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Statins (3-hydroxy-3-methylglutarylcoenzyme A reductase inhibitors),
apart from lowering plasma cholesterol, modulate other processes involved
in atherogenesis. The aim of this study was to investigate the effect of a natu-
ral statin, pravastatin, and of the synthetic one, fluvastatin, on plasma par-
aoxonase 1 (PON1), the antioxidant enzyme contained in plasma high-den-
sity lipoproteins. The adult male Wistar rats received either pravastatin (4 or
40 mg/kg/day) or fluvastatin (2 or 20 mg/kg/day) for 3 weeks. Then, plasma
PON1 activity, lipid peroxidation products and total antioxidant capacity
were assayed. Fluvastatin at a dose of 20 mg/kg/day decreased paraoxon-
hydrolyzing activity of PON1 by 23.6% and its phenyl acetate-hydrolyzing
activity by 17.4%. Lower dose of this drug as well as either dose of pravastatin
had no effect on these activities. Fluvastatin at doses of 2 and 20 mg/kg/day
decreased �-decanolactone-hydrolyzing activity of plasma by 19.1% and
30.9%, respectively. Statins had no effect on either total or HDL-cholesterol
but markedly reduced plasma triglycerides. Fluvastatin had a more marked
antioxidant activity, as evidenced by significant reduction of plasma concen-
tration of malonyldialdehyde + hydroxydialkenals and lipid hydroperoxides,
as well as by elevation of total plasma antioxidant capacity and plasma con-
centration of reduced sulfhydryl groups. These results suggest that fluvasta-
tin but not pravastatin decreases plasma PON1 activity in normolipidemic
rats, however, the former drug is more effective in reducing the level of oxi-
dative stress.
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Abbreviations: AE – arylesterase, ALT – al-
anine aminotransferase, AST – aspartate amino-
transferase, apo A-I – apolipoprotein AI, FRAP –
ferric reducing ability of plasma, 4-HDA – 4-hy-
droxydialkenals, HDL – high density lipoproteins,
HMG-CoA – 3-hydroxy-3-methylglutaryl-coen-
zyme A, LDL – low density lipoproteins, MDA –
malonyldialdehyde, PON1 – paraoxonase 1

INTRODUCTION

Inhibitors of 3-hydroxy-3-methylglutaryl-coen-
zyme A (HMG-CoA) reductase (statins) are widely
used as cholesterol-lowering drugs in patients with
hyperlipidemia. These compounds inhibit the activ-
ity of enzyme converting HMG-CoA to mevalo-
nate, which is a rate-limiting step in cholesterol
synthesis. Treatment with statins markedly reduces
cardiovascular morbidity and mortality [43, 46].
Apart from reducing plasma cholesterol, HMG-CoA
reductase inhibitors have beneficial effect on many
other processes involved in atherogenesis, such as
vascular inflammatory reaction, migration and pro-
liferation of vascular smooth muscle cells, endo-
thelium-dependent vasorelaxation and oxidative
stress [24, 51, 56]. These “pleiotropic” activities of
statins result from their inhibitory effect on biosyn-
thesis of nonsteroid products of mevalonate casca-
de, such as farnesyl- and geranylgeranylpyrophos-
phate, which modulate intracellular signal trans-
duction mechanisms by isoprenylation of proteins
[26, 27, 30]. Therefore, the beneficial effect of
statins is observed not only in hyperlipidemia but
also in subjects with normal cholesterol concentra-
tion [14, 42, 53].

Paraoxonase 1 (PON1) is synthesized in the
liver and circulates bound to plasma high-density
lipoproteins (HDL). The enzyme inhibits athero-
genesis by preventing the oxidation of low density
lipoproteins (LDL). PON1 hydrolyzes phospho-
lipid hydroperoxides and cholesterol ester hydro-
peroxides (esterase activity) and reduces lipid hy-
droperoxides to the respective hydroxides, as well
as degrades hydrogen peroxide (peroxidase activ-
ity). PON1 also protects HDL from peroxidation
and, thus, improves reverse cholesterol transport. It
is also suggested that PON1 protects plasma mem-
branes from free radical injury. [16]. Recent studies
indicate that PON1 possesses lactonase activity and
is involved in the metabolism of drugs such as
statins, spironolactone and glucocorticoid lactones

[9]. Finally, the enzyme hydrolyzes homocysteine
thiolactone and prevents protein homocysteinyla-
tion, the process involved in atherogenesis [22].
Two closely related proteins: PON2 and PON3 have
been identified. PON3 is also contained in HDL
particles [15, 39], whereas PON2 is not detectable
in plasma but is expressed in many tissues [36].
Both PON2 and PON3 possess antioxidant proper-
ties and lactonase activity, but unlike PON1, lack
paraoxon- or phenyl acetate-hydrolyzing activity.

Recently, we have demonstrated that cerivastatin
reduces plasma PON1 activity in the rat [6]. Be-
cause this drug has been withdrawn from the mar-
ket, it is interesting whether other HMG-CoA re-
ductase inhibitors share this potentially unfavor-
able effect. In this study, we investigated the effect
of two other structurally unrelated statins: pravasta-
tin and fluvastatin, on plasma PON1. These drugs
were chosen because they represent two major
groups of HMG-CoA reductase inhibitors, natural
and synthetic ones, respectively. The second pur-
pose of the present study was to evaluate the effect
of statins on lactonase activity of plasma PON1,
which is important in atheroprotection and drug
metabolism. Finally, we investigated the effect of
these drugs on oxidant-antioxidant balance and plas-
ma lipid profile. Because hyperlipidemia reduces
PON1 activity [16], in hyperlipidemic animals sta-
tins could modify this enzyme indirectly, by cor-
recting plasma lipid profile. Therefore, the present
study was performed in normolipidemic rats.

MATERIALS and METHODS

All studies were performed on adult male Wis-
tar rats weighing before treatment 324 ± 6 g. The
animals were kept at a temperature of 20 ± 2°C and
had free access to food and tap water before and
throughout the experiment. The study protocol was
reviewed and approved by the Animal Care and
Use Committee of the Medical University in Lublin.

Pravastatin (Lipostat) was obtained from Bris-
tol-Myers Squibb (Anagni, Italy), and fluvastatin
sodium (Lescol) from Novartis Pharma AG (Basel,
Switzerland). Until otherwise stated, all other rea-
gents were from Sigma-Aldrich (St. Louis, MO,
USA).

The animals were randomized into 5 groups:
1) control group, 2) group receiving pravastatin at
a dose of 4 mg/kg/day, 3) group receiving pravasta-
tin at a dose of 40 mg/kg/day, 4) group treated with
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fluvastatin at a dose of 2 mg/kg/day, and 5) group
treated with fluvastatin at a dose of 20 mg/kg/day.
The drugs were mixed with food, chow consump-
tion was monitored and recorded daily and the
amount of drugs added was adjusted to maintain
the constant intake.

After 21 days of drug administration, the ani-
mals were anesthetized with pentobarbital (50 mg/kg
ip) and the blood from abdominal aorta was col-
lected into heparinized tubes (for PON1 assay) and
into EDTA-containing tubes (for the remaining as-
says). Blood was centrifuged for 5 min at 1 000 × g
at 4°C, plasma was separated, frozen and stored at
–25°C until analysis. The liver was excised for the
measurement of lipid peroxidation products, frozen
immediately in dry ice and stored at –25°C. The
animals were sacrificed by a lethal dose of pento-
barbital.

The combined concentration of malonyldialde-
hyde (MDA) and 4-hydroxydialkenals (4-HDA)
was measured by the spectrophotometric method
based on Bioxytech LPO-586 assay kit [32]. Lipid
hydroperoxides in plasma were assayed by the
method of Naurooz-Zadeh et al. [34]. Total plasma
antioxidant capacity determined by nonenzymatic
antioxidants was measured according to the FRAP
method (ferric reducing ability of plasma) [7].
These assays have been described in details in our
previous paper [6]. Because reduced sulfhydryl
groups of glutathione and plasma proteins also
have antioxidant properties but have very low ac-
tivity in the FRAP method [11], we also determi-
ned total (protein-bound and non-protein) plasma
-SH groups by the method of Ellmann [45]. In
brief, 50 �l of plasma was mixed with 150 �l of 0.2
M Tris-HCl (pH 8.2) containing 20 mM EDTA and
with 10 �l of 5,5’-dithiobis-(2-nitrobenzoic acid)
(DTNB, 10 mM solution in methanol). Then, 790 �l
of methanol was added, the sample was incubated
at a room temperature for 15 min, centrifuged at
3000 × g for 15 min and the absorbance of the su-
pernatant was read at 412 nm. The absorbance of
sample blank (without DTNB) and of reagent blank
(without plasma) was subtracted and the concentra-
tion of sulfhydryl groups was calculated from the
standard curve prepared using known concentra-
tions of cysteine. Sulfhydryl groups are oxidized by
reactive oxygen species and their concentration is
expected to fall following oxidative stress.

PON1 activity toward paraoxon (diethyl-p-nitro-
phenyl phosphate) was determined by measuring

the initial rate of substrate hydrolysis to p-nitrophe-
nol, which absorbance was monitored at 412 nm in
the assay mixture (800 �l) containing 2.0 mM par-
aoxon, 2.0 mM CaCl� and 20 �l of plasma in
50 mM Tris-HCl buffer (pH 8.0). The blank sample
containing incubation mixture without plasma was
run simultaneously to correct for spontaneous sub-
strate breakdown. The enzyme activity was calcu-
lated from E$%� of p-nitrophenol (18 290 M&% cm&%)
and was expressed in U/ml; 1 U of enzyme hydro-
lyzes 1 nmol of paraoxon/minute [5, 44].

PON1 activity toward phenyl acetate (aryles-
terase activity, AE) was determined by measuring
the initial rate of substrate hydrolysis in the assay
mixture (3 ml) containing 2 mM substrate, 2 mM
CaCl� and 10 �l of plasma in 50 mM Tris-HCl
(pH 8.0). The absorbance was monitored for 3 min
at 270 nm. Blank sample prepared as described
above but without plasma, representing nonenzy-
matic hydrolysis, was subtracted and the activity
was calculated from E�'� = 1310 M&% cm&%. The re-
sults are expressed in U/ml, 1 U of arylesterase hy-
drolyzes 1 �mol of phenyl acetate per minute [5, 44].

The hydrolysis of �-decanolactone was measu-
red in the 2 mM HEPES buffer (pH 8.0) containing
1 mM CaCl�, 0.004% phenol red, 0.005% bovine
serum albumin and 1 mM substrate (from 100 mM
stock solution in methanol). The increase in absor-
bance was monitored at 422 nm after addition of
sample and the rate of hydrolysis was calculated
from the calibration curve obtained using known
amounts of HCl. The activity was expressed in
�moles of acid produced by 1 ml of serum during
1 min [9]. All PON1 measurements were perfor-
med at the room temperature.

Slices of liver tissue were thawed, homogeni-
zed in 10 volumes of 20 mM Tris buffer (pH 7.4)
containing 5 mM butylated hydroxytoluene and
20 mM EDTA to inhibit lipid peroxidation in vitro.
The homogenate was centrifuged at 10 000 × g for
10 min. The concentrations of MDA+4-HDA and
-SH groups in the supernatant were assayed as de-
scribed above. The results are expressed in pmol/mg
protein (MDA+4-HDA) and in nmol/mg protein
(-SH groups). Protein concentration in the super-
natant was assayed by the method of Lowry et al.
[28].

Plasma triglycerides and total cholesterol were
assayed using Sigma-Aldrich kits (Infinity Trigly-
cerides Reagent, Cat. No 343 and Infinity Choles-
terol Reagent, Cat. No 401, respectively). HDL cho-
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lesterol was assayed after precipitation of other
lipoproteins with the solution containing phospho-
tungstic acid (6.1 mM) and MgCl� (20 mM).

The activities of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were assayed
by a colorimetric method using Sigma-Aldrich kit
(Cat. No 505) and expressed in IU/ml, 1 IU is the
amount of enzyme which converts 1 �mol of sub-
strate/ per minute.

Data are presented as mean ± SEM from 8 ani-
mals in each group. Statistical significance was
evaluated by ANOVA followed by Duncan’s multi-
ple range test for comparisons of different means.
A p-value less than 0.05 was considered signifi-
cant.

RESULTS

Administration of statins had no effect on food
intake, water intake and body weight. The final
body weight was 328 ± 9 g in the control group,
331 ± 20 g in the group receiving 4 mg/kg/day of
pravastatin, 336 ± 7 g in the group treated with
40 mg/kg/day of pravastatin, 313 ± 13 g in the ani-
mals treated with 2 mg/kg/day of fluvastatin, and
313 ± 6 g in the group receiving 20 mg/kg/day of
fluvastatin.

Pravastatin administration had no effect on
plasma PON1 activity toward paraoxon. In con-
trast, fluvastatin at a dose of 20 mg/kg/day de-
creased plasma PON1 activity by 23.6%. Lower
dose of fluvastatin did not change PON1 activity
toward this substrate (Fig. 1). PON1 activity to-
ward phenyl acetate was unchanged in rats treated
with either dose of pravastatin but was significantly
reduced (–17.4%) in animals receiving high dose of
fluvastatin (Fig. 1). Pravastatin tended to decrease
�-decanolactone hydrolyzing activity of plasma,
however, the effect was not significant. Fluvastatin
administration dose-dependently lowered �-decano-
lactonase activity. This activity decreased follow-
ing 2 mg/kg/day and 20 mg/kg/day of fluvastatin
by 19.1% and 30.9%, respectively (Fig. 2). Be-
cause PON1 activity decreases in liver dysfunction
[18], we assayed the activity of aminotransferases
in plasma of statins-treated animals. Neither ALT
nor AST did change following statins administra-
tion (Tab. 1), indicating that reduced plasma PON1
in fluvastatin-treated animals is specific for this en-
zyme and does not result from toxic liver damage.

Neither of statins used in this study had any effect
on total plasma cholesterol and HDL-cholesterol con-
centration (Fig. 3). In contrast, both drugs markedly
reduced plasma triglycerides. Pravastatin adminis-
tered at a dose of 4 mg/kg/day and 40 mg/kg/day
decreased plasma triglycerides by 25.3% and 25.7%,
respectively (Fig. 3). The difference between groups
receiving both doses of pravastatin was not signifi-
cant. Fluvastatin had a more marked effect on plas-
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ma triglycerides. Their concentration decreased by
46.6% and 42.9% in the animals receiving 2 mg/
kg/day and 20 mg/kg/day of fluvastatin, respec-
tively. Again, there was no significant difference
between groups receiving both doses of the drug.
Thus, the effect of statins on plasma triglycerides
was not dose-dependent which suggests that each
of HMG-CoA reductase inhibitors exerted its ma-
ximal triglycerides-lowering effect even at the lower
of doses studied.
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Because similarly to PON1, plasma triglyceri-
des are transported mainly by HDL fraction in the
rat, we calculated PON1/triglycerides ratio for all
studied substrates (Tab. 2). This ratio calculated for
the activity toward paraoxon increased numerically
in all experimental groups, but the effect was sig-
nificant only for the groups receiving 40 mg/kg/day
of pravastatin, and 2 mg/kg/day of fluvastatin
(p < 0.05). AE/triglycerides ratio tended to be
higher following statin treatment, however, statisti-
cally significant difference was observed only for
the group treated with 2 mg/kg/day of fluvastatin.
�-Decanolactonase/triglycerides ratio was also nu-
merically increased in all experimental groups, but
the difference did not reach the level of signifi-
cance.

Plasma concentration of MDA+4-HDA in the
group receiving 4 mg/kg/day of pravastatin tended
to be lower than in control group, but the difference
was not significant. Higher dose of pravastatin (40
mg/kg/day) decreased plasma MDA+4-HDA con-
centration by 25.9%. Fluvastatin had dose-depen-
dent reducing effect on plasma concentration of
these lipid peroxidation products. MDA+4-HDA
level decreased by 19.8% and 30.9% in the animals
receiving 2 mg/kg/day and 20 mg/kg/day of fluvas-
tatin, respectively (Fig. 4). Lipid hydroperoxides in
plasma did not change significantly following pra-
vastatin treatment. In contrast, fluvastatin adminis-
tered at a dose of 2 and 20 mg/kg/day reduced hy-
droperoxides concentration in plasma by 25.1%
and 35.0%, respectively (Fig. 4).

Total plasma antioxidant capacity measured
using the FRAP test did not change following pra-
vastatin treatment. Fluvastatin at a dose of 2 mg/kg/
day increased FRAP by 16.2% and at a dose of
20 mg/kg/day – by 24.4% (Fig. 5). Plasma level of
-SH groups in rats treated with 4 mg/kg/day of pra-
vastatin did not differ from control. Pravastatin at
a dose of 40 mg/kg/day tended to elevate plasma
sulfhydryl groups; their average concentration in-
creased by 15.2% and this effect was close to but
did not reach the level of statistical significance
(p = 0.059). Fluvastatin at a dose of 2 mg/kg/day
and 20 mg/kg/day increased plasma -SH groups by
18.5% and 19.3%, respectively. There was not sig-
nificant difference between both fluvastatin-treated
groups (Fig. 5). Taken together, these data indicate
that fluvastatin exerted more potent antioxidant ef-
fect than pravastatin in this study.

Statins administration had no effect on liver
weight (control: 10.9 ± 0.5 g, pravastatin at 4 mg/kg/
day: 10.0 ± 0.5 g, pravastatin at 40 mg/kg/day: 10.3
± 0.2 g, fluvastatin at 2 mg/kg/day: 9.4 ± 0.6 g, flu-
vastatin at 20 mg/kg/day: 9.4 ± 0.4 g). The concen-
tration of MDA+4-HDA in liver homogenates did
not change in either of the experimental groups.
The level of sulfhydryl groups in the liver of rats
treated with lower dose of either statin was not al-
tered. Pravastatin at a dose of 40 mg/kg/day tended
to increase -SH groups but the effect was not sig-
nificant. Fluvastatin at a dose of 20 mg/kg/day ele-
vated -SH groups concentration in liver homoge-
nates by 25.1% (Tab. 3).
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DISCUSSION

The results of this study indicate that fluvasta-
tin, but not pravastatin, reduces plasma PON1 ac-
tivity toward all investigated substrates (paraoxon,
phenyl acetate and �-decanolactone) in normolipi-
demic rats. Together with our previous report con-
cerning cerivastatin [6], this indicates that although
inhibitory effect on PON1 is not unique for the lat-
ter drug, it is also not characteristic for all HMG-
CoA reductase inhibitors.

The mechanism through which statins decrease
plasma PON1 and why only some of them do so is
unclear at present, but several possibilities may be
suggested. First, in the rat statins reduce plasma tri-
glycerides, which are transported mainly by HDL
fraction in this species [25]. Interaction between
PON1 and lipid components of HDL particle is
essential for maintaining enzyme activity [47].
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Therefore, decreased amount of triglycerides could
reduce the stability of PON1 in plasma. In addition,
fluvastatin reduced triglycerides more markedly
than pravastatin, which could explain the differen-
tial effect of both drugs on PON1. However, al-
though both doses of fluvastatin decreased plasma
triglycerides to the similar extent, only the higher
one reduced PON1 activity. Therefore, it seems that
the potency of hypolipidemic effect is not solely re-
sponsible for different action of statins on this en-
zyme.

Although neither of statins had any effect on
HDL-cholesterol in this study, it should be noted
that PON1 is linked only to a subfraction of HDL
containing apoprotein J (clusterin), thus, the possi-
bility exists that fluvastatin reduced specifically
this subfraction, which was not reflected by chan-
ges in total HDL cholesterol.

The third possibility is that statins regulate
PON1 activity through the peroxisome proliferator-
activated receptors � (PPAR�)-dependent mecha-
nism. PPAR� is a ligand-activated transcription
factor, which regulates the expression of multiple
genes involved in the lipid metabolism. Statins in-
crease the expression of PPAR� [21], and recent
studies indicate that these drugs stimulate PPAR�

in hepatocytes by inhibiting the isoprenylation of
GTP-binding RhoA protein and decreasing the rate
of PPAR� phosphorylation [31]. In rodents, unlike
in humans, PPAR� agonists inhibit the synthesis of
apolipoprotein A-I (apo A-I) in the liver [8, 55].
Apo A-I facilitates PON1 transport from hepato-
cytes to HDL [13] and stabilizes HDL-bound en-
zyme, as evidenced by marked reduction of PON1
activity in apo A-I knockout mice [47] and apo A-
I-deficient humans [23, 38]. Thus, statins could re-
duce apo A-I level and decrease PON1 activity by
activating PPAR�. Indeed, we have recently de-
monstrated that administration of PPAR� agonist,
fenofibrate, reduces PON1 activity in normolipi-
demic rats (unpublished observation). However,
PPAR� agonists induce marked peroxisome proli-
feration in rodents, which results in hepatomegaly
and oxidative stress in the liver [1, 41]. Although
we observed increased level of -SH groups in the
liver of the animals receiving 20 mg/kg/day of flu-
vastatin which could result from compensatory
stimulation of glutathione synthesis as the response
to oxidative stress [2], neither liver weight nor lipid
peroxidation products did change following statins
treatment. Therefore, it seems that statins did not

produce significant PPAR� activation in this ex-
perimental model. In addition, Steiner et al. [48]
have recently demonstrated that fluvastatin treat-
ment increased rather than decreased hepatic apo
A-I content in the rat. Taken together, these data
suggest that PPAR�-dependent pathway was not
the predominant mechanism decreasing PON1 ac-
tivity.

Both PON1-inhibiting HMG-CoA reductase in-
hibitors, fluvastatin and cerivastatin, share at least
two common features. First, they are fully synthetic
statins, structurally different from fungal metabo-
lites, such as lovastatin, simvastatin and pravasta-
tin. Synthetic statins are more potent HMG-CoA
reductase inhibitors and may also exert some ef-
fects unrelated to this enzyme. For example, flu-
vastatin is a competitive inhibitor of cytochrome
P450 CYP2C9 [57]. Both fluvastatin and cerivasta-
tin, but not pravastatin, augment cytokine-stimu-
lated expression of inducible nitric oxide synthase
in vascular smooth muscle cells [20]. Thus, reduc-
tion of PON1 activity could be another effect spe-
cific for this subgroup of HMG-CoA reductase in-
hibitors. For example, it is possible that synthetic
statins accumulate in HDL particles and directly in-
hibit PON1. Further studies, examining the effect
of statins on PON1 activity in vitro are required to
test this possibility. Second, fluvastatin and cerivas-
tatin have potent antioxidant properties [6, 33, 40,
49, 50, 57, and this study]. Previous studies suggest
that oxidative stress inhibits PON1 synthesis and
activity, whereas antioxidants protect this enzyme
[4, 35]. However, those effects were observed in
the short run, and long-term reduction of the level
of oxidative stress may cause the opposite changes,
i.e. adaptive down-regulation of PON1 due to de-
creased demand. In this context, of special interest
are recent findings, that addition of antioxidant vi-
tamins to simvastatin + niacin therapy in patients
with ischemic heart disease attenuated an increase
in HDL cholesterol and apo A-I level induced by
these hypolipidemic drugs [12]. Moreover, addition
of antioxidants had disadvantageous effect on coro-
nary artery stenosis and cardiovascular events in
simvastatin-treated individuals [10]. It is possible
that the treatment with statin, which per se has anti-
oxidant properties causes similar unfavorable chan-
ges in PON1-containing HDL, leading to loss of
pleiotropic atheroprotective activities of this enzyme.

Interestingly, although pravastatin did not change
PON1 activity toward paraoxon and phenyl acetate,
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it tended to reduce (albeit nonsignificantly) �-deca-
nolactone hydrolyzing activity. There are two pos-
sible explanations of this discrepancy. First, �-de-
canolactone hydrolyzing activity of PON1 may be
more sensitive to inhibitory effect of statins than its
paraoxon- or phenyl acetate hydrolyzing activities.
Various activities of PON1 are differentially affected
by genetic and environmental factors. For example,
in humans the R isozyme of plasma PON1, contain-
ing arginine at position 191, has higher paraoxon-
hydrolyzing activity than Q isozyme (glutamine at
this position). Phenyl acetate-degrading activity of
both isoforms is similar, whereas Q isozyme is
more effective in inhibiting LDL oxidation [3].
Paraoxon-hydrolyzing activity of human PON1 is
stimulated by high NaCl concentration, whereas its
arylesterase (AE) activity is not [17]. In patients af-
ter myocardial infarction, paraoxon-hydrolyzing
activity is more markedly reduced than AE activity
[5]. The reduction of �-decanolactone hydrolyzing
activity following low dose of fluvastatin which
had no effect on other PON1 activities, as well as
more marked reduction of �-decanolactonase than
of either paraoxon- or phenyl acetate hydrolyzing
activity in rats treated with higher dose of this drug
are in agreement with this possibility. Although
PON1 is the main �-decanolactone hydrolyzing en-
zyme in plasma, another member of PONs family,
PON3, also has such activity. In rabbits and hu-
mans, PON3 is about 200 times less abundant in se-
rum than PON1 and its contribution to �-decanola-
ctone degradation is very low (< 1%) [15, 39].
However, because PON3 has not been yet exami-
ned in the rat, we cannot exclude that the level of
this enzyme and thus its contribution to �-decano-
lactone hydrolysis is higher in this species. Thus,
the possibility exists that differential effect of
pravastatin on paraoxon/phenyl acetate (specific
PON1 substrates) and �-decanolactone hydrolyzing
activities result from selective decrease in PON3,
whereas more marked reduction of �-decanolac-
tonase activity than of other PON activities in rats
treated with fluvastatin can be attributed to com-
bined reduction of both these PON family mem-
bers.

In the rat, unlike in rabbits and humans, HDL is
the main cholesterol-transporting fraction of plas-
ma lipoproteins. In addition, although statins effec-
tively inhibit HMG-CoA reductase in the rat, plas-
ma cholesterol does not change or even increases
because hepatic expression of enzymes involved in

its biosynthesis is markedly upregulated [19, 48].
Moreover, some mechanisms potentially involved
in PON1 regulation may operate differently in ro-
dents and humans: statins have more marked effect
on plasma triglycerides in the rat than in humans,
PPAR� do not induce peroxisome proliferation in
humans and have the opposite effects on apo A-I in
both species. Thus, although the rat is a good
model to study “cholesterol-independent” effects of
statins [37], it is unclear whether the present results
can be extrapolated to humans. Until now, two
studies have addressed the effect of statins on hu-
man PON1. In the first of them [52], simvastatin
increased PON1 activity in patients with familial
hypercholesterolemia. However, because hyper-
cholesterolemia per se reduces PON1 activity [29],
this effect could be secondary to the improvement
of the lipid profile. In a recent study, Tsimihodimos
et al. [54] found no effect of atorvastatin on PON1
in hyperlipidemic patients, despite the correction of
hyperlipidemia. Together with our results, these data
are consistent with the hypothesis that natural
statins have no effect on PON1 whereas synthetic
ones decrease its activity independently of their ef-
fect on plasma lipids. According to this hypothesis,
no effect of atorvastatin on PON1 in the study of
Tsimihodimos et al. resulted from two opposite ten-
dencies: direct inhibitory effect of this synthetic
statin and indirect stimulation following improve-
ment of the lipid profile, whereas stimulation of
PON1 by simvastatin (natural statin) in the study of
Tomas et al. [52] was accounted for by the correc-
tion of hyperlipidemia. Further studies, examining
the effect of different statins on PON1 in nor-
molipidemic humans, are needed to verify this hy-
pothesis. However, if it is correct, this will have po-
tentially important implications. First, because
statins are now used also in patients with nor-
molipidemia, especially in secondary prevention of
ischemic heart disease [14, 42, 53], the differential
effect on PON1 would suggest the potential advan-
tage of natural over synthetic HMG-CoA reductase
inhibitors, at least in normolipidemic subjects. Sec-
ond, these data indicate that the results of trials per-
formed using the specific statin should not be auto-
matically extrapolated to all drugs in this group.
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