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Abstract—The lipid-lowering efficacy of hesperetin was revealed in preliminary studies on experimental animals. As such, the
current study compared the effect of hesperetin 7-O-lauryl ether, with that of hesperetin and lovastatin on the lipid profile and
cholesterol-regulating mechanism in high-cholesterol-fed rats. Male rats were fed a high-cholesterol diet (1%, wt/wt) or high-cho-
lesterol diet supplemented with lovastatin (1, 0.02%, wt/wt), hesperetin (2, 0.02%, wt/wt), or hesperetin 7-O-lauryl ether (3, 0.031%,
wt/wt) for six weeks. The supplemental amount of 3 was 0.066 mmol/100 g diet as an equivalent to the supplemental amount of 2.
The plasma total cholesterol and triglyceride levels were significantly lowered by the 2 and 3 supplements compared with the control
or 1-supplemented group. The hepatic HMG-CoA reductase activities were also significantly lower in all the supplemented groups
compared with the control group, and the hepatic ACAT activity was significantly lower in the 2- and 3-supplemented groups. The
supplementation of 3 resulted in a higher excretion of total neutral sterol and total fecal sterol compared with the control or
1-supplemented group. Accordingly, overall, compound 3, exhibited a more potent plasma lipid-lowering effect than compound
1 based on inhibiting cholesterol biosynthesis and esterification, while also increasing the fecal sterol excretion.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction synthesis, the methods of isolation and structural

Cardiovascular disease (CVD) is the primary chronic
disease afflicting industrialized societies today, and
hypercholesterolemia is considered a major risk factor in
the progression of coronary atherosclerosis and associ-
ated with an increase in the incidence of myocardial
ischemia and cardiac events.'

The inverse association of a high fruit and vegetable
intake with the risk of CVD mortality in numerous
epidemiologic studies>? has led to many hypotheses
regarding the physiologic role of flavonoids and an
extensive review of their natural occurrence and bio-
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elucidation, and their application in food and
pharmaceutical industries.*

Hesperidin (hesperetin-7-rutinoside), one of the most
abundant flavonoids from citrus fruits, such as lemons,
oranges, and grapefruit,> has already been reported to
exert pharmacological effects, such as capillary perme-
ability’ and antioxidant activity.® In a previous study by
the current authors, hesperidin and its aglycone, hes-
peretin, were found to reduce the levels of plasma cho-
lesterol in rats fed a cholesterol-enriched diet.”!

Numerous in vitro studies have revealed a close rela-
tionship between the chemical structure and biologic
activity of flavonoids,'"'?> whereby their basic structure
can be modified to increase or decrease their biologic
activity.”> As such, recent interest has focused on
synthesizing a functional derivative with more potent
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Figure 1. Structures of compounds 1, 2, and 3.

hypocholesterolemic activity than compound 2, and
fellow researchers found that hesperetin 7-O-lauryl ether
(3), which possesses a long alkyl chain linked to the 7-
hydroxyl position of hesperetin (2) (Fig. 1), lowered the
plasma total cholesterol level in high-cholesterol-fed
C59BC/6J mice in a preliminary screening test.'* Lova-
statin (1), a secondary metabolite of Aspergillus terreus,
is an effective hypocholesterolemic agent that belongs to
the new class of cholesterol-lowering agents, which in-
hibit HMG-CoA reductase, the rate-limiting conversion
of HMG-CoA to mevalonate in cholesterol biosynthetic
pathway."> Accordingly, the current study examined the
effect of compound 3 in high-cholesterol-fed rats, its
cholesterol-regulating enzyme activity, plasma and tis-
sue lipid profile, and excretion of sterol in comparison to
1 and 2.

2. Results
2.1. Food intake, weight gain, and organ weights

There were no differences in the weight gain and food
intake among the groups (Table 1), indicating no effect
from the dietary supplements. The liver and kidney
weights were also not different among the groups, yet
the heart weight was significantly lower in the 2- and 3-
supplemented groups than in the 1-supplemented group.

2.2. Plasma and hepatic lipids

The supplementation of 2 and 3 significantly lowered
the plasma total cholesterol (2.85+0.18 and
2.70 £ 0.12 mmol/L vs 4.09 = 0.16 mmol/L, p < 0.05) and
triglyceride (0.89+0.06 and 0.86%0.05mmol/L vs
1.21 £0.07mmol/L, p < 0.05) concentrations compared
to the control group (Table 2). The HDL-cholesterol
concentration was not different among the groups, yet
the supplementation of 2 and its derivative, compound
3, significantly raised the HDL-C/total-C ratios com-
pared to the control group. Accordingly, 2 and 3 sig-
nificantly lowered the atherogenic index compared to
the control group. The hepatic cholesterol content was
significantly lower in the 2-supplemented group than in
the control group, and slightly lower in the 3-supple-
mented group. The hepatic triglyceride content was not
significantly different among the groups (Table 3).

2.3. Hepatic HMG-CoA reductase and ACAT activities

The hepatic HMG-CoA reductase activity was signifi-
cantly lower in all the experimental groups (1, 2, and 3)
compared to the control group (150£9, 1495, and

Table 1. Effect of supplementation with compound 3 on food intake, weight gain, and organ weights in high-cholesterol-fed rats*

Group Weight gain (g/day) Food intake (g/day) Organ weights

Liver (g) Heart (g) Kidney (g)
Control 8.48+0.10N 29.03+0.178 4.57£0.11N8 0.32£0.01%° 0.76 £0.01NS
1 8.12+0.18 28.95+0.19 4.57+0.23 0.34+0.01* 0.7410.02
2 8.32%0.16 29.27%0.21 4.47+0.15 0.30£0.01° 0.71+0.01
3 8.26%£0.19 29.43%0.19 435%+0.13 0.31£0.01° 0.71%0.01

NSNot significantly different (p < 0.05) between groups.
1: lovastatin, 2: hesperetin, 3: hesperetin 7-O-lauryl ether.

a®Means in the same column not sharing a common superscript are significantly different (p < 0.05) between groups.

“Mean * SE.

Table 2. Effect of supplementation with compound 3 on plasma lipids in high-cholesterol-fed rats*

Group TC (mmol/L) TG (mmol/L) HDL-C (mmol/L) HDL-C/TC (%) Atherogenic index
Control 4.0910.16* 1.21£0.07¢ 0.82+0.05N8 20.05+1.15° 4.00%0.35°

1 3.85+£0.28* 1.35+£0.122 0.86£0.04 22.25+2.43* 3.50 £ 0.564°

2 2.85%0.18° 0.89 £0.06° 0.82+0.03 28.59+1.93° 2.50+0.24°

3 2.70£0.12° 0.86+0.05° 0.81£0.05 30.02 £2.60° 2.38+0.33°

NSNot significantly different (p < 0.05) between groups.

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; atherogenic index: (total cholesterol - HDL-cholesterol)/HDL-

cholesterol; 1: lovastatin, 2: hesperetin, 3: hesperetin 7-O-lauryl ether.

3®Means in the same column not sharing a common superscript are significantly different (»p < 0.05) between groups.

“Mean * SE.



G.-S. Choi et al. | Bioorg. Med. Chem. 12 (2004) 3599-3605 3601

Table 3. Effect of supplementation with compound 3 on hepatic lipids
in high-cholesterol-fed rats*

Group Total cholesterol Triglyceride (mmol/g)
(mmol/g)

Control 0.53+0.02* 0.20+£0.01N8

1 0.41£0.01° 0.20+0.02

2 0.43£0.03° 0.19+0.02

3 0.48 £0.04%> 0.20+0.02

NSNot significantly different (p < 0.05) between groups.

1: lovastatin, 2: hesperetin, 3: hesperetin 7-O-lauryl ether.

4®Means in the same column not sharing a common superscript are
significantly different (p < 0.05) between groups.

“Mean * SE.
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Figure 2. Effect of supplementation with compound 3 on hepatic
HMG-CoA reductase (A) and ACAT (B) activities in high-cholesterol-
fed rats. Mean* SE. The means not sharing a common letter are
significantly different between groups (p < 0.05). Compounds 1: lova-
statin, 2: hesperetin, 3: hesperetin 7-O-lauryl ether.

142 + 6 pmol/min/mg protein vs 181 % 10 pmol/min/mg
protein, p < 0.05), while the ACAT activity was signif-
icantly lower in the 2- and 3-supplemented groups
compared to the control group (Fig. 2). Thus, com-
pound 3 was found to inhibit both hepatic cholesterol
biosynthesis and esterification.

2.4. Fecal sterols

Acidic sterol excretion was higher in the 2- and 3-sup-
plemented groups than in the control and 1-supple-
mented group, whereas the total neutral sterol excretion
was significantly higher in the 3-supplemented group.
Thus, the combined fecal excretion level of neutral sterol
(cholesterol, coprostanol, and coprostanone) and acidic
sterol was significantly higher in the 2- and 3-supple-
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Figure 3. Effect of supplementation with compound 3 on fecal sterol
content in high-cholesterol-fed rats. The daily neutral sterol excretion
was calculated based on the sum of the cholesterol, coprostanol, and
coprostanone from the gas chromatographic peaks, while the bile acids
were measured using an enzymatic method to represent the total bile
acids. The total fecal sterol refers to the sum of the neutral sterols and
bile acids. Mean = SE. The means not sharing a common letter are
significantly different between groups (p < 0.05). Compounds 1: lova-
statin, 2: hesperetin, 3: hesperetin 7-O-lauryl ether.

mented groups by 116% and 139%, respectively, when
compared to the control group (Fig. 3).

3. Discussion

The relation between elevated plasma cholesterol levels
and the risk of coronary heart disease (CHD) has
already been established in numerous large-scale epi-
demiologic trials.'® The regulation of plasma cholesterol
levels involves factors that influence both the extracel-
lular and intracellular cholesterol metabolism. A num-
ber of cholesterol-lowering drugs are already available
for use in humans,'”!® plus, the last decade has seen the
development of a new class of agents that specifically
inhibits 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)
reductase.’® Current clinical data on HMG-CoA
reductase inhibitors also demonstrate their efficacy and
safety in treating hypercholesterolemia and improving
long-term morbidity and mortality related to CHD.?

The role of naringenin and the structurally related citrus
flavanone, hesperetin, in the prevention and treatment
of disease has also recently received considerable
attention,”’ with particular interest in the use of these
flavanones as anticancer’> and antiatherogenic* com-
pounds. A previous report by the current authors al-
ready speculated on the cholesterol-lowering action of a
0.02% (wt/wt) compound 2 diet via the inhibition of
HMG-CoA reductase and acyl-CoA: cholesterol acyl-
transferase (ACAT) activities in high-cholesterol-fed
rats.!”

In a recent report by Jeong et al.,'* ester and ether
derivatives of 2, with a different lipophilic chain length
connected to the 7-hydroxyl position of 2, were syn-
thesized to study the relationship between the structure
and the hypocholesterolemic activity. The ether deriva-
tives of 2 showed more potent activities than the ester
derivatives, and hesperetin 7-O-ether analogues with
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lauryl and oleyl moieties exhibited strong cholesterol-
lowering activities.

Meanwhile, in the present study, supplementation with 2
and 3 was found to lower the plasma cholesterol and
triglyceride levels in rats fed a high-cholesterol diet, plus
this cholesterol-lowering action was also accompanied
by the inhibition of hepatic HMG-CoA reductase and
ACAT activities and an elevation of fecal sterol excre-
tion. In the plasma lipids, the HDL-C/total-C ratio was
higher in the 2- and 3-supplemented groups than in the
control group due to a reduction of the total cholesterol
concentration. Consequently, the atherogenic index was
significantly lowered by the 2 and 3 supplements. As
such, compound 3 appeared to be as potent as com-
pound 2 in lowering the atherosclerotic risk based on the
HDL-C/total-C ratio and atherogenic index.

The two key enzymes involved in regulating cholesterol
metabolism are HMG-CoA reductase, the rate-limiting
enzyme in the cholesterol biosynthetic pathway, and
ACAT, the cholesterol-esterifying enzyme in tissue,
including the liver. The inhibition of HMG-CoA
reductase reduces cholesterol synthesis and its inhibitors
are very effective in lowering serum cholesterol in most
animal species, including humans.?*2® The blockade of
cholesterol synthesis by an inhibitor of HMG-CoA
reductase results in a lower intracellular supply of cho-
lesterol, thereby triggering an over-expression of hepatic
LDL receptors and enhancing the clearance of circu-
lating LDL particles.?”’ ACAT is primarily responsible
for the esterification of cholesterol in all mammalian
cells and has been implicated as a key enzyme involved
in cholesterol absorption, VLDL secretion, and the
formation of lipid-filled macrophages and smooth
muscle cells.?® Inhibition of ACAT has been shown to
limit atherosclerotic lesion development, cholesteryl es-
ter (CE) enrichment, and monocyte-macrophage foam
cell involvement.? Thus, ACAT inhibitors are also ex-
pected to be cholesterol-lowering and antiatheroscle-
rotic agents. In this study, the hepatic HMG-CoA
reductase activity was significantly lower in all the
experimental groups (1, 2, and 3) compared to the
control group, while the ACAT activity was significantly
lower in the 2- and 3-supplemented groups compared to
the control group. Interestingly, compound 3 was found
to inhibit both hepatic HMG-CoA reductase and ACAT
activities.

Hepatic ACAT utilizes cholesterol as its substrate,
which is either synthesized endogenously or acquired via
the LDL and chylomicron remnant receptors. Wilcox
et al.’® recently reported that compound 2 decreases the
availability of lipids for the assembly of apoB-contain-
ing lipoproteins in a cell culture of HepG2 by reducing
the activities of ACAT1 and ACAT2, and selectively
decreases ACAT expression along with an enhanced
expression of LDL-receptors and an inhibition of
microsomal triglyceride transfer protein (MTP) activity.
The treatment of different species with tissue-selective
inhibitors of ACAT has led to variable decreases in the
plasma cholesterol content.?'* Accordingly, the present
study indicated that the supplementation of 2 or 3 sig-

nificantly lowered hepatic cholesterol biosynthesis and
esterification, leading to hypocholesterolemic effects.
Borradaile and co-workers** provided evidence that 2
not only decrease cholesterol synthesis but also inhibit
ACAT activity in vitro. Other researchers have already
reported that high concentrations of HMG-CoA
reductase inhibitors can inhibit ACAT,* presumably by
limiting the free cholesterol pool available for esterifi-
cation.

The hepatic cholesterol content was lower in the 1- and
2-supplemented groups than in the control group, and
slightly lower in the 3-supplemented group. In the cur-
rent study, although the hepatic triglyceride content did
not differ significantly among the groups, the plasma
triglyceride concentration was lower in the 2- and 3-
supplemented groups. As such, the reduced ACAT
activity in these groups may have led to less CE being
available for VLDL packing, thereby resulting in a
reduction of VLDL secretion from the liver, as sug-
gested by Carr et al.’® Thus, the inhibition of hepatic
ACAT may be one of the mechanisms through which
compounds 2 and 3 exert their hypocholesterolemic
effects.

The fecal neutral sterol and acidic sterol excretion were
both highest in the 3-supplemented group among the
groups, as shown in the total fecal sterol. Thus, it is
speculated that the elevated fecal bile acid excretion
lowered the reabsorption of bile acid by the enterohe-
patic circulation, thereby lowering the bile acid pool and
activating the bile acid-synthesizing enzyme in the liver.
As an increase of bile acid excretion with a simultaneous
inhibition of HMG-CoA reductase may stimulate the
removal of blood cholesterol in vivo, the increased uti-
lization of hepatic cholesterol seemed to result in a lower
plasma cholesterol concentration. In addition, it would
appear that the decrease in the plasma cholesterol con-
centration resulting from the compounds 2 and 3 sup-
plements may have been due to the increased fecal
sterol, which in turn led to a decreased absorption of
dietary cholesterol. Although the intestinal ACAT
activity was not measured in the current study, intestinal
ACAT inhibitors are expected to reduce the plasma
cholesterol level by inhibiting the intestinal esterification
of cholesterol, thereby lowering cholesterol absorption
in the small intestine.’” Some ACAT inhibitors exhibit
tissue specificity for both the intestine and the liver.?®

4. Conclusion

The major implication of the current study is that sup-
plementation with compound 3 markedly lowered the
plasma total cholesterol and improved the fecal sterol
excretion in high-cholesterol-fed rats. The plasma lipid-
lowering action of 2 and 3 seemed to be due to the
inhibition of hepatic HMG-CoA reductase and ACAT
activities and increased fecal sterol excretion. Accord-
ingly, supplementation with compound 2 and its syn-
thetic derivative, 3 (0.066 mmol/100 g diet) may provide
potential benefits to animals fed a high-cholesterol diet
through improving the lipid metabolism. Compound 3
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also appeared to be an inhibitor of HMG-CoA reduc-
tase and ACAT activities and modulator of fecal sterol
excretion in high-cholesterol-fed rats. However, more
extensive investigation of compound 3 is still required to
further elucidate the usefulness of this synthetic hes-
peretin derivative in animal models and humans.

5. Experimental
5.1. Synthesis of hesperetin 7-O-lauryl ether (3)

Compound 3'* was derived from compound 2. A mix-
ture of compound 2 (2.0 g, 6.6 mmol), 1-bromododecane
(1.9g, 7.6 mmol), and Na,CO; (1.0g, 9.4mmol) was
maintained at 80 °C for 14 h. The reaction mixture was
then cooled to room temperature, diluted with water,
extracted with ethyl acetate, washed with water, dried
over MgSQy,, and concentrated in vacuo. Thereafter, the
resultant solid was recrystallized from petroleum ether
to yield 1.8 g of product, while the mother liquid was
concentrated and chromatographed on a silica gel (6:1
hexane/EtOAc) to afford 0.5 g of additional product.

5.2. Spectral data of hesperetin 7-O-lauryl ether (3)

The structure of compound 3 was confirmed by NMR
spectra. The 'H and *C NMR spectra were recorded on
a Varian Mercury 400 NMR spectrometer using the
solvent peak as a reference (‘H 7.25ppm and "3C
77.0 ppm of CDCls, respectively), while the HRFABMS
was recorded on a high-resolution mass (JMS-700
Mstation, Jeol 1D) spectrometer. The structure was
confirmed as shown in Figure 1. Compound 3 (hes-
peretin 7-O-lauryl ether): yellow solid; 'H NMR
(400 MHz, CDCl;) ¢ 12.01 (s, 1H), 7.04 (d, J = 2.0 Hz,
1H), 6.93 (dd, J = 8.4, 2.0Hz, 1H), 6.88 (d, J = 8.0Hz,
1H), 6.05 (d, J = 2.0Hz, 1H), 6.03 (d, J = 2.8 Hz, 1H),
5.32(dd,J = 12.8, 2.8 Hz, 1H), 3.95 (t, J = 6.4 Hz, 2H),
3.91 (s, 3H), 3.07 (dd, J = 17.2, 2.8 Hz, 1H), 2.77 (dd,
J =17.2,2.8Hz, 1H), 1.75 (m, 2H), 1.26 (m, 18H), 0.88
(t, J =6.4Hz, 3H); C NMR (100 MHz, CDCl;) ¢
196.1, 167.8, 164.3, 163.0, 147.2, 146.1, 131.8, 1184,
112.9, 110.8, 103.2, 95.8, 94.8, 79.1, 68.8, 56.3, 43.4,
32.1, 29.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.1, 26.1, 22.9,
14.4ppm; HRFABMS m/z found for 471.2751 (calcd
for C28H3906 4712747)

5.3. Animals and diets

Forty male Sprague-Dawley rats weighing between 50
and 55 g were purchased from Bio Genomics Inc. (Seoul,
Korea), which shares research technology on the com-
mercial production of experimental animals with the
Charles Rivers Laboratory (Wilmington, USA). The
animals were individually housed in stainless steel cages
in a room with controlled temperature (24°C) and
lighting (alternating 12h periods of light and dark).
Upon arrival, all the rats were fed a pelletized com-
mercial chow diet for 10days and then randomly di-
vided into four groups (n = 10). The rats were fed a 1%

(wt/wt) high-cholesterol diet (control diet) or a diet
supplemented with 1 (0.02% wt/wt), 2 (0.02% wt/wt), or
3 (0.03% wt/wt) for six weeks. The amount of 2 included
in the diet was based on the results of a previous study,'!
which were also used to determine an equivalent amount
of 3 at 0.066 mmol/100 g diet. The composition of the
experimental diet was based on the AIN-76 semisyn-
thetic diet.?*4

The animals were given food and distilled water ad
libitum throughout the experimental period. The food
consumption and weight gain were measured daily and
weekly, respectively. The feces were collected during the
last three days using metabolic cages and used to
determine the fecal sterol. At the end of the experimental
period, the rats were anesthetized with Ketamine fol-
lowing a 12h fast. Blood samples were collected from
the inferior vena cava to determine the plasma lipid
profile, plus the livers were removed and rinsed with
physiological saline. All samples were stored at —70°C
until analyzed.

5.4. Plasma and hepatic lipids

The plasma cholesterol and HDL-cholesterol concen-
trations were determined using a commercial kit (Sigma)
based on a modification of the cholesterol oxidase
method of Allain et al.*' The HDL-fractions were sep-
arated using a Sigma kit based on the heparin-manga-
nese precipitation procedure.*? The plasma triglyceride
concentrations were measured enzymatically using a kit
from Sigma Chemical Co., a modification of the lipase-
glycerol phosphate oxidase method.* The hepatic lipids
were extracted using the procedure developed by Folch
et al.* The dried lipid residues were dissolved in 1 mL of
ethanol for the cholesterol and triglyceride assays. Tri-
ton X-100 and a sodium cholate solution (in distilled
H,0) were added to 200 uL of the dissolved lipid solu-
tion to produce final concentrations of 5g/L and
3mmol/L, respectively. The hepatic cholesterol and tri-
glycerides were analyzed with the same enzymatic kit as
used in the plasma analysis.

5.5. HMG-CoA reductase and ACAT activities

The microsomes were prepared according to the method
developed by Hulcher and Oleson* with a slight mod-
ification. Two grams of liver tissue were homogenized in
8 mL of an ice-cold buffer (pH 7.0) containing 0.1 M of
triethanolamine, 0.02 M of EDTA, and 2mM of dithio-
threitol, pH 7.0. The homogenates were centrifuged for
10 min at 10,000g and then at 12,000g at 4 °C. Next, the
supernatants were ultracentrifuged twice at 100,000g for
60 min at 4°C. The resulting microsomal pellets were
then redissolved in 1 mL of a homogenation buffer for
protein determination*® and finally analyzed for HMG-
CoA reductase and ACAT activities.

Using freshly prepared hepatic microsomes, the HMG-
CoA reductase activities were determined by slightly
modifying the method of Shapiro et al.¥’ An incubation
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mixture (120 uL) containing microsomes (100-150 pg)
and 500 nmol of NADPH (dissolved in a reaction buffer
containing 0.1 M of tricthanolamine and 10mM of
EDTA) was preincubated at 37°C for Smin. Next,
50nmol of [“CJHMG-CoA (specific activity;
2.1420 GBg/mmol; NEM™ Life Science Products, Inc.,
Boston, MA) was added and the incubation continued
for 15min at 37°C. The reaction was terminated by the
addition of 30 uL of 6 M HCI, then the resultant reac-
tion mixture was incubated at 37 °C for a further 15 min
to convert the mevalonate into mevalonolactone.
Thereafter, the incubation mixture was centrifuged at
10,000g for 5min, and the supernatant spotted on a
Silica Gel 60 F,s4, TLC plate with a mevalonolactone
standard. The plate was then developed in benzene/
acetone (1:1, v/v) and air-dried. Finally, the R; 0.3-0.6
region was removed by scraping using a clean razor
blade, and the '“C radioactivity determined using a
liquid scintillation counter (Packard Tricarb 1600TR;
Packard Instrument Company, Meriden, CT). The
results were expressed as pmol mevalonate synthesized
per min per mg protein.

Using freshly prepared hepatic microsomes, the ACAT
activities were determined according to the method
developed by Erickson et al.¥ and modified by Gillies
et al.¥ To prepare the cholesterol substrate, 6mg of
cholesterol and 600 mg of Tyloxapol (Triton WR-1339,
Sigma) were each dissolved in 6 mL of acetone, mixed
well, and completely dried in N, gas. The dried substrate
was then redissolved in 20 mL of distilled water to a final
concentration of 300 pug of cholesterol/mL. Next, reac-
tion mixtures containing 20 pL. of a cholesterol solution
(6 ug of cholesterol), 20 uL of a 1M potassium-phos-
phate buffer (pH7.4), SuL of 0.6mM bovine serum
albumin, 50-100 ug of the microsomal fraction, and
distilled water (up to 180 pL) were preincubated at 37 °C
for 30 min. The reaction was then initiated by adding
5 nmol of [*CJoleoyl-CoA (specific activity; 2.0202 GBq/
mmol; NEM™ Life Science Products, Inc.) to a final
volume of 200 pL; the reaction time was 30 min at 37 °C.
The reaction was stopped by the addition of 500 pL of
isopropanol/heptane (4:1, v/v), 300 uL of heptane, and
200 pL of 0.1 M potassium phosphate (pH 7.4), then the
reaction mixture was allowed to stand at room tem-
perature for 2min. Finally, an aliquot (200 uL) of the
supernatant was subjected to scintillation counting. The
ACAT activity was expressed as pmol cholesteryl oleate
synthesized per min per mg protein.

5.6. Fecal sterols

The fecal neutral sterols were determined using a sim-
plified micro-method developed by Czubayk et al.’*® The
gas-liquid chromatography was carried out using a
Hewlett-Packard gas chromatograph (Model 5890; Palo
Alto, CA) equipped with a hydrogen flame-ionization
detector and Sac™-5 capillary column (30 mx0.25 mm
1.d., 0.25 um film; Supelco Inc., Bellefonate, PA, USA).
Helium was used as the carrier gas, the temperatures
were set at 230 °C for the column and 280°C for the
injector/detector temperature, and 5-o-cholestane (Su-

pelco Inc.) was used as the internal standard. The daily
neutral sterol excretion was calculated based on the sum
of the cholesterol, coprostanol, and coprostanone found
in each sample. The fecal bile acid was extracted with
tert-butanol and quantified enzymatically with 3-a-hy-
droxysteroid dehydrogenase.’!

5.7. Statistical analysis

All data is presented as the mean £ SE. The data was
evaluated by one-way ANOVA using an SPSS program,
and the differences between the means assessed using
Duncan’s multiple-range test. Statistical significance was
considered at p < 0.05.
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