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ABSTRACT. The mechanism of the inhibition of glucuronidation by long-chain fatty acyl-CoAs was studied
in rat liver microsomal membranes and in isolated hepatocytes. Palmitoyl- and oleoyl-CoA did not affect
p-nitrophenol UDP-glucuronosyltransferase activity in native microsomes but were inhibitory in permeabilised
vesicles. The extent of inhibition was dependent on the effectiveness of permeabilisation and was constant in
time in fully permeabilised microsomes. Fatty acyl-CoAs mobilised calcium from calcium-loaded microsomes.
Elevation of the intracellular acyl-CoA level by the addition of palmitate or oleate inhibited the glucuronidation
of p-nitrophenol in isolated hepatocytes. This effect could be abolished by emptying the intracellular calcium
stores. Therefore, it is concluded that fatty acyl-CoAs inhibit glucuronidation indirectly, presumably via calcium

mobilisation. BIOCHEM PHARMACOL 52;7:1127-1131, 1996.
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Glucuronidation catalysed by different UDPGTs$ is an es-
pecially important pathway for detoxifying the reactive in-
termediates of biotransformation, which otherwise can be
transformed into cytotoxic or carcinogenic compounds [1].
Therefore, any factor that modulates the rate of glucuron-
idation has an impact on long-term health. A strong posi-
tive correlation exists between dietary fat (especially poly-
unsaturated fatty acids) and death rates of certain types of
cancer. [t has been observed that long-chain fatty acids
inhibit glucuronidation in perfused rat liver [2, 3]. This
effect is probably mediated by long-chain acyl-CoAs, the
obligatory intermediates of fatty-acid-metabolising path-
ways. Different pathophysiological, nutritional, and meta-
bolic states that can be characterised by elevated acyl-CoA
levels [4—6]—the addition of glucagon, starvation, oleate
feeding, a high-fat diet, ethanol abuse, and diabetes melli-
tus—are accompanied by reduced glucuronidation. Previ-
ous data indicate that CoA derivatives of fatty acids inhibit
UDPGTs noncompetitively [3] at physiological concentra-
tions of acyl-CoAs [3, 7] in rat liver microsomal mem-
branes. This effect is more pronounced in disrupted micro-
somes, indicating that intact microsomal membrane limits

the accessibility of UDPGTs for fatty acyl-CoAs. It also has
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been suggested that, in addition to acyl-CoA binding, acyl-
CoA-dependent fatty acylation may also decrease the ac-
tivity of different UDPGTs [8].

The aim of the present study was to investigate the
mechanism of acyl-CoA-dependent inhibition of glucuron-
idation, taking into account the possibility of indirect ways.
Emptying of intracellular Ca®* stores by various agents in-
hibits glucuronidation in isolated hepatocytes [9, 10]. It has
also been shown that acyl-CoAs mobilise calcium from mi-
crosomal vesicles {11, 12]. Therefore, experiments were
done to examine whether this mechanism was implicated
in the inhibition of glucuronidation by fatty acids. Our data
suggest that fatty acids inhibit glucuronidation by acyl-
CoA-mediated calcium mobilisation.

MATERIALS AND METHODS

Hepatocytes were isolated from male Sprague-Dawley rats
(180-220 g body weight) by collagenase perfusion [13] and
incubated as reported previously [9]. Calcium-depleted cells
were treated as described previously [9]. Fatty acids were
added to the incubation medium [3]. Glucuronidation of
p-nitrophenol was measured as described elsewhere [14].
Cell viability assessed by the Trypan Blue exclusion test was
more than 90% in all experiments. None of the indicated
treatments caused significant modification of cell viability.

Rat liver microsomes were prepared as previously re-
ported {15]. The microsomal fractions were resuspended
(ca. 80 mg of protein/mL) in a medium of the following
composition (mM): KCI, 100; NaCl, 20; MgCl,, 3.5;
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FIG. 1. Effect of fatty acyl-CoAs on p-nitrophenol UDPGT
activity in rat liver microsomes. Rat liver microsomes (2 mg
protein/mL) were incubated in the presence of 4 mM UD-
PGA, 0.5 mM p-nitrophenol, and different concentrations
of palmitoyl- or oleoyl-CoA. Enzyme activities were deter-
mined after an incubation of 20 min (native vesicles: open
circle, palmitoyl-CoA; open square: oleoyl-Coa) or 4 min
(permeabilised vesicles: solid circle, palmitoyl-CoA; solid
square, oleoyl-CoA) of incubation. Data are means + SEM
of four experiments.

MOPS, 20, pH 7.2. The suspensions were frozen and stored
under liquid N, until use. Microsomal p-nitrophenol
UDPGT activity was measured in the same medium [16].
Intactness of liver microsomes checked by measuring the
mannose-6-phosphatase activity [17] was approximately
95% in all the preparations employed. Microsomes were
permeabilised with alamethicin as reported previously [18].

For the measurement of Ca®" fluxes with the Ca®* indi-
cator, Fluo 3 microsomes (1 mg of protein/mL) were incu-
bated at 37°C in a temperature-controlled cuvette holder
under continuous stirring. The incubation medium was
supplemented with 3 mM ATP, 10 mM phosphocreatine,
10 mM NaNj, 1 pM Fluo 3 (free acid), and 10 units/mL
creatine kinase. The amount of Ca®* present in the incu-
bation medium (as a contaminant of solutions) ranged be-
tween 10 and 5 nmol/mL as measured by atomic absorp-
tion spectroscopy. Fluo 3 fluorescence was measured as de-
scribed elsewhere [12].

Protein content was determined by the Lowry method
[19] using bovine serum albumin as standard.
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The chemicals ATP, phosphocreatine, creatine kinase
(Type II), acyl-CoA esters, collagenase (Type IV), ala-
methicin, UDP-glucuronic acid, oleic acid, and palmitic
acid were obtained from Sigma Chemical Co. (St. Louis,
MO, U.S.A.). Male Sprague-Dawley rats weighing 180-220
g were purchased from Nossan (Milan, Italy).

RESULTS

The effect of acyl-CoAs, the obligatory intracellular inter-
mediates of fatty-acid-utilising pathways, was investigated
in microsomal p-nitrophenol UDPGT activity. Palmitoyl-
or oleoyl-CoA caused concentration-dependent inhibition
only in disrupted microsomes permeabilised by alamethicin;
in native microsomes up to 50 M concentration, they did
not affect p-nitrophenol UDPGT activity (Fig. 1). To in-

vestigate the relationship between permeabilisation and
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FIG. 2. Relation between the extent of permeabilisation
and the inhibitory effect of palmitoyl-CoA on p-nitrophenol
UDPGT activity in rat liver microsomes. Rat liver micro-
somes (2 mg protein/mL) were permeabilised by different
concentrations of alamethicin (0.005-0.1 mg/mg protein)
and incubated in the presence of 4 mM UDPGA and 0.5
mM p-nitrophenol for 4 min. The effect of 20 pM palmitoyl-
CoA was investigated. UDPGT latency was expressed as
maximal minus actual activity x 100 divided by maximal
activity. Data are means of four experiments. SEMs were
less than 10% of the means.
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acyl-CoA-dependent inhibition of glucuronidation, micro-
somes were treated with suboptimal amounts of alamethi-
cin. In these partially permeabilised vesicles, the inhibitory
effect of 20 uM palmitoyl-CoA was dependent on the grade
of permeabilisation detected on the basis of UDPGT la-
tency (Fig. 2). In fully permeabilised vesicles, the extent of
inhibition was constant in time. The rates of p-nitrophenol
glucuronidation were 19.0 and 13.5 nmol/mg protein/min
(r = 0.9892, r = 0.9855) in the absence and in the presence
of 20 puM palmitoyl-CoA, respectively. Addition of 10 mM
GSH or GSSG did not alter either UDPGT activity or the
inhibition caused by 20 pM palmitoyl-CoA in permeabi-
lised microsomes (data not shown).

The supposed Ca®* releasing effect of acyl-CoAs was
investigated in rat liver microsomes preloaded with Ca** in
the presence of MgATP and an ATP-regenerating system.
As was expected [12], addition of palmitoyl-CoA (50 pM)
resulted in a prompt but partial release of intravesicular
Ca** (Fig. 3).

The intracellular acyl-CoA level of isolated hepatocytes
was elevated by the addition of palmitate or oleate. The
cells were incubated in the presence of 100 uM p-
nitrophenol. At this aglycone concentration, the rate of
conjugation is maximal, and mainly glucuronides are
formed [9, 14). Addition of palmitate or oleate to the cells
at 300 wM concentration, reported to inhibit glucuronida-

tion in perfused rat liver [2], decreased the rate of p-
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nitrophenol disappearance (Table 1). The inhibition of
conjugation was due to the diminished glucuronidation in
both fatty acids. Depletion of intracellular Ca** stores by
preincubating the cells for 30 min in the presence of excess
EGTA [7] caused an approximate 80% inhibition of p-
nitrophenol conjugation; addition of palmitate did not re-
sult in a further decrease in these hepatocytes (Table 1).

DISCUSSION

Our results indicate that permeabilisation of microsomal
vesicles is a precondition for the inhibition of glucuronida-
tion caused by acyl-CoAs (Fig. 1) and that the extent of
permeabilisation determines its effectiveness (Fig. 2). Pre-
vious conflicting observations can be explained by the dif-
ferent intactness of microsomal membranes. Because fatty
acids have been reported to be ineffective in microsomal
experiments [20], we suppose that the inhibition of gluc-
uronidation caused by fatty acids has an indirect mecha-
nism. Fatty acids and their CoA derivatives have been re-
ported to inhibit Ca®* accumulation and stimulate Ca®*
efflux from endoplasmic reticulum in both isolated hepato-
cytes and liver microsomal vesicles [11, 12]. Considering
that UDPGT activity is dependent on the presence of di-
valent cations [1] and that mobilisation of intrareticular
calcium by ionophores, Ca?* ATPase inhibitors [9], or hor-
mones acting by Ca?* mobilisation [10] inhibited the con-

2 uM ionomycin

FIG. 3. Ca®*.releasing effect
of palmitoyl-CoA in Ca®*-
loaded liver microsomes. The
volume of the reaction mix-
ture was 2 mL. CaZ* fluxes
were evaluated by monitoring
Fluo 3 fluorescence emission
at 526 nm (excitation at 506
nm) as detailed in Materials
: and Methods. Incubation was
; started by the addition of 2
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accumulation, palmitoyl-CoA
was added. One typical ex-
periment of four.
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TABLE 1. Effect of fatty acids on the conjugation of p-nitrophenol in iso-
lated rat hepatocytes

(pmol/min/10° cells)

p-Nitrophenol p-Nitrophenol
p-Nitrophenol glucuronide disappearance
disappearance formation in Ca**.depleted cells
Control 1061 + 34 783 + 56 1899
300 uM Palmitate 718 + 95* 486 + 82* 208z 6
300 pM Oleate 868 + 35* 547 + 67* N.M.

Cells were incubated in the presence and in the absence of fatty acids with 100 wM p-nitrophenol for 15
min. The disappearance of the aglycone and the formation of p-nitrophenol glucuronide were measured.
Data are means + SEM, n = 4, N.M., not measured.
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* Different from control at P < 0.01.

jugation of p-nitrophenol in isolated hepatocytes, it seems
likely that fatty acids inhibit glucuronidation via acyl-CoA-
mediated Ca®* mobilisation.

According to this assumption, palmitoyl-CoA at a physi-
ological cytosolic concentration [12] mobilised calcium
from preloaded microsomal vesicles (Fig. 3). In hepato-
cytes, the calcium-filled state of intracellular stores was the
precondition for fatty-acid-dependent inhibition (Table 1).
These findings raise the possibility of an indirect mecha-
nism of inhibition: the intracellular metabolites of fatty
acids, i.e. acyl-CoAs (and presumably fatty acids) mobilise
calcium from the endoplasmic reticulum, and the decreased
lumenal calcium level in turn diminishes UDPGT activity.

Qur findings show that long-chain fatty acyl-CoAs do
not inhibit glucuronidation in an intact microsomal system.
This observation indicates that the binding of these com-
pounds to UDPGTs and the consequent noncompetitive
inhibition of the enzyme and the acyl-CoA-dependent fatty
acylation [8] are unlikely to play a role in intact cells. ER
membrane represents a strict barrier for hydrophilic com-
pounds of higher molecular mass (e.g. sugar nucleotides,
ATP, glucuronides). The poor penetration of palmitoyl-
CoA was also observed in phospholipid monolayers [21].
The intraluminal positioning of UDPGTs [18], therefore,
excludes a direct interaction between acyl-CoAs and the
enzyme. Beyond the limited accessibility of acyl-CoAs to
UDPGTs, the oxidative environment of the lumen of ER
and the high GSSG/GSH ratio [22] make the acylation of
a thiol group of UDPGTs less probable. Fatty acylation was
observed in disrupted microsomes and on purified enzymes
in reductive (dithiothreitol-containing) medium [8]. More-
over, the extent of inhibition was independent of the re-
ductive or oxidative environment achieved by the addition
of GSH or GSSG, respectively, and proved to be constant
in time. These observations do not support an inhibition
caused by a progressive fatty acylation.

In conclusion, our data suggest that long-chain fatty ac-
ids inhibit glucuronidation in the liver via a fatty acyl-CoA-
mediated indirect way. Their Ca?* mobilising effect and the
calcium dependency of the intrareticular UDPGTs suggest
that this mechanism may be responsible for the inhibition.
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