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In general, human gallstones formed in the bile cyst and/or bile
duct are classified into three major groups such as cholesterol
stone, pigment stone and rare stone. Each group can further be
divided into subgroups: cholesterol stones into pure cholesterol
stone, combination stone and mixed stone; pigment stones into
calcium bilirubinate stone and black stone; and rare stones into
calcium carbonate stone, calcium fatty acid stone, other combina-
tion stone and miscellaneous (Matsushiro and Suzuki 1984).

It is well known that metals are minor components in the vital
body and they play very important roles for the biological fun-
ctions. There are evidence that support some relationship bet-
ween diseases and metals, being especially in cadmium and Tead
(Baum and Worthen 1967; Steassen et al. 1984). Many investiga-
tors reported concerning the components of the stone (Elliot
1973). Metal content in human renal calculi was reported pre-
viously (Yamamoto et al. 1987), but no paper have dealt with
metal contents in relation to formation mechanism of gallstone.

In this study, we have determined the eight metal contents, i.e.
calcium, magnesium, manganese, 1iron, copper, zinc, cadmium and
lead, in gallstone. We focused on the metal contents in human
gallstones and discussed the differences of metal contents in the
various components, and the age and sex differences in the metal
contents of the galistones. We also discussed the relationship
between metals and formation mechanism of gallstone as well as
the environmental contamination.

MATERIALS AND METHODS

Standard solution of metals, perchloric acid and nitric acid were
obtained from Wako Pure Chemicals Co. Ltd. Osaka, Japan for heavy
metal analysis. And all other chemicals in extra pure grade
were also purchased from the same source. Deionized and distil-
led water was used through the experiments. Ninety seven gall-
stones were collected from patients who were operated in Depar-
tment of Surgery, Tohoku University School of Medicine.  Stones
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were optically classified into three types of cholesterol stone
and two types of pigment stone by the method of Matsushiro and
Suzuki (1984), These were twelve pure cholesterol stones, seven
combination stones, twenty three mixed stones, thirty eight cal-
cium bilirubinate stones and seventeen black stones. The age
range of patients were from twelve to eighty seven years old.
Then, they were divided into three groups according to ages (12-
39, 40-59, 60- ). Sex composition was 35 for men and 62 for
women,

The preparation of the samples was carried out by the wet diges~
tion method reported previously (Yamamoto et al. 1987). A Japan
Jarrel Ash atomic absorption spectrophotometer AA-8500 with a
flameless atomizer FLA-100 and a concentration read out system
MC-100, and a Hitachi Model 308 atomic absorption spectrophotome-
ter were used for the determination.

Metal contents were compared with the data which we previously
reported (Suzuki et al. 1975; Yamamoto et al. 1981, 1982a, 1982b,
1987) and other investigators reported about biological samples
(Butt et al. 1964; Schroeder and Tipton 1968).

RESULTS AND DISCUSSION

Eight metal contents of gallstones were determined in ninety
seven samples (Fig. 1). Contents of essential metals such as
calcium, magnesium, manganese, iron and zinc were relatively
higher than those of poisonous ones (cadmium and lead). Actually
the order of metal content was calcium > magnesium > copper >
iron > manganese > zinc > lead > cadmium (Table 1).

Metal contents of pigment stone were relatively higher than those
in cholesterol stones. The order of metal contents of the gall-
stones was black stone > calcium bilirubinate stone > cholesterol
stone (combination stone = pure cholesterol stone & mixed stone).

A1l gallstones contained much calcium, magnesium and copper (Tab-
le 2).

Significant age difference was not observed in the content of all
metals. In general, however, there was a tendency that 40-59
years old group had more metal contents than other groups (Table

3). Sex difference in the metal contents was not observed
(Table 4).

Most of trace metals are essential elements for living cells and
the contents are less than one part per million or less than 1iron
content in living organism. In this study, manganese, copper
and zinc are categorized as the essential elements. As compared
with plasma or other biological samples, the metal contents were
higher in gallstones. Manganese and copper contents in the
gallstone were higher than those in urinary calculi (Yamamoto et
al. 1982a; Yamamoto et al. 1987) and the Tevel of all metals
determined in the present study were almost the same as those in
the previous work using other gallstone samples (Suzuki et al.
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1975; Yamamoto et al. 1982b). Manganese and copper were conden-—
ced in gallstones, especially in pigment stones (Butt et al.
1964). So poisonous metals such as cadmium and lead might also
be condenced in gallstones.

It is not the case of gallstones but Mayer and Angino (1977)
reported that alminium, copper, tin and zinc prevented the forma-
tion of calcium phosphate stone, and Eusebio and E1190t (1967)
reported that contaminant metals such as cadmium, mercury, manga-
nese and nickel facilitate the formation of calcium oxalate
stone. So manganese and cadmium may facilitate the formation of
gallstones, especially pigment stones which contain much inor-
ganic components. The results obtained in the present study
indicate that metals, especially contaminants, can play some role
in the formation mechanism of gallstones. Moreover gallstone
could not be used as index of the environmental contamination,
because of the variety on its components.
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