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INTRODUCTION

The trace element content of human bile was studied
to find the difference between hepatic, common bile
duct and gallbladder bile. Concentrations of trace
elements in gallbladder bile is more than that of he-
patic bile and this observation can not be explained as
due to simple water absorption. The zinc is excep-
tional in that, it is 3.6 times lower in gallbladder bile
than in hepatic bile.

METHODS

Bile samples were collected from 43 patients with
gallstones. Bile from PTC tubes was used for hepatic
bile, bile aspirated from the common bile duct was
used for common bile duct bile; and bile aspirated
from the gallbladder was when as gallbladder bile.

Immediately, after collection, the sample was stored
at-70C; on the day of analysis, all samples were
thawed at room temperature. Analytical grade hydro-
chloric acid (A.R.) Hcl was diluted by deionized water
to three molar (3M). Every sample was then treated
individually as follows: one minute hand shaking; 10
ml. ofbile was aspirated and placed in a 250 ml beaker,
50 ml of the 3M HC1 was then added. All specimens
were then kept in a boiling water bath for 30 minutes
followed by 5 minutes on a burner, to ensure adequate
digestion. After filtration, the resultant clear solution

was made upto 100ml in a volumetric flask by adding
deionized water.
The content of the elements in the 3M HC1 (Blank)

was determined first (for the calibration curve) and if
any elements existed thus was subtracted from the
value for the bile solution. This figure is then taken as
the concentration of the elements in bile. For measur-
ing the (Aluminium (A1), Barium (Ba), Calcium (Ca),
Molybdenum (Mo), Phosphorous (P), Silicon (Si),
Titanium (Ti), Vanadium (V) and the inductively cou-
pled plasma (ICP) Model IL phase 200 was used; for
measuring the (Sodium (Na), Potassium (K), Nichel
(Ni), Manganese (Mn), Lead (Pb), Silver (Ag), Cal-
cium (Ca) Zinc (Z), Cobolt (Co), Chromium (Ch),
Copper (Cu), Iron (Fe) atomic absorption spectro-
photometry (A.A.S) was used. The concentrations are
expressed by part per million (P.P.M.) i.e. lxg/ml.
Computing the results was accomplished by the
SPSSPC+ program.

RESULTS

The different concentrations ofelements in the bile are
shown in (Table 1). The mean values are shown in
Table 2.

DISCUSSION

To my knowledge, the use of a chemical digestion
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Table 2 Means of detectable elements in human lithogenic bile according to Source and Sex

Element Mean, Values and Standard deviation l.tgm/ml

In Hepatic In C.B.D. In G.B. Regardless In Males In Females
bile bile bile ofsource

Na 335+89.1 479.76+125.85 523.22+137.77 506.77+136.11 507.33+96.06 506.55+150.18
K 48.4+8.48 50.84+ 16.19 73.56_+25.07 65.52+24.58 73.92+26.74 62.27+23.34
P 23.70+23.05 37.116+44.07 141.345+92.66 104.36+92.96 151.24+100.4 86.21+84.73
Ca 16.47+2.54 17.25+8.2 44.29+25.19 34.82+24.47 44.51 +26.91 31.07+22.81
Mg 5.22+3.78 5.30+3.36 16.76+9.57 12.77+9.64 17.04+10.71 11.11+8.84
Mn 0.145+0.08 0.1647+.0.133 0.304+0.211 0.254+0.196 0.236+0.161 0.261+0.208
Pb 0.125+0.176 0.258+0.301 0.365+0.303 0.322+0.300 0.409+0.210 0.288+0.325
Fe 0.440+0.065 0.475+0.099 1.105+0.545 0.884+0.536 0.936+0.711 0.864+0.465
Ag 0.025+0.035 00 0.040+0.087 0.028+0.072 0.048+0.071 0.019+0.073
Cu 0.883+0.418 0.669+0.574 0.949+0.531 0.862+0.545 1.098+0.654 0.770+0.477
Zn 1.099+0.799 0.306+0.204 0.298+0.531 0.338+0.265 0.281+0.137 0.360+0.299
Ni 000 000 0.0046+0.024 0.003+0.019 0.011+0.037 000

digestion method was applied in the hope off assessing
the entire trace element content of different constitu-
ents of human bile; because using supernatant only1
or including the gallbladder tissue2 well either exclude
from or add to, the bile itself HC1 can form soluble
salts with all the assessed elements it’s ability to
digest bile make it all the more attractive, if elements
are present in the mucous secreted by the gallbladder
wall4 into the bile they will be extracted the HC1. We
found that only 3 molar (3M) HC1 can form a solution
with bile; HC1 ofmolarity less than 3M failed to form
a solution and ifmolarity was more than 3M, it coagu-
lated the bile. The reason for using 2 different ma-
chines is for maximum accuracy and sensitivity:5
measurements are given as tg/ml and that is why
comparing values with other studies are difficult. The
final value given to an element is obtained after sub-
tracting the content of the given element with HC1
solvent from the sample value. Twenty-two elements
were studied (Table 1) 2 elements were assessed for the
first time (Ba & Si); out of 22 elements only 12 can be
detected in human bile, the mean values of those
elements in hepatic, CBD & gallbladder bile and also
regardless the source are given (Table 2). Table 2 also
shows the mean value of female and male bile regard-
less of the source.
Male and female bile contain these elements in al-

most equal amounts with perhaps slightly more in the
male except for Zn where it is slightly more in females.
Gallbladder bile content of detected elements is
around 1.5-2 times greater than that in hepatic bile; in
the case of (Mg & P) gallbladder bile is 3 and 6 times
respectively, more than that of hepatic bile; Zn is
exceptional in that, it is 3.6 times more in hepatic bile
than gallbladder bile.

Gallbladder concentrates bile by absorbing water6

and so the concentration ofsolutes will be increased; if

water absorption is the cause of the higher concentra-
tion of elements in gallbladder bile then, one would
expect universal and uniform increase of all solutes
but this is not the case. The gallbladder mucosa has an
absorptive capacity greater than that of small intestine
per unit of surface, it can absorb and secrete electro-
lytes; the high concentration of Sodium Na, Potas-
sium K and Calcium Ca, can be explained by water
and electrolyte absorption from the gallbladder mu-
cosa(7-1
Copper levels are almost equal in hepatic and gall-

bladder bile and this can be explained by the fact that
copper in the bile is attached to lignads and is not
reabsorbable(12. Only in the gallbladder (not in intra-
hepatic bile ducts) the supersaturated bile can form
crystals which eventually may form stones; bile from
gallbladders with stones have high concentration of
glycoproteins which are also found in the gallbladder
wall and gallbladder stones(13-1s). Excessive production
of glycoproteins by gallbladder mucosa precedes stone

(16)formation such glycoproteins are thought to be the
organic matrix present in the center ofgallstone which
trap calcium compounds as calcium phosphate or bili-
rubinate to form the nidus of a stone around which
crystals aggregate(17-2).
Not every supersaturated bile present in the gall-

bladder can form crystals the difference between super-
saturated bile in forming crystals is in the nucleation
capacity(2). Nucleation is a feature of stone forming
bile it depends only on the presence of supersaturated
bile in the gallbladder, but is also dependent on the
addition of a nucleating agent (e.g. glycoprotein)(22),
lack of an agent in normal bile; or absence of an
inhibitor of crystalization or combination. So, both
cholesterol saturation and nucleating factor(s) or lack
of inhibitor(s) must be present in gallbladder bile be-
fore a stone can be formed. The high levels of Mg, P,
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pb, Fe and Mn noticed in this study may be due to
secretion of these metals from the gallbladder mucosa
either in ionic or compound forms, this may be par-
ticularly true in the case of Ni as it is only found in
gallbladder bile; some of these elements may play a
role in forming the gallstone nidus. Mg is known to
increase the solubility of Ca making it,available to
react with Phosphorus an ion present in abundance in
gallbladder bile; as a result calcium phosphate can be
formed and precipitated in the already present organic
matrix formed by glycoproteins.
The exceptionally low level ofZn in gallbladder bile

may be due to absorption of this metal from the
gallbladder mucosa because such a low level is not due
to methodological reasons; such observation was also
noted (1)previously
Zn was found to be higher in non-lithogenic bile

than abnormal bile(1). The findings of one study how-
ever did not conclusively demonstrate a bile lipo-
protein complex as an inhibitor of crystalization, it
was not possible to exclude the possibility that there
could be a naturally occurring nucleating-inhibiting
factor which may be one of the bile solutes(23). Obser-
vation of this study may indicate that Zn is probably
acting as a protective element against formation of
stones in gallbladder as in urinary stones4 or a crystali-
zation inhibitor but confirmation cannot be provided in
this study due to absence of normal bile samples.

In conclusion, trace element concentration in gall-
bladder bile is more than in hepatic bile and this
cannot be only due to water absorption; Zn is excep-
tionally low in gallbladder bile an observation which
deserves further investigation as Zn may be a protec-
tive element against stone formation.
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