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Biliary Electrolytes and Enzymes in Patients 
with and Without Gallstones 

KANG-JEY HO, MD, PhD 

pH, osmolarity, various electrolytes, nine enzymes, and bite acid were determined in hepatic 
and gallbladder biles from 108 and 100 patients, respectively, relating to various types of 
gallstones. The pH, osmolarity, and electrolytes were essentially identical in all groups of 
patients except for slightly higher Ca and Mg in the hepatic bile in patients with muddy 
pigment stones. The gallbladder bile contained much higher inorganic cations yet remained 
isosmotic as a result of their sequestration into bile acid micelles. Excluding extremely high 
values, the activities of nine enzymes in the bile showed only minor differences among four 
groups of patients except for a high/3-glucuronidase activity in the hepatic bile in patients 
with muddy pigment stones. The biliary baseline activities of various enzymes and the relation 
to their serum levels were determined by their sources and subcellular localization in the 
hepatocytes. We concluded that biliary electrolytes and enzymes were basically similar in 
patients with and without gallstones except for higher levels of Ca, Mg, and/3-glucuronidase 
in hepatic bile in patients with muddy pigment stones. 
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transaminase; lactate dehydrogenase; leucine aminopeptidase; alkaline phosphatase; creatine phosphokinase;/3-glu- 
curonidase; cholelithiasis. 

Water and electrolytes diffuse from the hepatocytes 
to the bile canaliculi when the bile acids are secreted. 
This component of the bile is referred to as the bile 
acid-dependent fraction (1-3). Some water and elec- 
trolytes are also secreted into the canaliculi in asso- 
ciation with the active transport of nonbile acid or- 
ganic anions. This portion of the bile is known as the 
bile acid-independent fraction (3-5). The canalicular 
bile must be further modified by the lining epithelial 
cells of the bile ductules and ducts before reaching 
the common bile duct (6). The hepatic bile is then 
concentrated and modified during storage in the gall- 
bladder (7). The first goal of the present study is to 
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measure and compare the osmolality and the contents 
of various electrolytes in the hepatic bile and the 
gallbladder bile for understanding of such modifica- 
tion in normal and disease (cholelithiasis) states. 

The protein concentration in human bile varies 
greatly: 2 to 530 mg per 100 ml for the hepatic bile 
and up to 550 mg/100 ml for the gallbladder bile (8). 
The bile proteins are very much heterogeneous with 
serum albumin as the major component. Enzymes 
derived from hepatocytes are also an important 
source of biliary protein (9). The second goal of this 
study is to determine the activities of nine represen- 
tative enzymes derived from various subcellular loca- 
tions of the hepatocytes and from extrahepatic source 
in the hepatic and gallbladder biles in patients with no 
gallstones and in those with various types of gall- 
stones. The mechanisms for the presence of such 
various enzymes in the bile and their possible role in 
the gallstone formations are discussed. 
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Bile Sampling. Gallbladder biles were obtained from 100 
patients admitted to National Taiwan University Hospital, 
Taipei, during 1992-1993 period. Twenty of these patients 
had no gallstones, 35 had high-residue black pigment 
stones, 15 low-residue brown pigment stones, and 30 mixed 
stones. The methods for chemical analysis of the stones and 
their classification according to the chemical constituents 
are reported separately (10). Those patients with no gall- 
stones underwent laparotomy for reasons other than biliary 
tract disease and were free of obvious liver disease as 
judged by the liver function tests and direct observation of 
the liver at surgery. The bile was aspirated directly from the 
gallbladder using an 18-gauge needle attached to a syringe 
during abdominal surgery. The puncture wound was closed 
by subserosal sutures. For the patients with stones, the bile 
was obtained by the same technique as soon as the gallblad- 
der was removed from the body. Informed consent was 
obtained from all patients. The study protocol conformed to 
the ethical guidelines of the Declaration of Helsinki and 
was approved by the institution's human study committee. 

Bile samples were also collected from the common bile 
duct from 108 patients by two methods. In 28 patients with 
indwelling common duct T-tube the bile was collected di- 
rectly from the T-tube to the collecting container after 
complete re-establishment of the enterohepatic circulation. 
In the remaining 80 patients the bile was collected through 
a nasobiliary catheter. Among these patients 20 did not 
have gallstones, 32 had high-residue black pigment stones, 
another 32 had either low-residue brown pigment stones or 
muddy pigment stones, and 24 had mixed stones. 

Analysis of the Bile. As soon as the bile specimens were 
received in the lab the pH and osmolality were determined 
by a pH meter and an osmometer, respectively (the pH 
did not change over a period of 3 hr when the containers 
were tightly capped), and then appropriate dilutions with 
demineralized distilled water were made. For the hepatic 
bile I-, 2-, and 4-fold dilutions were made. The usual 
dilutions for the gallbladder bile were 5-, 10-, and 20-fold. 
The samples were then analyzed by a Hitachi 747 chemical 
autoanalyzer for electrolytes and various enzymes. Sodium, 
potassium, and chloride were measured by means of ortho- 

cresolphthalein comptexone of Connerty and Briggs (11), 
inorganic phosphorus by the reaction with acidic ammo- 
nium molybdate (12), and magnesium by the reaction with 
calmagite to form a reddish violet chromophore (13). The 
following enzymes were measured by the same Hitachi 747 
chemical autoanalyzer: aspartate transaminase (AST or 
glutamic-oxaloacetic transaminase; EC 2.6.1.1) (14), ala- 
nine transaminase (ALT or glutamic-pyruvic transaminase; 
EC 2.6.1.2) (14), 3,-glutamyl transaminase (GGT; EC 
2.3.2.1) (15), lactate dehydrogenase (LDH; EC 1.1.1.27) 
(15), leucine amino peptidase (LAP; EC 3.4.1.1 or naphth- 
ylamidase) (14, 15), alkaline phosphatase (ALP; EC 3.1.3.1) 
(16), creatinine phosphokinase (CPK or CK; EC 2.7.3.2) 
(14, 15), and amylase (EC 3.2.1.1) (17). In addition, the 
maximal velocity of /3-glucuronidase of both human and 
bacterial origins devoid of intrinsic interference by bilirubin 
and bile acid were determined by the method developed 
previously by us (18, 19). Bile acid was measured by the 
enzyme method of Talalay with 3-a-hydroxysteroid NAD 
oxidoreductase (20) after 5- to 10-fold dilution of the he- 
patic bile or 20- to 100-fold dilution of the gallbladder bile 
with methanol. 

Statistical Analysis. Duncan's multiple-range test (21) 
was used for comparison of parameters in more than two 
groups of subjects. 

RESULTS 

pH, Osmolality, and Electrolytes. The pH of he- 
patic bile was around 7.4 in all four groups of  patients 
regardless of presence or absence of gallstones and 
the kinds of  stones (Table 1). The pH decreased to 
about  7.0 in the gallbladder bile in all four groups 
(Table 2). The osmolality of  the gallbladder bile was 
identical to that of  the common duct bile. In fact the 
osmolality was essentially identical in all groups of 
patients (Tables 1 and 2). Among  the electrolytes 
measured chloride was also identical in both hepatic 
bile and gallbladder bile in all four groups. The other  
electrolytes became more concentrated in the gall- 

TABLE 1. BILE ACID, pH, OSMOLALITY, AND ELECTROLYTES OF THE HEPATIC BILE IN FOUR GROUPS OF 
PATIENTS 

With ]bnncd black With muddy With mL~ed 
Common duct Without stones pigment stones pigment stones stones 

bite (n = 20) (n = 32) (n = 32) (n = 24) 

Bite acid* 16.0 -+ 10.2t A:~ 14.4 - 13.8 A 20.7 ± 16.0 A 13.8 - 1 t.6 A 
pH 7.40 +__ 0.41 A 7.38 +- 0.36 A 7.52 - 0.42 A 7.48 +- 0.39 A 
Osmolality 285 ± 8 A 290 -+ 12 A 284 ± 9 A 289 - 14 A 
CI 1 0 7 ±  I l A  118-+ 16A 110±  12A 110±  I 0 A  
Na 169 - 1 8 A  157 ± 17A 163 ± 16A 157 __. 13 A 
K 5 . 4 2  1 .6A 5.2 ± 0 . 9 A  4 . 9 2  1 . I A  5.1 ± 0 . 9 A  
Ca 1.8 ± 0.4 B 1.6 -+ 0.4 B 2.1 --- 0.5 A 1.6 ± 0.3 B 
Mg 0.36 ± 0.30 B 0.34 ± 0.36 B 0.58 ± 0.36 A 0.27 ± 0.41 B 
P 4 . 0 ± 2 . 7 A  2 . 7 ±  1 .6A 3 . 5 ±  1.5A 3 . 3 ±  1.8A 

* Uni ts  for bile acid, txmol/L; osmolality, mOsm/L  of water; and all electrolytes, mmol/L. 
t Mean ± SD. 
.1: Grouping by Duncan  multiple-range test at 1% significant level. 
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TABLE 2. BILE ACID, pH, OSMOLALITY, AND ELECTROLYTE CONTENTS OF THE 
GALLBLADDER BILE IN FOUR GROUPS OF PATIENTS 

With With 
high-residue low-residue 

black pigment brown pigment With mixed 
Gallbladder Without stones stones stones stones 

bile (n = 20) (n = 35) (n = 15) (n = 22) 

Bile acid* 202 - 70t  AS 1 1 9 _ 9 0 B  9 1 _ + 6 6 B  1 0 9 _  8 0 B  
pH 6.96 _ 0.35 A 6.90 ___ 0.32 A 7.05 +-- 0.40 A 7.10 +_ 0.39 A 
Osmolality 282 _ 9 A 288 _+ 15 A 280 _+ i4 A 286 +- 12 A 
C1 110-+ 2 9 A  108 -+ 3 6 A  113+_62A 118_+39A 
Na 2 1 6 _ 4 2 A  220 +- 5 1 A  1 9 9 -  5 6 A  218 -+ 5 0 A  
K 1 0 _ 4 A  l l _ + 6 A  1 0 _ 4 A  11 + - 3 A  
Ca 6.8 +_- 4.4 A 7.8 -+ 6.2 A 6.2 _+ 5.0 A 7.2 _+ 4.3 A 
Mg 3.2 -+ 2.2 A 4.1 _+2.4A 2.9 - 2.6 A 4.0 - 2.7 A 
P 1 0 _ + 5 A  11 _ 6 A  1 2 _ 9 A  9 _ + 4 A  

* Units  for bile acid, t~mol/L; osmolality, mOsm/L;  and 
t Mean -+ SD. 
$ Grouping by Duncan multiple-range 

all electrolytes, m m o l / L  

test at 1% significant level. 

bladder bile than in the hepatic bile. On average there 
were 1.3-, 2.1-, 3.2-, 4.1-, and 10.2-fold increases for 
sodium, potassium, phosphorus, calcium, and magne- 
sium, respectively (Table 3). The concentrations of 
various electrolytes in the gallbladder bile showed no 
different among the four groups of patients with no 
stone or with various types of gallstones (Table 2). 
The hepatic bile in patients with muddy pigment 
stones had a slightly but significantly higher concen- 
tration of calcium and magnesium than the other 
three groups (Table 1). 

Enzymes. Unlike electrolytes, the protein concen- 
tration including all the enzymes in the bile varied 
greatly depending upon the concentration state of the 
bile. Therefore, in addition to the absolute activity 
per unit volume of the bile (U/L), the enzyme activity 
was also "normalized" by the bile acid concentration, 
expressed as activity per micro-mole of bile acid (U/ 
/~mol). Furthermore, extreme values of enzyme activ- 
ity, often 10-, 100-, and even 1000-fold of the normal, 
could be occasionally observed. Such obviously ex- 

TABLE 3. THE RATIO OF BILE ACID, OSMOLALITY, AND 
ELECTROLYTES IN THE GALLBLADDER BILE TO THAT IN THE 

HEPATIC BILE 

[Gallbladder bile] 
[Hepatic bile] 

Bile acid 8.3 (4.4-12.6)* 
Osmolality 0.99 (0.98-0.99) 
C1 1.01 (0.92-1.07) 
Na 1.32 (1.22-1.40) 
K 2.09 (1.92-2.20) 
Ca 4.11 (2.95-4.90) 
Mg 10.2 (5.0-14.8) 
P 3.25 (2.55-4.22) 

* Mean (range). 
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treme values were excluded when the mean was com- 
puted for the group. The number of bile samples 
excluded and the highest values for each enzyme are 
shown in Table 4. After exclusion of those extreme 
values the enzyme activities in all four groups with or 
without normalization for bile acid concentration 
were quite similar to each other. Therefore, instead of 
meticulously presenting all the data, only those values 
of the control group are shown in Table 5. The few 
exceptions included a lower AST and a higher amy- 
lase activity found in the hepatic bile from patients 
with muddy pigment stones and from those with 
mixed stones, respectively. The activity of/3-glucuron- 
idase in the gallbladder bile was higher in the control 
than in the other three groups. However, such differ- 
ence disappeared after normalization with bile acid 
concentration (Figure 1)./3-Glucuronidase activity in 
the hepatic bile was higher in the muddy pigment 
stone group than in others. After normalization it 
remained highest in the muddy pigment stone group. 
The activity in formed pigment stone and mixed stone 
groups was statistically significantly higher than in the 
control group (Figure 1). The ratios of the enzyme 
activity in the gallbladder bile to that in the hepatic 
bile are shown in Table 6. 

DISCUSSION 

Both bile acid and a number of non-bile acid or- 
ganic anions are secreted into bile canaliculus primar- 
ily by various ATP-dependent active transport sys- 
tems but also by a membrane potential-dependent 
mechanism (5, 22-26). Their secretion is accompa- 
nied by passive diffuse of water and inorganic ions 
(1-5, 24). Under the influence of secretin the lining 
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TABLE 4. NUMBER OF PATIENTS WITH EXCESSIVE HIGH VALUES OF ENZYME ACTIVITY EXCLUDED FROM 
COMPUTATION OF THE MEAN OF EACH GROUP AND THE HIGIIEST VALUE OF EACH ENZYME 

HO 

Hepatic bile Gallbladder bile 

Enzyme No. of Highest value No. of 
in the patients with patients with 
bile high vah~es U/p~zol BA U/L bile high values 

Highest vahte 

U/wnol BA U/L bile 

AST 2 60 1,048 2 132 1,205 
ALT 3 46 104 1 30 2,430 
GGT 6 470 1,824 13 570 2,000 
LDH 6 1,526 1,740 14 750 6,855 
LAP 1 392 3,275 2 145 460 
ALP 13 1,300 10,849 11 146 17,450 
CPK 4 182 207 10 187 15,370 
Amylase 18 23,760 60,827 8 25 80 
/3-Glu 0 - -  - -  0 - -  - -  

epithelial cells of the biliary tract also secrete bicar- 
bonate and water (7). The bile collected from the 
common duct T-tube or nasobiliary catheter in this 
study was the hepatic bile with above modification. 
The pH, osmolality, and various electrolytes were 
essentially identical in the hepatic biles in patients 
with various types of stones or without stones except 
for a slightly higher calcium and magnesium in the 
muddy pigment stone group (Table 1). Calcium plays 
an important role in the formation of gallstones, 
particularly pigment gallstones (27-29). Calcium in 
the bile exists as either free Ca 2÷ ions or as bound/ 
complexed calcium. The major calcium binding li- 
gands include premicellar and micellar bile salts, bil- 
irubin, and mucin (27-29). It has been shown that due 
to its high pH canine ductular bile, but not gallblad- 
der bile, is supersaturated with calcium carbonate 
(30). Although we did not determine Ca 2÷ ions in the 
bile, the high total calcium in the hepatic bile of 
patients with muddy pigment stones suggests that the 
bile must be extremely supersaturated with calcium 

carbonate and might contribute to the formation of 
such stones often located intrahepatically (10). The 
calcium concentration of the gallbladder bile in aver- 
age as four times higher than that in the hepatic bile 
(Table 3) and was essentially identical among the four 
groups of patients (Table 2). Such an increase in 
calcium concentration in the gallbladder bile is due to 
(a) concentration of bile acids that allows more Ca 2÷ 
to be bound to bile acid micelles (31), (b) absorption 
and neutralization of HCO 3- by H ÷ that lowers the 
pH from 7.4 to 7.0 and prevents precipitation of 
CaCO 3 (3, 32, 33), and (c) a Gibbs-Donnan effect 
induced by impermeable, negatively charged bile acid 
molecules that determines the free Ca 2÷ in the bile 
(31, 34). This is consistent with the fact that muddy 
pigment stones rarely occur in the gallbladder (10). 

As compared with the hepatic bile, osmolality and 
chloride were unchanged and all inorganic cations 
were increased to various degrees in the gallbladder 
bile (Table 3). In average, bile acids were concen- 
trated about 8-fold in the gallbladder, all electrolytes 

TABLE 5. ACTIVrI5" OF VARIOUS ENZYMES IN HEPATIC AND GALLBLADDER BILES IN 
THE CONTROL GROUP WITHOUT STONES 

Hepatic bile Gallbladder bile 

Enzyme U/L U/mmol BA U/L U/mmol BA 

AST 38 -+ 36* 3.4 ± 2.56 1012 -- 806 17 + 18 
ALT 3.8 +- 4.9 0.35 ± 0.61 98 ± 79 2.1 + 2.3 
GGT 382 -- 298 34 ± 30 1511 --- 1206 15 -+ 7 
LDH 53 --- 48 3.8 ± 2.6 1400 - 1322 18 ÷ 99 
LAP 173 --- 167 15 --- 13 782 - 690 9.2 +_ 4.9 
ALP 317 _-. 330 32 --- 29 822 --- 750 6.4 ± 3.1 
CPK 8.6 ± 6.9 1.1 ± 1.5 404 ± 320 3.8 -+ 4.2 
Amylase 4.0 +-_ 8.9 0.34 ± 0.76 0.8 ± 1.2 0.08 ± 0.10 

(1827 ± 2547)t (144 ± 233) (11 ± 56) (0.08 ± 0.10) 
/3-Glu 2.8 ± 2.5 180 +_ 110 92 ± 63 422 -+ 319 

* Mean -- SD. 
t Mean -- SD without exclusion of extreme values. 
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except magnesium, were concentrated to a lesser de- 
gree than the bile acids. The total electrolyte concen- 
tration in the gallbladder bile was higher than that in 
the hepatic bile, yet the gallbladder bile remained 
isosmotic to the hepatic bile, and thus also to the 
plasma. Some of the electrolytes must be sequestered 
in the bile and became osmotically inactive. The bile 
salts, cholesterol, and phospholipids form virtually 
osmotically inactive micelles in the bile (35). Since 
bile salts are anions, the inorganic cations, particu- 
larly calcium and magnesium, can be bound within 
the micelles and become osmotically inactive (36, 37). 
This might also explain the excess of inorganic cations 
over inorganic anions in the gallbladder bile. 

As a consequence of biliary obstruction, particu- 
larly by gallstones, and subsequent hepatoceUular 
damage, some of these enzymes could increase even 
to an extremely high level in the bile as show in Table 
4. After exclusion of such extreme values, the enzyme 

UIL U/P.mol bile acid 

Fig 1. Endogenous ¢l-glucuronidase activity in hepatic and gallblad- 
der biles with or without normalization with bile acid concentration 
in the control and the patients with various types of gallstones. A, 
B, C: grouping by Duncan multiple-range test at 1% significance 
level. 

TABLE 6. THE RATIO OF ENZYME ACTIVITY IN THE GALLBLADDER 
BILE TO THAT IN THE HEPATIC BILE AFFER NORMALIZATION 

WITH BILE ACID CONCENTRATION 

Gallbladder bile activity 
Hepatic bile activity 

AST 6.0 (3.3-11.9)* 
ALT 5.9 (4.9-6.6) 
GGT 0.37 (0.32-0.45) 
LDH 3.3 (1.9--4.9) 
LAP 0.60 (0.38-1,01) 
ALP 0.26 (0.20-0.28) 
CPK 5.1 (3.5-7,2) 
Amylase 0.10 (0.01-0.23) 
/3-Glu 1.28 (0.57-2.34) 

* Mean (range). 

activities showed only minor variation among the four 
groups of patients which might represent their basal 
or normal ranges (Table 5). Despite that the serum 
enzymes are derived from multiple sources, a com- 
parison of their levels with that in the hepatic bile 
yields some important information. The low CPK in 
the bile as compared with the serum level indicates 
that CPK and most likely other serum enzymes too 
are normally not excreted directly from circulation to 
the bile. The fact that CPK could not be detected in 
20% (22 of 108) of hepatic biles suggests that any 
presence of CPK in the bile represents an abnormal 
leakage from sinusoid through the paracellular space 
to the bile canaliculus. Amylase is another example. 
Forty percent (43 of 108) of the hepatic biles exhib- 
ited no detectable activity of amylase. When present 
in the bile the amylase activity was much higher than 
in the serum. Eighteen samples had extremely high 
values. The amylase in the hepatic bile is therefore 
mostly derived from the pancreas secondary to the 
obstruction of the orifice of the common channel and 
not from the circulation. In most instances, the ob- 
struction was secondary to stone impaction. Appar- 
ently amylase rarely backflowed and entered the gall- 
bladder because the activity in the gallbladder 
remained low despite extremely high activity in the 
common duct (Table 5). ALP, GGT, and LAP were 
present in much higher concentrations in the hepatic 
bile than in the serum. ALP and GGT are bound to 
both the sinusoidal and the canalicular membrane, 
whereas LAP bound only to the canalicular mem- 
brane (38-43). Their high concentrations in the bile 
canalicular membrane are linked to their high activ- 
ities in the bile. AST exists in many organs which all 
contribute to the serum level, whereas ALT is found 
primarily in the cytosal and mitochondria in the liver 
and kidney (44-47). The fact that the AST level in 
the hepatic bile tended to be higher than in the 
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serum, whereas the ALT level tended to be lower 
suggests that relatively more AST than ALT is ex- 
creted into the bile canaliculus. LDH, another high 
molecular weight enzyme (MW 135,000), is distrib- 
uted throughout but contained within the cytoplasm 
(44). Its serum level, contributed by many organs, is 
much higher than the level in the hepatic bile. Re- 
lease of LDH to the plasma and bile is usually con- 
sidered to reflect an increase in permeability of the 
plasma membrane to large molecules. 

/3-Glucuronidase, a lysosomal enzyme, is secreted 
from the hepatocyte into bile canaliculus by exocyto- 
sis of lysosome-derived vesicles (48-50). The lining 
epithelia of the biliary tract including gallbladder also 
contain lysosomes and are another possible source of 
biliary/3-glucuronidase (51, 52). However, while the 
bile acids were, on average, concentrated 8-fold in the 
gallbladder, the /3-glucuronidase activity in the gall- 
bladder bile was only 1.28-fold that in the hepatic bile 
(Table 6). The high content of bile acids and bilirubin 
in the gallbladder bile should not affect the enzyme 
activity determination since they were removed be- 
fore enzyme kinetic study (19). Furthermore, D-glu- 
caro-l,4-1actone, a specific/3-glucuronidase inhibitor, 
is virtually absent from the bile due to the high pH of 
the bile (53). Therefore, the main source of/3-glucu- 
ronidase in the bile was the hepatocytes while the 
gallbladder contributed only to a small fraction of the 
total enzyme activity. The hepatic bile from the pa- 
tients with intrahepatic and/or extrahepatic muddy 
pigment stones had the highest endogenous/3-glucu- 
ronidase content in addition to bacterial enzyme (Fig- 
ure 1). The excessive enzyme could come from in- 
jured hepatocytes and/or biliary mucosal cells and 
inflammatory cells. A detailed histological study with 
ultrastructural immunolabeling for /3-glucuronidase 
should be able to distinguish the types of cells in- 
volved. A similar process but to a lesser degree might 
also be present in the formed pigment stone and the 
mixed stone groups because they had a higher/3-glu- 
curonidase activity in the hepatic bile than the control 
(Figure 1). Bacterial/3-glucuronidase was detected in 
0, 3, 53, and 12% of the hepatic biles from the control, 
formed pigment, muddy pigment, and mixed stone 
groups, respectively. The high detectability of bacte- 
rial enzyme in the muddy pigment stone group indi- 
cates that biliary tract infection with/3-glucuronidase 
producing bacteria initiates the disease process with 
the human /3-glucuronidase as the secondary re- 
sponder. 

When the enzyme activity was corrected for the bile 
acid content AST, ALT, and CPK were 5- to 6-fold 

HO 

concentrated in the gallbladder, and LDH 3-fold, but 
GGT, LAP, and ALP only 0.2- to 0.6-fold (Table 6). 
Since we determined the activity of the enzyme in- 
stead of its mass, the enzyme activity can be affected 
by many factors. The lost activity of GGT, LAP, and 
ALP might be the result of inactivation of these 
enzymes by denaturation of the enzyme, the presence 
of specific or nonspecific inhibitors, or interference 
with the assay procedure. 

In summary, since the biliary electrolytes and en- 
zymes were basically identical in patients with and 
without gallstones, it was unlikely that they played 
significant roles in the gallstone formation. The only 
exceptions were higher levels of calcium and magne- 
sium and higher activity of /3-glucuronidase in the 
hepatic bile in patients with muddy pigment stones. 
The high activity of/3-glucuronidase might facilitate 
the hydrolysis of conjugated bilirubin and high con- 
tent of calcium would favor the formation of calcium 
bilirubinate and its subsequent polymerization and 
precipitation. In fact, over 50% of such biles also 
contained a significant amount of bacterial 13-glucu- 
ronidase. Even the hepatic bile from patients with 
formed black pigment stones and mixed stones had a 
13-glucuronidase activity higher than the control. 
Therefore, /3-glucuronidase was the biliary enzyme 
which might contribute to stone formation. 
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