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New perspectives in biomonitoring liver function by
means of serum bile acids: experimental and
hypothetical biochemical basis

G Franco

Abstract
The functional activity of the liver and the
variety of its responses to injury makes the
choice ofappropriate tests offunctiona difficult
task. Because of the highly efficient uptake of
bile acids by the normal hepatocyte, the
determination of serum bile acid (SBA) con-
centration has been proposed as a test to detect
early changes of liver function not associated
with cytotoxicity. Several biomonitoring
studies have been carried out on subjects
occupationally exposed to hepatotoxic sub-
stances, by evaluating SBAs as indicators of
early liver dysfunction. Even though these
studies are not exactly comparable because of
the different protocols adopted, most of them
show a significant increase in SBA concentra-
tions among the exposed subjects compared
with unexposed controls. Furthermore, higher
prevalences of subjects with abnormal SBA
concentrations occur in those exposed to
mixtures of organic solvents. Increased SBA
concentrations among the subjects exposed to
various xenobiotics have been explained by
assuming a change in function of hepatocytes.
As regards the nature of the mechanisms
involved in the increase in SBA concentra-
tions, recent experimental observations
pointed out that some chlorinated aliphatics
were able to inhibit cell membrane ATPases
and alter cytosolic calcium homeostasis. The
lack of any relation, however, between
exposure and SBA concentrations remains an
important point to clarify and at present
prevents the use of measurement of SBA con-
centrations as an index of effect.

The central role of the liver in the biotransformation
of xenobiotics makes it a target organ for

occupational and non-occupational xenobiotics.
Biomonitoring liver function of subjects occupation-
ally exposed to hepatoxic substances is a difficult task
because the present tests do not have the required
specificity and sensitivity necessary to explore liver
function in such subjects. More sensitive and specific
indices to detect effects on liver as a consequence of
exposure to hepatotoxic xenobiotics are needed.'
Even though the measurement of serum bile acids
(SBAs) was initially considered a research model,
this test seems to be both sensitive in showing early
liver dysfunction and specific because high concen-
trations of SBAs are an expression of hepatobiliary
defects. Recent investigations into the measurement
of SBA concentrations as a test may be considered,
broadly, as three groups-namely, epidemiological
studies and experimental studies in vivo and in
vitro-and are discussed under these headings.

Epidemiological studies
In the period 1984-90 several studies ofbehaviour of
SBAs in groups ofworkers occupationally exposed to
various chemicals were undertaken, six of which
appeared in scientific publications and 10 of which
were presented at congresses of occupational
medicine.2'7

METHODS AND POPULATION GROUPS
Total SBAs were measured by enzymatic
methods,6 9 11 13-15 the conjugated derivatives of cholic
acid and chenodeoxycholic acid with taurine and
glycine by immunoenzymatic methods or by
radioimmunoassay,2158'102 and the single acids
and derivatives by high pressure liquid chromato-
graphy.'6 17

All the study populations (except4 7) comprised
men. The mean age ofthe subjects varied from 3012 to
494. As regards intake of ethanol, the maximum
quantity of ethanol allowed for the inclusion of
subjects in the study differed according to local
lifestyle and varied from 50 g to 90 g a day.6" 0 13 In
some studies subjects were included regardless of
their intake of ethanol.24511121617 Hepatic diseases
and consumption of drugs were motives for the
exclusion of subjects from the studies. Some other
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selection criteria included availability of liver
biopsy,5 the presence of other diseases,78 exposure to
contrast media,8 and blood transfusion.'5 In general,
these criteria were also employed in selecting control
groups. Sometimes the results were compared with
reference values for the general population.3"8

OCCUPATIONAL EXPOSURE
Large differences exist among the studies regarding
type and degree of exposure to chemicals. The
studies considered exposure to more or less complex
mixtures of chemicals as follows: styrene,2-4 7 9
aromatic solvent mixtures,3 1013 complex organic
solvent mixtures,"' 12 hydrocarbon mixture,8
chlorinated derivatives of aliphatic hydrocarbons-
namely, vinyl chloride,3515 polyvinyl chloride,3
perchloroethylene, and methylene chloride (unpub-
lished data)-and other chemicals-namely,
dimethylformamide," pentachlorophenol,6 and
rubber factory fumes.'7
Environmental concentrations of chemicals are

reported in various ways. Mean values and
range21 6911 13 14 or maximum values are given,3 18 in
some studies exposure levels are obtained from
exposure indices,7 16 and in others no data are presen-
ted.358 1217 In general, exposure levels are lower than
the limit values prescribed by the American Con-
ference of Governmental Industrial Hygienists
(ACGIH). Only three studies consider workers
exposed at concentrations higher than ACGIH limit
values. These are for solvent mixtures6 4 and
styrene.4 Some studies obtained exposure level from
the measurement of index of dose (mandelic acid for
styrene exposure,9 and pentachlorophenol,'6 and

perchloroethylene (unpublished data)) for the
exposure to these chemicals. In other studies
exposure was evaluated by measurement of the
compound itself in biological media-for example,
toluene and xylene concentrations in blood and
urine,1° and 1,1,1,-trichloroethane,'l perchloroethy-
lene, and methylene chloride in urine (unpublished
data).

BEHAVIOUR OF SERUM BILE ACIDS
The table shows the results. Styrene is the most
studied single chemical. Results are contradictory
and only in some instances measurement of SBA
concentration is able to discriminate exposed from
unexposed subjects.239 Also in exposure to solvent
mixtures some differences exist in the behaviour of
SBA. Exposure to aromatic hydrocarbons, however,
causes, to a relatively constant degree, an increased
prevalence of subjects showing higher SBA con-
centrations.3'0 3 Several studies consider exposure to
complex organic solvent mixtures containing
aromatic and aliphatic hydrocarbons and their
chlorinated derivatives and the results are not
comparable, due to lack of exposure data. Increased
concentrations of SBA6 and of cholic acid (CA) and
chenodeoxycholic acid (CDCA) were found in one
study'2 whereas no changes were detected in other
studies." '4
For exposure to chlorinated derivatives of

hydrocarbons and particularly to vinyl chloride,
some studies agree in the finding ofincreased CA and
CDCA concentrations35 although a more recent
study fails to confirm this observation.'5 Methylene
chloride and perchloroethylene exposure at around

Behaviour of SBAs in subjects occupationally exposed to various chemicals

Exposure level

Exposure chemical (% Of TLV) SBA

Styrene2 20-94 +
Styrene3 < 71 +
Solvent mixture: cresol, xylene, toluene3 40-70 +
Vinyl chloride polymer3 - NS
Vinyl chloride monomer3 <20 +
Styrene4 56-205 NS
Vinyl chloride monomer5 - +
Solvent mixture: hexane, methylene chloride, styrene, xylene, toluene, ethyl acetate6 177-1039 +
Styrene' < 50 NS
Alkane, alkene' - NS
Styrene9 < 6 +
Solvent mixture: xylene, toluene" < 100 +
Solvent mixture: trichloroethane, heptane, methylethylketone" < 30 NS
Solvent mixture: xylene, toluene, acetone, methylethylketone'2 - +
Dimethylformamide" 100 +
Solvent mixture: xylene, toluene"3 < 100 +
Solvent mixture: xylene, toluene, others not specified14 < 240 NS
Vinyl chloride monomer'5 - NS
Pentachlorophenol'6 < 28 +
Rubber factory fumes'" - NS
Perchloroethyleneu < 16 NS
Methylene chlorideu < 114 NS

+ Indicates a statistically significant increase in mean value or in prevalence among the exposed subjects compared with controls. NS =
Non-significant. TLV is as prescribed by ACGIH. Superscripts are reference numbers; u = unpublished data.
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the ACGIH limit values did not cause significant
changes in SBA concentrations (unpublished data).
Some studies evaluated the dose response relation

between environmental, blood, or urinary chemical
concentration and SBA concentration. As exposure
indices, toluene and xylene in blood and urine,'"
pentachlorophenol in blood and urine,'6 and
methylene chloride and perchloroethylene concen-
trations in urine (unpublished data) were evaluated.
No significant relations between these indices and
SBA concentrations were found.

BEHAVIOUR OF SBA IN RELATION TO OTHER
LABORATORY PARAMETERS
Further evaluation considered the behaviour of
traditional liver function tests (most measurements
of aminotransferase, y-glutamyl-transpeptidase, and
alkaline phosphatase activities, and bilirubin concen-
trations), which were studied together with changes
in SBA concentrations. Several studies showed no
increase in mean values of the parameters measured,
in particular, aminotransferases, and no increase in
the prevalence of exposed subjects with abnormal
values compared with controls.269 13 16 Therefore, the
increase in SBA concentrations precedes that of the
indices of cytolysis and thus could represent an index
of early hepatic dysfunction. Other studies reported
the alteration of at least one parameter together with
increased SBA concentration3 12 whereas the remain-
ing studies showed the alteration of at least one
parameter not associated with increase in SBA con-
centration. "" These last data do not support the
hypothesis that change in SBA concentration could
indicate early liver dysfunction.

Experimental in vivo studies
In rats exposed to trichloroethylene (via inhalation
and intraperitoneal injection) a dose dependent
increase in serum concentrations of cholic acid and
chenodeoxycholic acid conjugated with glycine and
taurine derivatives was found.'8 Furthermore, after
treatment with trichloroethylene, serum activities of
alkaline phosphatase and sorbitol dehydrogenase
were not changed and that of alkaline aminotrans-
ferase was raised only at the highest dose, confirming
that changes in liver function evaluated by means of
SBA concentrations are seen earlier and in the
absence of any cytolytic alteration. Similarly
increased SBA concentrations occurred after treat-
ment with a-naphthylisothiocyanate, an established
compound used as a model hepatotoxin for studying
changes in bile flux. These results suggest that the
hepatobiliary disturbance could be common for both
trichloroethylene and ax-naphthylisothiocyanate even
though no mechanism responsible was identified.
The relation between dose and increased SBA con-
centration is clearly proved in the intraperitoneally
administered trichloroethylene experiment (whereas

the dose dependency is less clear in the experiment
carried out by inhalation). This result is not consis-
tent with the data in man, and it is necessary to stress
the difference between experimental and occupational
exposure to chemicals. In fact, no relation was found
in subjects occupationally exposed to various
chlorinated aliphatic hydrocarbons (unpublished
results), xylene, and toluene.'"

Experimental in vitro studies
Progress has recently been made in the understand-
ing of normal bile flux mechanisms by the use of
isolated hepatocytes and hepatocyte plasma mem-
branes. Each change in the transport mechanisms
that control the absorption, transport, and secretion
phases could modify the biliary flux that is followed
by the increase in SBA concentration. Several
mechanisms able to induce changes in bile flux were
identified: (1) Na+K+ATPase inhibition, (2) increase
in the permeability of the paracellular pathway, (3)
cytoskeleton changes, and (4) increase in
permeability of smooth endoplasmic reticulum to
calcium. Of these steps, most information is available
regarding the carrier mediated uptake across the
sinusoidal membrane of the hepatocyte.'9

Hepatocellular transport mechanisms were
recently investigated in isolated hepatocyte
suspensions exposed to 1,1,1-trichloroethane and
tetrachloroethylene. The exposure to these
chemicals, in doses that did not cause cytolysis and
ultrastructural changes in hepatocytes, resulted in
the inhibition of uptake of taurocholic acid in a dose
dependent manner together with the concurrent
inhibition of the ouabain and 2-aminoisobutyric acid
transport mechanisms.20 Furthermore, the exposure
of hepatocyte plasma membranes to these chemicals
resulted in a reversible decrease ofATPase activities,
which is known to be an essential mechanism respon-
sible for the almost complete extraction, by means of
a Na+ dependent mechanism of cotransport, of SBA
from sinusoidal blood.'9
These results, although obtained from in vitro

experiments, could provide the biochemical and
cellular basis necessary to explain the increased SBA
concentrations seen in occupationally exposed
subjects. In fact, they showed that the spillover of
SBA with the succeeding increase of SBA concentra-
tions in the systemic circulation could be explained as
a consequence of the impairment of uptake
mechanisms. Moreover, impairment of SBA uptake
represents a sensible biological event that occurs
earlier than the increase in parameters of cytolysis.
These results are consistent with studies in man and
could explain the reason for the more widely altered
SBA concentrations compared with other function
test indices. They could, however, also justify those
studies that failed to find any change in SBA
concentrations among exposed subjects. In fact the
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inhibition ofATPase due to exposure to halogenated
compounds was shown to be reversible.2" The
negative studies in man could have failed to detect a
change in SBA concentrations, not because the effect
(the alteration of the SBA uptake mechanism) had
not occurred, but simply because, being reversible, it
was no longer present.
Among the other mechanisms able to induce

changes in bile flux ((1) increase in the permeability of
the paracellular pathway, (2) changes in the cyto-
skeleton, (3) increase in permeability of smooth
endoplasmic reticulum to calcium) the first two, even
though proved for a variety of drugs, cannot be
invoked for occupational chemicals at present. The
third, however, was seen to be an important factor in
determining cholestasis. In particular, carbon tetra-
chloride and 1,1-dichloroethylene were effective in
inhibiting the calcium pump in the endoplasmic
reticulum with an increase of cytosolic calcium
leading to the impairment of a number of
intracellular transport processes.22

Conclusions
The studies carried out in the last six years lead to no
definitive conclusions about the possible use of SBA
as an index of effect predictive of health impairment
resulting from exposure. Measurement of SBA con-
centration is sensitive because the concentration
increases at a low degree of exposure to many
chemicals and this could be regarded as a favourable
characteristic. A correct application of indices of
effect, however, requires a knowledge of both the
biochemical mechanism of toxic action of chemicals
and the cellular sites at which alteration is
responsible for the effects. Recent advances have been
made in the knowledge of these aspects. In particular,
chlorinated aliphatics were shown to cause an
impairment ofuptake of SBA and to alter the calcium
pump in the endoplasmic reticulum of the
hepatocyte. Both these changes in the transport
mechanisms controlling the absorption (hepatocyte
SBA uptake) and the transport (regulated by the
calcium pump in the endoplasmic reticulum) phases
could modify biliary flux, which, in turn is followed
by an increase in SBA concentration.
Although measurement of SBA is characterised by

a high sensitivity, it shows a noticeable lack of
specificity, as many chemicals share the same bio-
chemical and cellular mechanisms responsible for its
increase. Therefore, even though some experimental
studies support the possibility that SBA concentra-
tion may be adopted as an index of effect,'8 'o at present
its use for biomonitoring liver function in subjects
exposed to chemicals cannot be recommended.

Further studies are required to clarify the different
behaviours of SBA in subjects exposed to the same
kind of chemicals (particularly, aromatic hydro-

carbons and chlorinated aliphatic and aromatic
hydrocarbons). Moreover, because of the contradic-
tory results in the dose effect relation for studies in
man and animal and cellular studies, it is necessary to
study further the relation between behaviour of SBA
and exposure (above all at low levels). In fact, it is
necessary for the validation of the use of a biological
change as an index of effect to establish a relation
between exposure and the biological change itself.
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