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Sex differences in the bile acid composition of human
bile: studies in patients with and without gallstones
M. M. Fisher, m.d., ph.d. and I. M. Yousef,* ph.d., Toronto

Summary: The bile acid composition of human gallbladder
bile was studied in 83 subjects, 20 of each sex without
discernible hepatobiliary disease, and 20 men and 23 women
with cholelithiasis. The bile acids were measured by
combined thin-layer and gas-liquid chromatography.

In the bile of patients without cholelithiasis the molar
percent of cholic acid was significantly greater in men while
that of chenodeoxycholic acid was significantly greater
in women.

In the bile of patients with cholelithiasis the concentration
of total bile acids was reduced in both sexes but there
was no sex difference in the molar percent of any of the
bile acids. The molar percent of CDCA (both glycine
and taurine conjugates) was reduced in women, while
the molar percent of CA (only the glycine conjugate)
was reduced in men.

R6sume: Differences entre les sexes dans la composition
de I'acide biliaire chez I'homme: etude de malades
porteurs ou non de calculs biliaires

La composition en acide biliaire de la bile vesiculaire
a ete etudiee chez 83 sujets: chez 20 sujets de chaque sexe,
exempts de pathologie hepatobiliaire discernable, et
chez 20 hommes et chez 23 femmes souffrant de chol6lithiase.
La mesure des sels biliaires a ete faite par la
chromatographie en couche mince et par la chromatographie
en phase gazeuse-liquide.
Dans la bile des malades exempts de lithiase,

le pourcentage molaire de I'acide cholique etait nettement
plus eleve chez I'homme tandis que, chez la femme,
c'etait I'acide chenodesoxycholique qui predominait.
Dans la bile des lithiasiques, la concentration des acides

biliaires globaux etait reduite dans les deux sexes,
mais on ne notait aucune difference entre les sexes quant au
pourcentage molaire de I'un quelconque des acides
biliaires. Le pourcentage molaire d'ACDC (a la fois glyco-
et tauro-conjugues) etait diminue chez la femme, tandis
que le pourcentage molaire d'AC (seulement le
glyco-conjugue) etait reduit chez I'homme.
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The pathogenesis of cholesterol cholelithiasis remains ob-
scure. On the basis of in vitro studies it seemed that the
condition was due to the hepatic secretion of bile super-
saturated with cholesterol.1 However, it is now apparent
that normal individuals may secrete bile supersaturated with
cholesterol2 and that patients with cholesterol gallstones
can secrete bile which is normal on the basis of cholesterol-
bile salt-phospholipid coordinates.3"6 These observations,
along with those that have documented the return of
lithogenic bile to normal following cholecystectomy,7 have
once again raised the possibility that the primary abnorma-
lity in this disease may reside in the gallbladder and not
in the liver. Because it has been shown that the bile acid
pool is lower in patients with cholesterol cholelithiasis,8,9
it seemed pertinent to examine the bile acid composition
of the gallbladder bile of patients with and without choles¬
terol gallstones.

Patients

Gallbladder bile was obtained from 83 subjects during
the course of abdominal operations. The subjects were

patients in five general hospitals in the area of Metropolitan
Toronto. All subjects fasted overnight and none had re-
ceived antibiotics prior to operation.

Forty subjects, 20 men and 20 women, had no discernible
disease of the liver or biliary tract. Most were operated on
for diseases of the upper gastrointestinal tract and had not
undergone "routine liver function studies". Sixteen men
and nine women had peptic ulcers; two men and seven
women had hiatus hernias. There is no evidence that these
differences influenced our results significantly. None of
these patients had gallstones detectable by palpation of the
gallbladder at operation.
The other 43 subjects, 20 men and 23 women, had

cholelithiasis. Their clinical status varied but all were sub-
jected to an elective operative procedure and did not have
marked aberration in liver function at the time of operation.
Oral cholecystography demonstrated a functioning gall¬
bladder in 16 men and 22 women. All subjects had a tissue
diagnosis of cholelithiasis and chronic cholecystitis. Al¬
though some patients had more severe disease than others,
none had a gangrenous gallbladder and on the basis of the
pathology reports there was no sex difference in the degree
of cholecystitis found. Stones were available for analysis



from 17 subjects, 11 women and 6 men. Three subjects
had black stones but these were not pure pigment stones.
None of the 17 stones had a cholesterol content of less
than 50% as measured by gas chromatography. According
to the pathology reports none of the remaining patients
had pure pigment stones.
The ages of the patients ranged from 20 to 75 years.

The mean age of the patients without cholelithiasis was
40 years for women and 47 years for men. The mean age
of the patients with cholelithiasis was 50 years for women
and 52 years for men.

Methods

As much bile as possible was obtained by aspiration of
the gallbladder at a time during the operative procedure
convenient to the surgeon. The bile was frozen imme-
diately and kept so until analysis. No samples of white bile
were analysed. The bile was thawed to room temperature,
vortexed vigorously and then centrifuged at 1000 r.p.m. for
5 minutes. The supernatant was vortexed again and then
analysed.

Total solids were determined on the basis of dry weight.
Cholesterol was measured by the method of Abell et al10
and phospholipid phosphorus by the method of Bartlett.11
The cholesterol content was subsequently determined by
gas chromatography.12 Although the results obtained were
about 5% lower than those obtained by the method of
Abell et al, the differences were not statistically significant.
Quantitative analysis of the bile acid composition of bile

Tabte I.Composition of gallbladder bile*

and of the conjugation of the bile acids with glycine and
taurine was performed according to the thin-layer and gas
chromatographie techniques published by this laboratory.13
Our recovery rates for standard mixtures of bile acids
carried through the entire preparative procedure are 90 to
93%. These recoveries have been obtained with mixtures
of the glycine and taurine conjugates of cholic, chenode-
oxycholic and lithocholic acids. The concentration of each
bile acid in an unknown mixture was obtained by calculat-
ing its peak area and relating this to its own standard.

Significant differences were determined by Student's
t-test with no significant difference, NS, = P>0.05.
The following abbreviations have been used for the bile

acids referred to in this paper:
CA=cholic acid (3a,7«,12a-trihydroxy-5^-cholanoic acid);
CDCA=chenodeoxycholic acid (3a,7«-dihydroxy-5£-chol-
anoic acid);
DOCA=deoxycholic acid (3a, 12a-dihydroxy-5£-cholanoic
acid);
LCA=lithocholic acid (3a-hydroxy-5/?-cholanoic acid).
Glycine conjugates are prefaced by the letter G-.
Taurine conjugates are prefaced by the letter T-.

Results

There was no sex difference in the concentration of total
solids in the gallbladder bile (GBB) of patients without or
v/ith gallstones (Table I). However, female GBB had a
greater concentration of total lipids in patients without
and with stones. Furthermore, in both sexes there was a

NS = no significant difference (P > 0.05)
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highly significant reduction in the concentration of total
lipids in the GBB associated with gallstones compared to
that in GBB unassociated with gallstones.

Although the concentration of total lipids was greater
in the GBB of women, Table I demonstrates that there was
no significant sex difference in the molar percent contribu-
tion to the total lipids of the bile acids, phospholipids and
cholesterol. This was the case for patients without and
with cholelithiasis. Furthermore, although the concentra¬
tion of total lipids was significantly reduced in the litho-
genic GBB of both sexes, there was no significant difference
in either sex in the molar percent contribution to the total
lipids of the bile acids, phospholipids and cholesterol when
findings in subjects without and with cholelithiasis were

compared.
In patients without cholelithiasis the concentration of

total bile acids was significantly greater in the GBB of
women (Table II). On a molar basis the percent contribu¬
tion to the total bile acids of CA was significantly greater
in male GBB (P<0.001), while that of CDCA was signi¬
ficantly greater in female GBB (P<0.02). There was no

significant sex difference in the molar percent of DOCA,
LCA or the other two bile acids which have been tenta-
tively identified as 3a,7/?- and 3/?,12a-dihydroxycholanoic
acids.

In patients with cholelithiasis the concentration of total
bile acids was again significantly greater in the GBB of
women. However, there was no significant sex difference
in the molar percent of any of the six bile acids.
A feature of the lithogenic GBB of both sexes was a

lesser concentration of total bile acids (Table II). In women
this reduction in the concentration of total bile acids in
lithogenic GBB was associated with a reduction in the
molar percent of CDCA but not of CA. In men the reduc¬
tion in the concentration of total bile acids in lithogenic
bile was associated with a reduction in the molar percent
of CA but not of CDCA. The molar percent of DOCA and

LCA was significantly increased in the lithogenic GBB of
both sexes.

Analysis of biliary bile acids as their glycine and taurine
conjugates demonstrated that in the GBB of patients
without cholelithiasis the molar percent of G-CA and T-CA
was greater in men while the molar percent of G-CDCA
and T-DOCA was greater in women (Table III). There
was no significant sex difference in the molar percent of
any bile acid in either the glycine or taurine fractions of
the GBB of patients with cholelithiasis.

Table III also presents a comparison of the results ob¬
tained in patients without and with gallstones but of the
same sex. The only significant difference in female litho¬
genic GBB was an increase in the molar percent of G-
DOCA. The reduction in the molar percent of CDCA in
female lithogenic GBB (Table II) involved both glycine-
and taurine-conjugated CDCA but neither conjugate in an

individually significant way. Male lithogenic GBB featured
a significant increase in the molar percent of both glycine-
and taurine-conjugated DOCA. The reduction in CA in
male lithogenic GBB (Table II) involved a significant re¬
duction of the glycine conjugate but not of the taurine
conjugate.
Discussion
There have been numerous studies on the chemical

composition of the GBB obtained from human patients with
and without cholelithiasis, but none has addressed itself
specifically to the question of the possible sex differences
involved.31418 Our studies have documented a significantly
higher concentration of total lipids in the GBB of women
without and with cholelithiasis.

Analysis of the bile acid composition of the GBB of
patients without gallstones revealed that the molar percent
contribution of CA was greater in men while that of
CDCA was greater in women. There was no sex difference
in the molar percent contribution of individual bile acids

"Values represent mean ± standard error
tn = 20
tn = 23
^Lithocholic and two other bile acids tentatively identified as 3a,7£- and 3(3, 12a-dihydroxycholanoic acids.
NS = no significant difference (P > 0.05)
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in the GBB of patients with cholelithiasis. Several sex dif-
ferences in the relative degree of the conjugation of indi-
vidual bile acids with glycine and taurine were documented
in the GBB of patients without gallstones but none in the
GBB of patients with gallstones.
When the GBB of patients without and with gallstones,

but of the same sex, was compared a highly significant
reduction was revealed in the concentration of total lipids
and total bile acids in the lithogenic GBB of both sexes.
Again, there were significant differences in the bile acid
composition of the GBB. On a molar percent basis the
lithogenic GBB of women contained less CDCA while that
of men contained less CA. The lithogenic GBB of both
sexes contained more DOCA and LCA and a keto acid
tentatively identified as 7-keto-lithocholic acid.

These studies have not considered the bile of normal
individuals. All our subjects were fasted, anesthetized and
traumatised, and those who did not have gallstones did have
disease of their upper gastrointestinal tracts. However, it
appears that CDCA is quantitatively the most important
bile acid of the GBB of women and that a reduction in
CDCA largely accounts for the reduced bile acids in the
GBB of women with gallstones. This is in keeping with
the observations of Danzinger et alP that the pool size of
CDCA but not of CA is reduced in women with choleli-
thiasis. CA is quantitatively the most important bile acid
in male GBB and a reduction in cholic acid largely accounts
for the reduced bile acids in the GBB of men with gall-
stones. It is of interest in this regard that Vlahcevic et aP
have reported diminished pools of both CA and CDCA
in male patients with cholelithiasis.
On the basis of these studies we are led to believe that

there is a characteristic pattern of the bile acids in the
GBB of patients with cholelithiasis and that each sex has
its own pattern. The cholelithiasis pattern of both sexes
features a general reduction in the concentration of total
bile acids. But the female pattern features a dramatic
reduction in CDCA, both glycine- and taurine-conjugated,
while the male pattern features a dramatic reduction in
CA and especially G-CA.

It is obvious that further studies will be required in
order to determine the biological significance of these
observations and to provide an explanation for them.
Evaluation of their biological significance may be the
easier task because their explanation must await a better

understanding of the intestinal metabolism, enterohepatic
circulation and hepatic metabolism of bile acids, and of
gallbladder function in patients without and with choleli-
thiasis.
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