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In general, human gallstones formed in the b i le  cyst and/or b i le  
duct are c lass i f ied into three major groups such as cholesterol 
stone, pigment stone and rare stone. Each group can f u r t h e r  be 
divided into subgroups: cholesterol stones into pure cholesterol 
stone, combinat ion stone and mixed stone; pigment stones in to  
calcium b i l i rub ina te  stone and black stone; and rare stones into 
calcium carbonate stone, calcium fa t t y  acid stone, other combina- 
t ion stone and miscellaneous (Matsushiro and Suzuki 1984). 

I t  is wel l  known tha t  metals are minor components in the v i t a l  
body and they play very important roles for the biological  fun- 
ctions. There are evidence that support some re lat ionship bet- 
ween diseases and metals, being especial ly in cadmium and lead 
(Baum and Worthen 1967; Steassen et al. 1984). Many i n v e s t i g a -  
to rs  reported concerning the components of the stone ( E l l i o t  
1973), Metal content  in human renal c a l c u l i  was reported pre-  
v i ous l y  (Yamamoto et al. 1987), but no paper have dea l t  w i th  
metal contents in re lat ion to formation mechanism of gallstone, 

In th is  study, we have determined the eight metal contents, i.e. 
calcium, magnesium, manganese, iron, copper, zinc, cadmium and 
lead, in ga l l s tone .  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 gallstones. We also discussed the re la t ionship 
between metals and formation mech• of gal lstone as well as 
the environmental contamination. 

MATERIALS AND METHODS 

Standard solut ion of metals, perchlor ic acid and n i t r i c  acid were 
obtained from Wako Pure Chemicals Co. Ltd. Osaka, Japan for  heavy 
metal ana lys is ,  And a l l  o ther  chemicals in ex t ra  pure grade 
were also purchased from the same source, Deionized and d i s t i l -  
led water was used through the experiments. Ninety seven g a l l -  
stones were collected from patients who were operated in Depar- 
tment of Surgery, Tohoku Universi ty School of Medicine, Stones 
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were o p t i c a l l y  c l ass i f i ed  in to  three types of cholestero l  stone 
and two types of  p igment  stone by the method of  Ma tsush i ro  and 
Suzuki (1984). These were twelve pure cholestero l  stones, seven 
combination stones, twenty three mixed stones, t h i r t y  e ight  ca l -  
cium b i l i r u b i n a t e  stones and seventeen b lack  stones. The age 
range of  p a t i e n t s  were from twe l ve  to e i g h t y  seven years old.  
Then, they were div ided in to  three groups according to ages (12- 
39, 40-59, 60- ). Sex compos i t i on  was 35 f o r  men and 62 f o r  
women. 

The preparat ion of the samples was carr ied out by the wet diges- 
t ion method reported prev ious ly  (Yamamoto et al. 1987). A Japan 
Ja r re l  Ash atomic  abso rp t i on  spec t ropho tomete r  AA-8500 w i t h  a 
f lameless atomizer FLA-IO0 and a concentrat ion read out system 
MC-IO0, and a Hitachi Model 308 atomic absorpt ion spectrophotome- 
te r  were used fo r  the determinat ion. 

Metal contents were compared wi th the data which we prev ious ly  
reported (Suzuki et al. 1975; Yamamoto et al. 1981, 1982a, 1982b, 
1987) and other inves t iga to rs  reported about b io log ica l  samples 
(Butt  et al. 1964; Schroeder and Tipton 1968). 

RESULTS AND DISCUSSION 

Eight  metal con ten ts  of  g a l l s t o n e s  were determined in n i ne t y  
seven samples (Fig.  I ) .  Contents o f  e s s e n t i a l  meta ls  such as 
ca lc ium,  magnesium, manganese, i ron  and z inc  were r e l a t i v e l y  
higher than those of poisonous ones (cadmium and lead). Ac tua l l y  
the order  o f  metal con ten t  was ca lc ium > magnesium > copper > 
iron > manganese > zinc > lead > cadmium (Table I). 

Metal contents of pigment stone were r e l a t i v e l y  higher than those 
in cholestero l  stones. The order of metal contents of the g a l l -  
stones was black stone > calcium b i l i r u b i n a t e  stone > cholestero l  
stone (combination stone ~ pure cholestero l  stone ~ mixed stone). 
A i l  gal ls tones contained much calcium, magnesium and copper (Tab- 
le 2). 

S ign i f i can t  age d i f ference was not observed in the content of a l l  
meta ls .  In genera l ,  however, t he re  was a tendency t h a t  40-59 
years old group had more metal contents than other groups (Table 
3). Sex d i f f e r e n c e  in the metal con ten ts  was not observed 
(Table 4). 

Most of trace metals are essent ia l  elements for  l i v i n g  ce l l s  and 
the contents are less than one par t  per m i l l i o n  or less than iron 
con ten t  in l i v i n g  organism. In t h i s  s tudy,  manganese, copper 
and zinc are categorized as the essent ia l  elements. As compared 
wi th plasma or other b io log ica l  samples, the metal contents were 
h igher  in g a l l s t o n e s .  Manganese and copper con ten ts  in the 
gal ls tone were higher than those in u r inary  ca lcu l i  (Yamamoto et 
a l ,  1982a; Yamamoto et  a l .  1987) and the leve l  o f  a l l  meta ls  
determined in the present study were almost the same as those in 
the previous work using other ga l ls tone samples (Suzuki et al. 
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1975; Yamamoto et al. 1982b). Manganese and copper were conden- 
ced in  g a l l s t o n e s ,  e s p e c i a l l y  in p igment  stones (Bu t t  et  a l .  
1964). So poisonous metals such as cadmium and lead might also 
be condenced in gal ls tones.  

I t  i s  not the case of  g a l l s t o n e s  but  Mayer and Angino (1977) 
reported that  alminium, copper, t i n  and zinc prevented the forma- 
t i o n  of  ca lc ium phosphate stone, and Eusebio and E l l i o t  (1967) 
reported that  contaminant metals such as cadmium, mercury, manga- 
nese and n i c k e l  f a c i l i t a t e  the f o r m a t i o n  of  ca lc ium oxa la te  
stone. So manganese and cadmium may f a c i l i t a t e  the format ion of 
g a l l s t o n e s ,  e s p e c i a l l y  p igment  stones which contain much ino r -  
gan ic  components. The r e s u l t s  ob ta ined in the p resen t  s tudy 
ind ica te  that  metals, espec ia l l y  contaminants, can play some role 
in  the f o r m a t i o n  mechanism of  g a l l s t o n e s .  Moreover g a l l s t o n e  
could not be used as index of  the env i ronmen ta l  c o n t a m i n a t i o n ,  
because of the va r i e t y  on i t s  components. 
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