
concen-
tration

mg/100 ml
18.2

8.8
11.7

7.9
13.6

9.8
8.5
8.3
1.9
2.5
2.2
2.1
1.9
2.6
1.6
3.6
2.5
2.1
1.4
1.3
1.6
2.3
1.4

* Serum bilirubin concentration ranged fromn 16.0 to 22.0 after re-
eated estimations were made during a 20-year period (32).

aspiration biopsy from 22 of the patients and one non-

jaundiced family member. Assays were also performed
in specimens of liver obtained from 24 control subjects

at elective surgery for diseases not involving the liver or
l)iliary system. The mean glucuronyl transferase ac-
tivity was 221 + 41 (SD) units in the control group. A
unit has been arbitrarily defined as the activity of 1 img
of protein nitrogen catalyzing the formation of 1 m/Amole
of 4-methyl umbelliferone glucuronide.

To evaluate further the reproducibility of the method,
from two to five separate liver biopsies were obtained
by aspiration at surgery in nine of the control subjects.
Each specimen was separately homogenized, glucuronyl
transferase activity was assayed as described, and the
mean enzyme activity for each subj ect was determined
(Table I). Only three of the 34 estimations exceeded
a SD of 20 units for each individual, which is half the
SD observed in the control group.

5) Additional studies. a) Serum thymol turbidity,
cephalin cholesterol flocculation, prothrombin time, alka-
line phosphatase activity, glutamic-pyruvic transaminase
activity, glutamic-oxaloacetic transaminase activity, pro-
tein electrophoresis, and concentration of cholesterol, cho-
lesterol esters, albumin, glubulin, and iron were estimated
by standard methods. Bromsulphalein retention was esti-
mated 45 minutes after the intravenous administration of
5 mg bromsulphalein per kg of body weight. b) A biopsy
of liver was obtained either at surgery or by aspiration
in 22 of the patients and was stained with hematoxylin
and eosin. In seven cases, liver specimens obtained by
aspiration biopsy were subjected to the following staining
reactions (30): oil red orange, ATPase, acid phospha-
tase, alkaline phosphatase, lactic dehydrogenase, DPNH
cytochrome C reductase, and 5-nucleotidase. Liver bi-
opsy specimens from six cases were examined in the
electron microscope. c) An upper gastrointestinal roent-
genographic series and oral cholecystography or intra-

TABLE IV

Direct-reacting bilirubin and 4-methyl umbelliferone glucuronide formation by liver slices and homogenates
from normal subjects and from cases 18, 20, and 21, and incubated in pooled normal

serum and in the patient's serum

Tissue preparation:

Glucuronide receptor:

Source of added serum: I

Liver slices

Bilirubin* 4-Methyl umbelli-
feronet

Normal Normal
subject Patient subject Patient

Liver homogenates

Bilirubin

Normal
subject Patient

4-Methyl umbelli-
ferone

Normal
subject Patient

Source of liver:
Control subjects§

(number of subjects
in parenthesis)

Patients with chronic
unconjugated hyper-
bilirubinemiall

Case 18
Case 20
Case 21

4.4 -

6.4
(6)

137 -

190
(5)

5.8 -

7.9
(4)

158 -

267
(6)

5.4 5.8 159 164 6.0 6.2 156 166
4.9 5.4 195 180 4.8 6.1 140 249
5.8 7.1 143 161 6.2 7.0 209 228

* Method of Lathe and Walker (17); expressed as ,ug of direct-reacting bilirubin formed per 100 mg liver.
t Expressed in units; 1 unit = m/Amoles of 4-methyl umbelliferone glucuronide formed by 1 mg nitrogen.
t Protein concentrations in each specimen were comparable. A correction was made for bilirubin present in serum

from patients.
§ Obtained at surgery for diseases not involving the liver or upper abdomen.
11 Obtained at surgery for diagnostic exploration.
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Case

1 /M.S.
2/B.LI.
3/P. II.
4/N. 11.
5 /V.H-1.
6/H.J.
7 /R.J.
8/J.A.
9/R.B.
10/W.B.
11 ,/J.M.
12/S.B.
13/M.M.
14/P1.lK.
15/J .G.
16/G.L.
17 /R. II.
18/j. N.
1'/11.K.
20/R.M.
21/P.R.
22/R.T.
23 /R.R.
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venous cholangiography were performed in each patient,
with appropriate contrast media.

6) Family studies. A medical history was obtained
from each of the available 123 relatives of the 23 pa-
tients, and a physical examination was performed. A
complete blood count, serum cephalin cholesterol floccula-
tion, and estimation of the serum bilirubin concentration
were performed in each of the available relatives. In
selected subjects, the following studies were performed: i)
oral menthol tolerance test, ii) in vitro assay of hepatic
glucuronyl transferase activity with specimens of liver
obtained by aspiration biopsy and with 4-methyl umbel-
liferone as a glucuronide receptor, and iii) intravenous
bilirubin tolerance test by the procedure described by
WVith (31).

RESULTS AND DISCUSSION

In the following presentation, the cases are sub-
divided on the basis of demonstrable pathophysio-
logic abnormalities. The data are presented in
Tables II, III, and IV.

A. Patients with defective glhcuironide formation
(Cases 1-8)

1) Clinical observationis. Five of the eight cases

were female, ranging in age from 14 to 52 years

at the time of examination. Jaundice was first
noted in four cases within the first year of life,
and at age 2, 7, 10, and 30 years in the remaining
four cases. Jaundice of the skin, sclerae, and mu-

cous membranes was the only abnormal finding on

physical examination, with the exception of Case
1, who showed idiocy and neurologic disability re-

sulting from kernicterus (32). The other patients
complained of intermittent easy fatigability, but
were able to work or study, and, except for the
social difficulties imposed by chronic jaundice, led
a relatively normal life.

2) Serum bilirubin concentrations. The serum

total bilirubin concentrations at the time of study
ranged from 6.4 to 19.9 mg per cent. The con-

centration of bilirubin in the serum that gave the
direct van den Bergh reaction did not exceed 10
per cent of the total bilirubin concentration. A
small fraction of unconjugated biliruibin can react
with diazotized sulphanilic acid in the absence of
alcohol, probably owing to the presence of bile
acids, urea, albumin, and other substances in se-

rum that facilitate the solubility of unconjugated
biliruhin without the addition of alcohol (31).
After the addition of diazotized sulphanilic acid
to serum from each of the patients and after pa-

per chromatography of the resulting dipyrrolazo
pigments, only unconjugated dipyrrolazo pigment,
pigment A, was demonstrated. This observation
indicated that most if not all of the bilirubin in the
sera was in the unconjugated form. The pres-
ence of small amounts of conjugated bilirubin can-
not be excluded by this method.

The ranges observed in the serum bilirubin con-
centrations during periods of 3 to 20 years are pre-
sentedl in Table III. In most patients with non-
heniolYtic acholuric jaundice, the concentration of
uconjugated bilirubiin in the serum does not
chronically exceed approximately five mgper cent,
and hyperbilirubinemia is often intermittent (1-6,
33, 34). Adolescents and adults with chronic un-
conjugated hyperbilirubinemia of the degree mani-
fested by Cases 1 through 8 are rarely encountered
(3, 4, 35, 36). The comparatively large number
of such cases in this report results from efforts to
obtain patients with marked jaundice of this type
for study.

Several patients observed that exercise, fatigue,
and consumption of alcohol were associated with
an increase in clinical jaundice. A systematic ex-
amination of this observation was not made.
Cases 2 and 4 walked from 5 to 10 miles on a
treadmill in 1 to 2 hours and became considerably
fatigued. There was no significant difference in
the concentration of bilirubin in the serum obtained
immediately before, just after, and 24 and 48 hours
after exercise. Case 6 voluntarily ingested ten
ounces of whiskey; 24 hours later, the concentra-
tion of bilirubin in the serum was 12.1 mgper cent,
which represented an increase of 1.6 mg per cent
over control values.

Case 2 was observed during an episode of viral
pneumonia. The serum total bilirubin concentra-
tion was 8.7 mg per cent 1 week before the illness
and did not change by more than 1.0 mg per cent
in ten determinations performed during the course
of the acute illness.

3) Studies of the production of bile pigment.
Hematologic studies including erythrocyte sur-
vival and quantitative urinary urobilinogen excre-
tion were normal when they were performed.
Quantitative fecal urobilinogen excretion was re-
duced in Cases 2 through 7 to between 28 and 59
lufg per day and to within normal limits in Case 8.

v4) Assay of serum inhibitor factor activity. No
sera front patients inhibited the formation of di-
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rect-reacting bilirubin by rat liver slices more than
did sera from control subjects (23, 24).

5) Studies of glucuronide formation. Cases 2
through 8 excreted from 8.8 to 26.0 per cent of in-
gested menthol in the urine as menthol glucuro-
nide in the subsequent 5 hours, and 18 control sub-
jects excreted 39.8 + 7.2 per cent (SD) in a simi-
lar time. By t test (37), the difference between
the results obtained in each patient and the mean
in the control group is significant at the p < 0.001
level of confidence.

Hepatic glucuronyl transferase activity was sig-
nificantly reduced in Cases 1 through 8. In Cases
2 through 8, 4-methyl umbelliferone was used as
the glucuronide receptor, and hepatic glucuronyl
transferase activity ranged from 34 to 109 U as
compared with the mean estimate of 221 ± 41
(SD) U in the control group. In Cases 1 and 2,
hepatic glucuronyl transferase activity was esti-
mated in specimens of liver obtained at surgery
(15). Homogenates or microsomal preparations
of the patients' livers were unable to form glutcuro-
nides of bilirubin or o-aminophenol when incu-
bated with a boiled liver extract which possessed
UDPGAactivity, and these homogenates did not
inhibit glucuronide formation by those of normal
rat liver (15). In Case 2, hepatic glucuronyl
transferase activity was subsequently assayed with
4-methyl umbelliferone as the glucuronide receptor
in a liver specimen obtained by aspiration biopsy.
Glucuronyl transferase activity was 65 U, or less
than 30 per cent of the mean activity in the control
group.

The UDPGAcontents of boiled extracts of
liver specimens obtained from Cases 1 and 2 ap-
peared to be within normal limits (15).

Bile was obtained by aspiration of the gall
bladder at surgery in Case 1 and by duodenal in-
tubation in Cases 3, 6, and 7. After addition of
diazotized sulphanilic acid and then paper chro-
matography, pigment B was found to account for
65 to 85 per cent of the total dipyrrolazo pigments.
From 70 to 100 per cent of pigment B was con-
verted to pigment A after alkaline or beta glucu-
ronidase hydrolysis. These observations are
within the range of normal as observed in the
study of nine bile samples obtained by similar
methods from patients with no demonstrable liver
or bilary tract disease (38).

6) Additional studies. Results of liver function

tests were within normal limits. The histologic
appearance of hematoxylin and eosin-stained sec-
tions of liver was normal except for the presence
of bile pigment within Kupffer cells. Histochemi-
cal staining reactions performed on liver specimens
from Cases 2, 5, and 7 did not reveal any significant
abnormality. Electron microscopy of liver speci-
mens obtained by aspiration biopsy from Cases 3
and 7 revealed large areas of agranular endoplas-
mlic reticulum (39). Similar observations were
made in livers of homozygous Gunn rats (39).
The endoplasmic reticulum constitutes part of the
microsomal fraction obtained by ultracentrifuga-
tion of liver homogenates. Glucuronyl transferase
is associated with the microsomal fraction (12-
16). EIlucidation of the relationship, if any, be-
tween the miiorphologic alteration in a constituent
of the microsomal fraction and a defect in a

microsomal enzyme requires further study. Upper
gastrointestinal roentgenographic studies revealed
an active duodenal ulcer in Cases 4 and 7, and
were normal in the other six patients. Oral cho-
lecystography, or intravenous cholangiography, or
1)0th were normal in each patient.

7) Fain ily studies. Cases 2, 4, and 17 are sib-
lings, and 6 and 7 are first cousins. The paternal
grandfather of Cases 2, 4, and 17 had chronic
jaundice of approximately 40 years duration, but
no further data are available regarding this man,
who died in Italy at the age of 88. There was no
history of chronic jaundice in the other grand-
parents, parents, other siblings, children, aunts,
uncles, or other first cousins of the eight patients.

Five of the 14 parents, 13 of 24 siblings, 1 of 2
children, and 16 of 22 aunts and uncles were ex-
amined. A complete blood count, serum cephalin
cholesterol flocculation, serum bilirubin concentra-
tion, anid menthol tolerance tests were normal in
each of the family members except the father and
paternal uncle of Cases 2, 4, and 17.

As indicated in Figure 1, the anicteric father
and paternal uncle of Cases 2, 4, and 17 excreted
28 and 14 per cent, respectively, of ingested men-
thol in the urine as menthol glucuronide in the 5
hours after ingestion. Three hours after intrave-
nous administration of 2.0 mg bilirubin per kg of
body weight, serum bilirubin concentrations were
5.2 and 4.8 mgper cent, respectively, whereas con-
trol subjects and two siblings showed less than 1.5
mg per cent under similar circumstances (38).
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FIG. 1. STUDIES OF GLUCURONIDEFORMATION IN CASES
2, 4, AND 17, AND THEIR FAMILY.

In a liver specimen obtained by aspiration biopsy
from the father of Cases 2, 4, and 17, hepatic glu-
curonyl transferase activity was 84 U, or less than
40 per cent of the mean activity in the control
group.

Chronic unconjugated hyperbilirubinemia in
Cases 1 through 8 appears to result from a mecha-
nism similar to that demonstrated in homozygous
Gunn rats and infants with the Crigler-Najjar
syndrome (40-47). In these disorders, lifelong
unconj ugated hyperbilirubinemia results from re-

duced formation of bilirubin glucuronide due to
a deficiency in glucuronyl transferase activity (17,
44, 45, 48). There is no apparent compensatory
increase in the formation of nonglucuronide bili-
rubin conjugates. Because bilirubin must be con-

jugated to be excreted in the bile and urine, un-

conjugated bilirubin accumulates in the plasma
and tissues.

In Cases 1 through 8, a) bile pigment produc-
tion is not increased; in Cases 2 through 8, b)
urinary excretion of menthol glucuronide after in-
gestion of a test dose of menthol is significantly
reduced as compared with that in normal subjects
[Case 1 died before this test was performed (32) ];

c) hepatic glucuronyl transferase activity is re-

duced in homogenates or microsomal preparations
of the patients' livers after suitable incubation

with bilirubin, o-aminophenol, or 4-methyl umbel-
liferone as glucuronide receptors; d) no inhibitor
of glucuronide formation was demonstrable in the
liver homogenates in two cases; and e) the avail-
ability of UDPGAin specimens of liver from two
of the patients appeared normal as evaluated by
the ability of a boiled extract of the patients' livers
to stimulate glucuronide formation by rat liver
homogenates (15).

Cases 1 through 8 differ significantly, however,
from cases of the Crigler-Naj jar syndrome. Each
of the observed cases of the Crigler-Najjar syn-
drome developed jaundice within several hours
after birth and all but two died with kernicterus in
the first year of life (41-43). Serum bilirubin
concentrations ranged from 20 to 45 mg- per cent.
Specimens of bile obtained from the duodenum
were pale yellow, and contained only traces of un-
conjugated bilirubin (17). By way of contrast,
in Cases 1 through 8 of this study, jaundice was
first noted shortly after birth (four cases), during
the first decade of life (three cases), and at age
30 (one case). Serum unconjugated bilirubin
concentration ranged from 6.1 to 18.8 mgper cent.
Specimens of bile in four cases had normal color
and contained abundant amounts of bilirubin glu-
curonide, perhaps explicable on the basis of re-
duced, but not absent, hepatic glucuronyl trans-
ferase activity. Case 1, who had kernicterus and
(lied at age 42 (32), has been considered by others
as a case of the Crigler-Najjar syndrome who
survived to adult life (48). This is a possibility,
but the finding of bilirubin glucuronide in this
patient's bile contrasts with the absence of bilirubin
glucuronide described in the bile of infants with
this syndrome (17).

In the Crigler-Najjar syndrome, the deficiency
in glucuronide formation appears to be transmitted
by a single autosomal recessive gene (46). The
studies of the families of Cases 1, 3, and 5 through
8 were inadequate to permit speculation concern-
ing inheritance of the observed defect in glucuro-
nide formation. More adequate data are avail-
able in the family of Cases 2, 4, and 17-repre-
sented as III-1, 111-2, and III-4, respectively, in
Figure 1-and thus it is possible to speculate
about the mode of inheritance of the defect in this
family. An X-chromosome-linked, abnormal genec
can be excluded by the apparent transmission of
the defect from father, I-1, to his sons, 11-2 and
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II-3. Transmission of the defect by a single au-

tosomal recessive gene seems unlikely because of
the rarity of the disease and the absence of con-

sanguinity in the family, which make the proba-
bility very low that both parents of I-1 and the
mother of the propositus were heterozygous for
the abnormal gene. The most acceptable inter-
pretation seems to be that the observed defect is
transmitted as an autosomal dominant gene with
incomplete penetrance and varied expressivity.
Consequently, Cases 2, 4, and 17, as well as their
anicteric father and paternal uncle, are assumed
to be heterozygous for this gene, although the dis-
ease is fully expressed only in the daughters. In
other cases, mild hyperbilirubinemia may result
from defective glucuronide formation on the same

genetic basis. Alagille (49) has proposed a simi-
lar possibility after studying a family in which
three infants died with the Crigler-Najjar svn-

drome and one parent showed chronic utnconju-
gated hyperbilirubinemia in much milder form.
Additional data and studies of more families are

required for further analysis of the pattern of
genetic transmission of the observed defect and
of the relationship, if any, between the present
cases and the Crigler-Najjar syndrome.

The metabolic fate of much of the bile pigment
in Cases 1 through 8 is unknown. Despite defi-
cient conjugation of bilirubin with glucuronic
acid, reduced fecal urobilinogen excretion, and
normal erythrocyte life span, plasma concentra-
tion of unconjugated bilirubin (Table ITI), and
the degree of clinical icterus remained relatively
unchanged for many years.

Heterozygous Gunn rats (17) and the father
and paternal uncle of Cases 2, 4, and 17 do not
show hyperbilirubinemia; however, defective glu-
curonide formation has been demonstrated in vivo
and in vitro (17, 45). After intravenous ad-
ministration, unconjugated bilirubin disappears
from the plasma of heterozygous Gunn rats at a

significantly reduced rate as compared with that
of homozygous normal litter mates (50). The
father and paternal uncle of Cases 2, 4, and 17
showed similarly abnormal bilirubin tolerance
tests. In both of these states, the abnormal bili-
rubin tolerance tests are presumably related to a

reduced capacity to conjugate bilirubin before its
excretion in the bile. It is reasonable to suspect
that should any individual who is either heterozy-

gous or homozygous for this defect be subjected
to a disease process that results in increased pro-
duction of bile pigment, pronounced unconjugated
hyperbilirubinemia will occur.

B. Patients with compensated hemolytic states
(Cases 9-12)

1) Clinical observations. The four cases were
men from 18 to 68 years old; jaundice was first
noted at 12, 13, 26, and 60 years, and did not ex-
ceed 10 years' duration at the time of study. Each
case showed jaundice limited to the sclerae. Three
were asymptomatic. Case 12 periodically showed
signs of congestive heart failure, and died of car-
cinoma of the lung 9 months after these studies
were performed.

2) Serum bilirubin concentrations. These
ranged initially from 1.8 to 3.4 mg per cent. Af-
ter addition of diazotized sulphanilic acid to each
of the sera, only pigment A was identified on pa-
per chromatograms. Serum bilirubin concentra-
tions fluctuated for the group, from 0.3 to 4.6 mg
per cent. No clear relationship was observed be-
tween this fluctuation and coexistent illness.
Case 10 was observed during an episode of in-
fluenza; serum bilirubin concentration increased
from 2.1 to 4.1 mg per cent during the acute ill-
ness and returned to 2.7 mg per cent with re-
covery. Case 11 showed no significant change
in serum bilirubin concentration before, during
and after a severe viral pneumonia. Increased
signs of congestive heart failure were associated
with increased serum bilirubin concentrations in
Case 12.

3) Studies of the production of bile pigment.
Estimations of hemoglobin concentration, hemato-
crit, red blood cell count, reticulocyte count, and
erythrocyte osmotic fragility, and study of periph-
eral blood morphology performed at 4- to 6-week
intervals for 6 to 12 months in each patient were
consistently within normal limits. A Coomhs test
was normal in each patient. Specimens of bone
marrow obtained by aspiration in each patient on
two separate occasions were either normal or re-
vealed slight erythroid hyperplasia (M: E 2: 1)
on morphologic examination. The half-time for
the survival of the patients' erythrocytes after la-
beling with Cr5' ranged from 19 to 23 days.
Quantitative urinary urobilinogen excretion was
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normal. Quantitative fecal urobilinogen excre-
tion was increased in Case 10, and was in the
high normal range in the three other cases.

4) Other studies. The results of in vitro as-
say of serum inhibitor factor activity, in vivo and
in vitro studies of glucuronide formation, liver
function tests, and radiologic examinations were
normal. Histologic examinations of a liver speci-
men from biopsy in the light microscope were nor-
mal in each case, and an electron microscopic study
was normal in Case 10.

5) Family studies. There was no history of
chronic jaundice in the family members of any
case. Eight parents, 13 grandparents, and 15 of
15 siblings were examined. Complete blood count,
serum cephalin cholesterol flocculation, and bili-
rubin concentrations were normal in each.

Cases 9 through 12 have compensated hemolytic
states of undetermined etiology as shown by short-
ened erythrocyte survival despite normal hemo-
globin concentrations and reticulocyte counts.
Decreased erythrocyte survival has been demon-
strated in other patients with chronic unconju-
gated hyperbilirubinemia with normal hemoglobin
concentrations and reticulocyte counts and in the
absence of splenomegaly (51). Hemolysis oc-
curring in the presence of normal liver function
is only rarely associated with striking degrees of
jaundice, presumably owing to the functional re-
serve of the liver in bilirubin metabolism (7).
The normal liver theoretically ought to be able to
excrete bile pigment resulting from the modest
increase in erythrocyte destruction in these pa-
tients. Acquired but undemonstrated defects
either in bilirubin transfer from plasma into the
liver cells or in bilirubin conjugation are prob-
ably present in addition to increased erythrocyte
destruction.

C. Patients with posthepatitic unconjugated hy-
perbilirubinemia (Cases 13-16)

1) Clinical observations. Two cases were men.
The patients' ages ranged from 19 to 21 years.
At the time of study, each had had jaundice for 2
to 5 years.

None of the patients was known to have been
jaundiced before the onset of acute viral hepatitis.
The diagnosis of viral hepatitis was established by
clinical history, appropriate laboratory tests, and

morphologic study of liver biopsy specimens.
Cases 13 and 14 were medical students in whom
normal serum bilirubin concentrations were o0)-
served approximately 1 year before the onset of
hepatitis. Chronic hyperbilirubinemia persisted
in each patient after other signs and symptoms
of hepatitis had disappeared.

2) Serumt bilirubin concentrations. In these
four cases, serum bilirubin concentrations ranged
initially from 2.8 to 3.8 mg per cent. After ad-
dition of diazotized sulphanilic acid to each serum,
only pigment A was identified on paper chromato-
grams. From six to twelve estimations of serum
bilirubin concentrations were made in each pa-
tient during a 12-month period. Hyperbiliru-
binemia was intermittent, and concentrations in
the entire group ranged from 0.4 to 4.1 mg per
cent. Acute pyelonephritis in Case 16 was not
associated with a significant change in the serum
bilirubin concentrations before, during, and after
the infection.

3) Other studies. The results of studies of bile
pigment production, in vitro study of serum in-
hibitor factor activity, and in vivo and in vitro
studies of glucuronide formation were normal in
each case. The results of liver function tests were
normal except for a repeatedly observed 3 + serum
cephalin cholesterol flocculation in Cases 13 and
14 and bromsulphalein retention of 14 and 18 per
cent in Cases 14 and 15, respectively. Histologic
examination of liver biopsy specimens in the light
microscope was normal in Cases 16 and 17 and
revealed nondiagnostic abnormalities in Cases 14
and 15. The abnormalities noted were an in-
crease of fat in many liver cells and abundant
round-cell infiltration in some of the portal triads.
Histochemical studies of liver specimens obtained
by aspiration biopsy in Cases 14 and 16 were nor-
mal. Electron microscopic study of a liver speci-
men in Case 16 revealed no abnormality in cel-
lular ultrastructure.

4) Family studies. There was no history of
chronic jaundice in the family members of any
case. Eight parents, 6 grandparents, and 9 of 11
siblings were examined. Complete blood count,
serum cephalin cholesterol flocculation, and serum
bilirubin concentrations were normal in all, ex-
cept a 10-year-old brother of Case 14 in whom the
serum bilirubin concentration was repeatedly be-
tween 1.9 and 2.3 mg per cent. Cases 14 through
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16 are presumed to have developed chronic un-
conjugated hyperbilirubinemia after documented
episodes of viral hepatitis. Although a prolonged
elevation of serum bilirubin in the indirect-reacting
fraction has long been recognized as a consequence
of viral hepatitis (52-56), the mechanism by
which posthepatitic hyperbilirubinemia develops
remains unclear.

D. Patients with no etiologic factors or biochemical
changes to account for observed chronic uncon-
jugated hyperbilirubinemia (Cases 17-23)

1) Clinical observations. Five of the seven pa-
tients were men. The patients' ages ranged from
17 to 48 years. Jaundice was present for 2 to 27
years at the time of study. Intermittent jaundice
of the mucous membranes and sclerae was the only
abnormal finding on repeated physical examina-
tions. None of the cases gave a history suggestive
of acute hepatitis. Two cases were asymptomatic.
Cases 20 and 21 complained of chronic easy fa-
tigability, weakness, headache, and postprandial
nausea. Cases 22 and 23 were asymptomatic for
1 year after the onset of jaundice, when an errone-
ous diagnosis of chronic hepatitis was made in each
case. They were treated with bed rest for approxi-
mately 4 months, and subsequently complained of
chronic easy fatigability. It is my impression that
the symptoms in each of these cases result from
anxiety about the significance of chronic jaundice
rather than from organic disease.

2) Serum bilirubin concentrations. At the
time of study, these ranged from 0.7 to 2.0 mg per
cent. After addition of diazotized sulphanilic acid
to each serum and subsequent paper chromatog-
raphy, only pigment A was demonstrated. Table
III presents the ranges in the concentrations ob-
served over a 2-year period. Several 'cases de-
scribed an increase in jaundice associated with in-
gestion of alcohol or coexistent infection. Case
22 voluntarily ingested ten ounces of whiskey, and
the serum bilirubin concentration was 3.4 mg per
cent 24 hours later, or 1.5 mg per cent over con-
trol values.

3) Other studies. The results of studies of bile
pigment production, liver function tests, and his-
tologic examination of liver specimens by light
and electron microscopy were within normal lim-
its. The patients' serum was not more inhibitory

than normal serum to the formation of direct-
reacting bilirubin by rat liver slices. As indicated
in Table IV, the formation of direct-reacting bili-
rubin and 4-methyl umbelliferone glucuronide by
liver slices or homogenates from Cases 18, 19, and
20, when the glucuronide receptors were suspended
in normal human plasma or in the patients' plasma,
was not significantly different from the results of
similar studies with normal human liver.

Menthol tolerance tests were normal in each
case except Case 17, a sibling of Cases 2 and 4.
Case 17 excreted 25 and 27 per cent of ingested
menthol in the urine as menthol glucuronide on
two separate occasions. These results do not ex-
ceed two SD from the mean excretion observed
in the control group, and hence their significance
is uncertain. An attempt was made to clarify this
problem by administering twice the usual dose of
menthol to Case 17 and two normal subjects.
Each recipient complained of severe pyrosis, nau-
sea, diarrhea, back pain, and burning discomfort
in the rectum. In view of this demonstration of
toxicity, no further attempts were made to in-
crease the dosage of administered menthol.

Hepatic glucuronyl transferase activity was es-
timated in six of the patients with 4-methyl um-
belliferone as a glucuronide receptor, and was
within normal limits. The formation of direct-
reacting bilirubin and o-aminophenol glucuronide
was studied in homogenates of liver obtained at
surgery in Cases 18, 19, and 20, and did not dif-
fer significantly from similar studies in a control
group of subjects.

Bile was obtained either at surgery or by du-
odenal intubation in five patients and, after the
addition of diazotized sulphanilic acid and sub-
sequent paper chromatography, pigment B was
found to account for approximately 60 to 90 per
cent of the total dipyrrolazo pigments. Between
65 and 90 per cent of pigment B was converted to
pigment A after alkaline or beta glucuronidase
hydrolysis.

4) Family studies. Six of 28 grandparents, 10
of 14 parents, and 15 of 19 siblings were exam-
ined. Each showed a normal complete blood
count, serum cephalin cholesterol flocculation, and
serum bilirubin concentration, except for the father
of Case 19, the brother of Case 20, and a sister of
Case 22. These three showed chronic unconju-
gated hyperbilirubinemia ranging from 1.5 to 2.7
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ing per cent iii iiili1tiple determinations during a

6-month period.
In Cases 18 through 24, no etiologic factors or

biochemical changes were observed that could ac-

count for the chronic hyperbilirubinemia, which
was intermittent and with concentrations not ex-

ceeding 3.2 mg per cent. In vivo studies of glu-
curonide formation have been performed in pa-

tients with chronic unconjugated hyperbilirubine-
mia not exceeding 3.3 mg per cent with salicyla-
mide (34) and N-acetyl-p-aminophenol (33) as

glucuronide receptors. In neither study was a sig-
nificant difference observed between the results
obtained in jaundiced and control subjects. Both
groups of investigators concluded that the observed
chronic hyperbilirtubinemia did not result from a

defect in glucturonide formation, but may be re-

lated to abnormalities in the transport of bilirubin
from plasma into the liver cell (33, 34). In other
studies, however, after ingestion of menthol, pa-

tients with mild chronic unconjugated hyperbili-
rubinemia required a longer time than normal con-

trols to excrete menthol glucuronide in the urine,
although the total amount excreted during a

6-hour period was the same in both groups (57).
The delayed excretion of menthol glucuronide sug-

gests that some limitation in the rate of glucuro-
nide formation may be present in these patients.

Virtually nothing is known about the mechanism
by which bilirubin enters the liver cell. Sera of
the 23 patients in this report did not inhibit the
formation of direct-reacting bilirubin by rat liver
slices more than did normal sera (Table II). In
Cases 18, 19, and 21, glucuronide formation by
patients' liver slices and homogenates, when the
glucuronide receptors were suspended in normal
human serum or in the patients' serum, was not
significantly different from that in similar studies
with normal human liver (Table IV). Within the
limits of these experiments, the results fail to dem-
onstrate, but do not exclude, an impairment in the
transfer of the glucuronide receptors from serum

in the incubation medium into the liver cells.
Chronic unconjugated hyperbilirubinemia of the

degree seen in Cases 18 through 23 can result
theoretically from a deficiency in glucuronide for-
mation. For this reason, investigations involving
the administration of various glucuronide recep-

tors to patients with chronic jaundice are meaning-
ful only if it is established that saturation of the

conljugating mechanism has been obtained in nor-
mnal subjects. This requires administration of the
glucuronide receptor in increasing doses until ex-
cretion of the appropriate glucuronide is not in-
creased in the normal subjects. If, under these cir-
cumstances, patients with chronic jaundice ex-
crete less glucuronide than the normal subjects, a
defect in glucuronide formation may exist. Un-
fortunately, the toxicity of the test material may
limit this type of experiment; for example, the
increased dosage of menthol in this study resulted
in toxicity. An inability to demonstrate a differ-
ence between the jaundiced and control subjects
does not necessarily indicate that the glucuronide-
forming system is normal. The limiting factor in
the metabolism of the test substance may involve
its rates of absorption, distribution, storage, and
excretion, as well as the presence of several
routes of metabolism.

In view of the finding that heterozygous Gunn
rats, some adolescent and adult humans with
chronic unconjugated hyperbilirubinemia, and
nonjaundiced parents of children with the Crigler-
Najjar syndrome have defects in glucuronide for-
mnation, any glucuronide receptor used in the in
vivo study of glucuronide formation ought to be
capable of differentiating these groups of humans
and rats from appropriate controls.

SUMMARY

Clinical and hematologic studies, liver-function
and histologic examinations, in vitro studies of se-
rum inhibitor factor, and in vivo and in vitro stud-
ies of glucuronide formation were performed in 23
patients with chronic unconjugated hyperbiliru-
binemia without gross evidence of liver cell dys-
function or increased erythrocyte hemolysis. One
hundred twenty-three of their family members
were examined.

A deficiency in glucuronide formation activity
was demonstrated in vivo and in vitro in an
anicteric father of two chronically jaundiced
children with a demonstrable defect in hepatic
glucuronyl transferase activity. An anicteric pa-
ternal uncle demonstrated abnormal menthol and
bilirubin tolerance tests. In this family, this de-
fect appears to be transmitted as an autosomal
dominant gene with incomplete penetrance and
varied expressivity.
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Four patients had compensated hemolytic states
that were not apparent until Cr5' erythrocyte sur-
vival studies were performed. Four patients had
posthepatitic hyperbilirubinemia. In seven pa-
tients, no etiologic classification could be made.

Patients with chronic unconjugated hyperbili-
rubinemia without overt signs of hemolysis ought
to be studied intensively and not relegated to a
descriptive category until every method has been
exhausted to determine the etiology of the jaun-
dice. The terms "constitutional hepatic dysfunc-
tion," "physiologic hyperbilirubinemia," "Gilbert's
disease," and so on, are best avoided, and when
possible, the cases referred to in pathophysiologic
terms.
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