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This study aims to elucidate the choleretic effect and mechanism of
hydroxyacetophenones (HAs). The compounds differently increased bile flow rate with varying
biliary bile acids output in which the secretion varied from essential bile acid dependence (BADF)
to essential bile acid independence (BAIF). The mechanisms by which these compounds exerted
different actions remain unclear. Multi-component studies were conducted and reported.

1. We determined bile flow rate, biliary bile acid species and major biliary metabolites of
hydroxyacetophenones. The compounds used were 2,4,6-trihydroxyacetophenone (THA); 2,4,
and 2,6-dihydroxyacetophenone ( 2,4-DHA and 2,6-DHA) and 4-monohydroxy acetophenone (4-
MHA). By using HPLC analysis, four major bile acids species were detected in normal rat bile.
They were cholic, chenodeoxycholic, deoxycholic and ursodeoxycholic acids. Although the
secreted bile acid outputs were markedly increased, their percent distribution of individual species
was not different among compounds and from the control. It is suggested that HAs stimulated
biliary secretion of bile acids from the intracellular storage pool in the hepatocyte, not from newly
synthesized bile acids. 4-MHA did not alter the output which confirmed that 4-MHA stimulated
BAIF. The chemical structures of the major metabolites from HAs in bile were identified as
2,4,6-THA-4-0O-B-glucuronide, 2,6-DHA-2-O-B—glucuronide, 2,4-DHA-4-O- B-glucuronide, and
4-MHA-4-0- B-glucuronide. These metabolites were main factors responsible for BAIF which
were demonstrated in the subsequent studies. '

2. Insertion of transporter proteins into the apical canalicular membrane via vesicular transport is
one of several choleretic mechanisms. Based on different choleretic activities of HAs, the present
study aims to determine if these compounds stimulated vesicular transport in hepatocytes using
horseradish peroxidase (HRP), a marker of the transcytotic vesicle pathway. MHA which
stimulates BAIF, showed a dose-dependent increase in both the early (paracellular) and late
(transcellular) peak of HRP excretion in bile. THA, which stimulates both BADF and BAIF, did
not alter the pattern of HRP excretion into bile. However, DHA, which is more hydrophobic and
increases only BADF, decreased the late peak. The stimulating effects of MHA on bile flow and
HRP excretion were markedly inhibited by colchicine, suggesting that its choleretic action
involves stimulation of exocytosis, as well as increase in paracellular permeability. In contrast,
the lack of a stimulatory effect of THA and DHA on biliary HRP excretion suggested that their
choleretic action is not associated with vesicular exocytosis. These results demonstrate a variable
effect of hydroxyacetophenones on the transcytotic vesicular pathway reflecting different

choleretic mechanisms and therapeutic potential.
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3. The present study examined the underlying mechanism by which 4-hydroxyacetophenone (4-
HA), a bioactive compound found in several medicinal herbs, exerts its potent stimulatory effects
on hepatic bile secretion. In normal rats, MHA (4-HA) dramatically increased bile flow rate,
whereas it failed to exert a choleretic effect in TR rats that have a congenital defect in the
multidrug resistance-associated protein-2, Mrp2/Abcc2. This choleresis was not explained by
increased biliary output of Na®, K*, CI' or HCO3", or by increased biliary GSH excretion.
Depletion of hepatic GSH with buthionine sulfoximine had no effect on the 4-HA-induced
choleresis. HPLC analysis revealed that a single major compound was present in bile, namely
4-hydroxyacetophenone-4-O-B-glucuronide, and that the parent compound was not detected in
bile. Biliary excretion of the glucuronide was directly correlated with the increases in bile flow. In
contrast to normal rats, this 4-HA metabolite was not present in bile of TR’ rats. In conclusions,
these results demonstrate that the major biliary metabolite of 4-HA in rats is the 4-O-B-
glucuronide, a compound that is secreted into bile at high concentrations, and may thus account in
large part for the choleretic effects of 4-HA. Transport of this metabolite across the canalicular

membrane into bile requires expression of the Mrp2 transport protein.

4. The underlying mechanism by which THA induces bile secretion was conducted. THA
inhibited the excretion of typical multidrug resistance proteins 2 (Mrp 2) substrates. These results
suggest that its choleretic activity is mainly related to the increase in BAIF caused by the
excretion of osmotically active solutes via Mrp2. THA had no effect on the subcellular
localization and distribution of either Mrp2 or the bile salt export pump (Bsep), nof the integrity
of the tight junction. In contrast, the choleretic activity of THA was completely absent in the TR’
rat, an animal model that lacks Mrp2, directly implicating this canalicular export pump as the
mechanisms by which THA is excreted in bile. THA also partially reversed the cholestatic effects
of estradiol-17p-D-glucuronide (E,-17G) a process also dependent on Mrp2. In conclusion, the
choleretic activity of THA and its possible metabolites is dependent on Mrp2. THA appears to
stimulate BF by its osmotic effects, and may attenuate the cholestatic effects of hepatotoxins
undergoing biotransformation and excretion via similar pathways.

5. The effects of the choleretic and cholesterol lowering compound, 2,4,6-THA and its analog,
2,6-DHA, on ileal bile acid absorption were investigated in rats. THA inhibited taurocholate
(TC) uptake into ileal brush-border membrane vesicles (BBMV), showing a maximum inhibition
of 50%, whereas DHA completely inhibited TC uptake into ileal BBMV. THA exhibited
competitive inhibition with a Ki of 9.88 mM, while DHA showed non-competitive inhibition with
a Ki of 7.65 mM. Both tptal and ouabain-sensitive basolateral membrane (BLM) Na'—K'--ATPase

activities, which are essential for maintenance of the Na+-gradient for bile acid transport, were
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inhibited by THA and DHA in a dose-dependent manner. The inhibition of BLM ATPase was
uncompetitive with a Ki of 10.1 and 5.0 mM for THA and DHA, respectively. Administration of
THA or DHA (400 umol/kg) twice a day, to hypercholesterolemic rats for 3 weeks caused similar
and marked reductions in plasma cholesterol to 60% of the cholesterol-fed controls. The data
suggest that the inhibitory actions of THA and DHA on two essential components of ileal bile acid
recycling to liver could, in part, contribute to the cholesterol lowering effect of the
hydroxyacetophenone compounds. These effects on decreasing bile acid recycling, in combination
with their potent choleretic effect, accelerating biliary excretion of bile acids, are responsible for
the effective cholesterol lowering capacities of these compounds.

6. The effect of THA, a choleretic agent, on biliary excretion of MeHg was investigated in adult
male rats. Administration of MeHg into the portal vein immediately decreased bile secretion and
toxic to liver. Concurrent with the decreased bile flow rate by the MeHg, activities of plasma
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) in both plasma and bile were increased whereas hepatic and biliary glutathione (GSH)
contents were decreased. Administration of THA enhanced bile secretion in the MeHg-treated
animals but markedly reduced the biliary excretion of the mercury and GSH. However, the liver
GSH, Hg content and others toxic signs were not significantly altered. The biliary secretion of
GSH and Hg were further decreased after administration of THA in the GSH-depleted rats.
However, THA induced an increase in urine flow rate and enhanced Hg excretion in the urine. It
is suggested that THA modulated the hepatic excretion of mercury by diverting thé excretion to
other routes such as via urinary excretion. An understanding on the excretory mechanism of
mercury, and the actual interactions to the transport systems are essential for setting detoxification
strategies.

In conclusion, HAs, a bioactive compound found in several medicinal herbs including
Curcuma comosa, exerts potent stimulatory effects on hepatic bile secretion. Their choleretic
activities are mainly related to the increase in BAIF caused by the excretion of metabolites which
are osmotically active solutes via Mrp2. These HAs as well as plants containing HAs may have
therapeutic potential to attenuate the cholestatic effects of hepatotoxins undergoing
biotransformation and excretion via similar pathways. However, the formation of toxic compound
in the liver, its excretory mechanism and interactions to the transport systems are essential for

setting detoxification strategies using HAs.





