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Objectives: We examined the time-dependent effects of atorvastatin and rosuvastatin on in vivo oxidative
stress and platelet activation, to assess whether these phenomena are related to any pleiotropic effect of
any statin or to their LDL-lowering effect. We also asked whether the presence of specific allele frequencies
in carriers of the 3′UTR/lectin-like oxidized LDL receptor-1 (LOX-1) polymorphism may influence the
effect of either statin.
Methods: We included 60 hypercholesterolemic subjects, previously screened for LOX-1 3′UTR polymor-
phism, randomized, according to genetic profile (15 T and 15 C carriers for each arm), to atorvastatin
20 mg/day or rosuvastatin 10 mg/day.
Results: After 8 weeks, atorvastatin and rosuvastatin were associated with comparable, significant
reductions in LDL cholesterol (40.8% and 43.6%, respectively), plasma hs-CRP (9.5% vs. 13.8%), urinary
latelet activation
tatin therapy

11-dehydro-thromboxane (TX) B2 (38.9% vs. 27.1%) and 8-iso-prostaglandin (PG) F2� (39.4% vs. 19.4%).
The impact of rosuvastatin or atorvastatin on CRP, 8-iso-PGF2�, and 11-dehydro-TXB2 did not differ
according to the LOX-1 haplotype. On multiple regression analyses, only CRP and LDL were independent
predictors of 11-dehydro-TXB2, and only LDL was a significant predictor of 8-iso-PGF2�.
Conclusions: Both atorvastatin and rosuvastatin cause comparable reductions of thromboxane-dependent
platelet activation, lipid peroxidation and inflammation. The presence of 3′UTR/LOX-1 polymorphism

es ind
does not affect the chang

. Introduction

Increased incidence of atherothrombotic complications has
een associated with hypercholesterolemia [1]. Thromboxane
TX) A2 biosynthesis, as reflected by urinary 11-dehydro-TXB2

xcretion, is enhanced in the majority of hypercholesterolemic sub-
ects [2]. Moreover, increased lipid peroxidation, as reflected by
nhanced urinary excretion of F2-isoprostanes, has been reported
n association with hypercholesterolemia [3,4]. Oxidative stress,
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uced by either statin.
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in particular oxidized LDL (OxLDL), might play a key role in
atherogenic changes in the vascular wall. Lectin-like oxidized LDL
receptor-1 (LOX-1), expressed in atherosclerotic lesions, actively
incorporates oxLDL and their removal from circulation may exert
beneficial effects on atherogenic plaque formation [5].

Several isoprostanes are formed by direct free radical attack on
arachidonate in cell membranes, from which they are cleaved by
phospholipases. Thus, they are used as markers of free radical gen-
eration in biological fluids, such as plasma or urine [6]. Between
them, 8-iso-prostaglandin (PG) F2� is an abundant F2-isoprostane
generated in vivo in humans, is formed in LDL and endowed with
vasoconstrictive and platelet-activating properties [7].

In animal studies, HMG-CoA reductase inhibitors (statins)
decrease vascular reactive oxygen species generation indepen-

dently of cholesterol reduction [8,9]. In humans, statins may exert
beneficial effects independently of LDL cholesterol lowering. In fact,
in chronic heart failure patients, similar reductions in LDL choles-
terol with simvastatin and ezetimibe result in different effects on
endothelial function, improved only by simvastatin [10]. However,
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n patients with coronary artery disease, lipid lowering is more
mportant than pleiotropic effects of statins for improvement in
ndothelial function [11].

Simvastatin causes significant reduction of both thromboxane
iosynthesis and isoprostane generation [12,13]. Thus, we asked
hether both phenomena are related to any pleiotropic effect of

ny statin or to their LDL-lowering effect. Since a dose–response
ith regard to clinical outcome has been previously reported

14], equivalent doses of statins on LDL lowering should be pre-
cribed in humans with regard to effects on oxidative stress and
hromboxane-dependent platelet activation.

Thus, the primary objective of the study was to evaluate the
eparate effects of two statins on in vivo thromboxane-dependent
latelet activation. The secondary objective was to assess the
otential determinants of enhanced platelet activation in this set-
ing by evaluating the time-dependent effects of either statin on
he lipid profile, on systemic inflammation and lipid peroxidation.
inally, to test the hypothesis that specific allele frequencies in car-
iers of LOX-1 may influence platelet activation changes induced by
ither statin, as previously described for atorvastatin when other
latelet activation markers were employed [15], we randomized
atients in the two treatment groups according to the 3′UTR/LOX-1
olymorphism.

. Materials and methods

.1. Patients

We included 60 hypercholesterolemic subjects [35 males, 25
emales, mean age 51.4 ± 3.07 years] with a baseline serum choles-
erol >5.18 mmol/L. To avoid confounding by other determinants
f oxidant stress and platelet activation, subjects were excluded
f they had a history or evidence of atherothrombotic diseases,
iabetes mellitus, cigarette smoking, obesity or arterial hyperten-
ion. Patients requiring chronic non-steroidal anti-inflammatory
rug therapy or low-dose aspirin were also excluded. Through-
ut the study the only admitted analgesic was paracetamol (up to
00 mg/day). Exclusion criteria included exposure to cholesterol-
odulating drugs within the previous two months, as well as renal

nd hepatic disease, cancer, and pregnant or lactating women.
The hypercholesterolemic subjects, previously screened for

OX-1 3′UTR/T or C polymorphism, were randomized, according
o genetic profile (15 T and 15 C carriers each treatment), to 1
f 2 treatments: atorvastatin (Pfizer, Italy) 20 mg/day, rosuvas-
atin (AstraZeneca, Italy) 10 mg/day, administered once daily in
he evening, to achieve >20% reduction of total cholesterol after
weeks.

In each patient, statins were added to diet regimen (AHA step II
neffective after 6 weeks) according to the recommendations of the
ational Cholesterol Education Program Adult Treatment Panel-III

NCEP ATP-III) [16].
The study protocol was approved by the institutional ethics

ommittee of the recruiting center and the study was carried out
n accordance with the principles of the Declaration of Helsinki,
s revised in 2004. Patients were informed of the investigational
ature of the study and gave written informed consent to partici-
ate.

.2. Study design
This was a prospective, randomized, double-blind study assess-
ng and comparing the effects of two structurally different statins:
torvastatin and rosuvastatin.

The screening visit consisted of a questionnaire, fasting blood
ork, and an electrocardiogram. Eligible subjects, meeting entry
sis 214 (2011) 122–128 123

criteria, were asked to return for a pretreatment visit. Seven to 14
days after this, patients returned for randomization in a 1:1 scheme
to either receive atorvastatin 20 mg/day, or rosuvastatin 10 mg/day.
Study assessment took place after 1, 2 and 8 weeks of therapy.
Data obtained at each subsequent visit included fasting blood work,
12-h urine collection, adverse event reporting, and study medica-
tion return to assess compliance. Laboratory analyses included lipid
analyses and assessment of biomarkers.

For biochemical methods and statistical analysis please see
Supplementary material.

3. Results

3.1. Baseline characteristics and study completion

The baseline characteristics of participants are shown in Table 1.
There were no significant differences among the 4 groups. There
were no drop-outs over the course of the study.

3.2. Control of compliance and lipid-lowering efficacy of study
treatment

We monitored plasma lipid levels as a control for the effects
of both statins. The effects of study treatments on lipid levels
are shown in Fig. 1. Atorvastatin determined a 31% [from 7.46
(7.20–7.51) to 4.92 (4.82–5.05) mmol/L, P < 0.0001] reduction of
total cholesterol after 8 weeks of treatment. Rosuvastatin deter-
mined a 32.6% [from 7.46 (7.20–7.51) to 4.92 (4.82–5.05) mmol/L,
P < 0.0001] reduction of total cholesterol after 8 weeks of treatment.
These reductions were, according to the prespecified aim, >20% in
each patient.

The reduction in total cholesterol was due to a 40.8% [from
5.65 (5.31–5.77) to 3.26 (3.14–3.39) mmol/L, P < 0.0001] reduc-
tion of LDL cholesterol by atorvastatin and to a 43.6% [from
5.77(5.41–5.85) to 3.16 (3.06–3.31) mmol/L, P < 0.0001] reduc-
tion of LDL cholesterol by rosuvastatin (Fig. 1A), whereas
HDL cholesterol was significantly raised by atorvastatin [from
1.27 (1.22–1.32) mmol/L at baseline to 1.29 (1.24–1.35) mmol/L
after 8 weeks, P < 0.0001] and by rosuvastatin [from 1.24
(1.16–1.35) mmol/L at baseline to 1.29 (1.24–1.45) mmol/L after 8
weeks, P < 0.0001].

The median increase at 60 days in HDL-C levels was signifi-
cantly (P = 0.023) higher after rosuvastatin (+8.9%) in comparison
to atorvastatin (+6%).

The effect of statins on triglyceride levels did not differ between
the 2 treatment arms at any time point. Atorvastatin deter-
mined a 4.7% [from 1.08 (0.99–1.17) to 1.02 (0.95–1.08) mmol/L,
P < 0.0001] reduction of triglyceride levels after 8 weeks of treat-
ment. Rosuvastatin determined a 6.6% [from 1.02 (0.96–1.12) to
0.96 (0.90–1.06) mmol/L, P < 0.0001] reduction of triglyceride levels
after 8 weeks of treatment.

Changes in these lipid levels were not influenced by LOX-1 3′UTR
T or C polymorphism to any significant extent.

No significant differences in Apo A, Apo B, or the Apo B/Apo A
ratio, were observed between rosuvastatin and atorvastatin treat-
ment at any time point (Fig. 1B and data not shown). Apo B was
significantly reduced vs. baseline as early as after 2 weeks of
treatment (15.7% and 19.8% with atorvastatin and rosuvastatin,
respectively, P < 0.0001), with further reductions thereafter (29.1%

and 31.7%, P < 0.0001), whereas Apo A significantly increased only
after 8 weeks (4.3% and 7.5%, P < 0.001). Overall, the median Apo
B/Apo A ratio was significantly reduced as early as after 2 weeks
of either statin (by 15.7% and 20.4%, respectively, P < 0.0001), with
deeper reductions after 8 weeks (31.8% and 37.1%, P < 0.0001).
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Table 1
Clinical characteristics of the patients.

Variable Rosuvastatin (10 mg/day) Atorvastatin (20 mg/day)

LOX-1 3′UTR/C (n = 15) LOX-1 3′UTR/T (n = 15) LOX-1 3′UTR/C (n = 15) LOX-1 3′UTR/T (n = 15)

Male/female 9/6 8/7 9/6 9/6
Age (yr) 51.5 ± 2.4 50.6 ± 2.7 51.5 ± 3.8 52.1 ± 3.4
BMI (kg/m2) 24.9 ± 0.9 24.3 ± 1.2 24.9 ± 1.3 24.4 ± 1.4
SBP (mmHg) 130.1 ± 9.1 128.5 ± 9.5 127.9 ± 9.7 128.5 ± 9.2
DBP (mmHg) 76.9 ± 4.8 76.8 ± 5.2 77.9 ± 4.7 76.1 ± 5.1
Glu (mmol/L) 5.07 ± 0.45 5.07 ± 0.49 5.12 ± 0.49 5.04 ± 0.48
Total Chol (mmol/L) 7.36 ± 0.23 7.38 ± 0.26 7.30 ± 0.23 7.30 ± 0.18
LDL-C (mmol/L) 5.65 ± 0.31 5.62 ± 0.28 5.57 ± 0.28 5.52 ± 0.23
HDL-C (mmol/L) 1.24 ± 0.10 1.27 ± 0.10 1.27 ± 0.07 1.27 ± 0.07
TG (mmol/L) 1.05 ± 0.09 1.05 ± 0.10 1.05 ± 0.10 1.11 ± 0.12
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alues are mean ± standard deviation. P > 0.05 for all between-group comparisons,
onferroni correction for continuous variables.

Consistently, and unlike Apo A, Apo B was significantly higher
n C as compared with T carriers both at baseline (median 1.465 g/L
s. 1.33 g/L, P = 0.001) and after 1 week of statin treatment, result-
ng in different Apo B/Apo A ratios at these time points, with

carriers demonstrating a 0.6 median % decrease from base-
ine in this ratio as compared to a 0.5% increase in T carriers
P = 0.001).

.3. Effects of either statin on urinary levels of 11-dehydro-TXB2
nd 8-iso-PGF2˛

The urinary excretion of 11-dehydro-TXB2 throughout the var-

ous phases of the study is shown in Fig. 1C.

At baseline, the rate of excretion of 11-dehydro-TXB2 averaged
378 ± 684 pg/mg creatinine, consistent with our previous findings
f enhanced thromboxane metabolite excretion in hypercholes-
erolemia [12]. Atorvastatin and rosuvastatin were associated with

ig. 1. Changes in LDL cholesterol, Apo B/Apo A, urinary 11-dehydro-TXB2 and 8-iso-PGF
holesterol (panel A), Apo B/Apo A (panel B), urinary 11-dehydro-TXB2 (panel C) and 8-is
torvastatin (red bars). *P < 0.05 vs. baseline. (For interpretation of the references to color
statistics or Fisher exact test for categorical variables, or one-way ANOVA with the

comparable (P = ns), significant reductions in 11-dehydro-TXB2 at
any time point.

Atorvastatin treatment was associated with a significant median
reduction vs. baseline in 11-dehydro-TXB2 as early as after 1 week
(by 8.9%, P = 0.03), which was more pronounced at each subse-
quent time point, with an overall 38.9% median inhibition [from
1134 (874–1858) to 669 (489–1012) pg/mg creatinine, P < 0.0001]
after 8 weeks. Rosuvastatin caused a significant median reduc-
tion in 11-dehydro-TXB2 after 2 weeks (P = 0.001), with a 27.1%
median reduction after 8 weeks [from 1370 (743–1950) to 892
(546–1148) pg/mg creatinine, P < 0.0001]. Urinary excretion of 8-
iso-PGF2� throughout the various phases of the study is shown in

Fig. 1D.

At baseline, the rate of excretion of 8-iso-PGF2� averaged
618 ± 278 pg/mg creatinine, consistent with previous findings of
enhanced isoprostane excretion in hypercholesterolemia [13].
Atorvastatin and rosuvastatin were associated with compara-

2� after rosuvastatin and atorvastatin therapy. Percent changes vs. baseline in LDL
o-PGF2� (panel D) after 1 week, 2 weeks and 8 weeks of rosuvastatin (blue bars) or
in this figure legend, the reader is referred to the web version of the article.)
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ig. 2. Changes in oxLDL cholesterol and high-sensitivity (hs)CRP after rosuvastati
nd hsCRP (panel B), after 1 week, 2 weeks and 8 weeks of rosuvastatin (blue bars
olor in this figure legend, the reader is referred to the web version of the article.)

le (P = ns), significant reductions in 8-iso-PGF2� at any time
oint.

Urinary 8-iso-PGF2� excretion was significantly inhibited by
ither treatment after 2 weeks [median 7.2%, P < 0.0001 and 16.7%,
= 0.001 with atorvastatin and rosuvastatin, respectively] and 8
eeks [from 600 (344–804) to 338 (278–454), 39.4%, P < 0.0001
ith atorvastatin and from 594 (404–772) to 369 (315–563),

9.4%, P < 0.0001 with rosuvastatin] but not after 1 week with any
reatment.

.4. Contribution of lipids to explaining 11-dehydro-TXB2 and
-iso-PGF2˛ variability

In the whole group (n = 60), when all data throughout the study
ere pooled (n = 240), both 8-iso-PGF2� (Rho = 0.30, P < 0.0001) and

1-dehydro-TXB2 (Rho = 0.27, P < 0.0001) levels were directly cor-
elated with LDL-C. Consistently, the % change vs. baseline in LDL
holesterol after 2 and 8 weeks was significantly related to the
change in 11-dehydro-TXB2 (Rho = 0.35, P < 0.0001), 8-iso-PGF2�

Rho = 0.32, P < 0.0001) and CRP (Rho = 0.71, P < 0.0001) (Table 2). Of
ote, the significant direct correlations observed between change

n HDL or Apo B/Apo A ratio and change in 11-dehydro-TXB2 in
he whole group (Table 2), appear to be attributable to the only
roup of atorvastatin-treated patients (Rho = −0.45, P < 0.0001 and
ho = 0.47, P < 0.0001), with no significant correlation in the rosu-
astatin group.

A significant direct correlation was also found between LDL and
1-dehydro-TXB2% change vs. baseline at 1 (Rho = 0.485, P = 0.007)
nd 2 weeks (Rho = 0.405, P = 0.026) of rosuvastatin, but not of ator-
astatin treatment.

Concerning lipid variables, on multiple linear regression anal-
sis with 11-dehydro-TXB2 (log transformed) as the dependent
ariable, only LDL-C was a significant predictor of 11-dehydro-
XB2 (Beta = 0.22, SEM = 0.32, P = 0.001 and Beta = 0.204, SEM = 0.15,
= 0.002, R2 = 0.11), independently of treatment, polymorphism,
DL, oxLDL, Apo A and Apo B.

Similarly, urinary 8-iso-PGF2� correlated with LDL-C regard-
ess of the haplotype (Rho = 0.37, P < 0.0001 in C carriers and
ho = 0.18, P = 0.001 in T carriers). Similarly, apo B/apo A ratio
orrelated with both 11-dehydro-TXB2 (Rho = 0.22, P = 0.013 and
ho = 0.24, P = 0.008 in C and T carriers) and 8-iso-PGF2� (Rho = 0.38,

< 0.0001 and Rho = 0.19, P = 0.038) regardless of the haplo-

ype.
Moreover, multiple regression analysis with 8-iso-PGF2� as

he dependent variable revealed that only LDL (log-transformed)
Beta = 0.286, SEM = 0.13, P < 0.0001, R2 = 0.12) was a significant pre-
atorvastatin therapy. Percent changes vs. baseline in oxLDL cholesterol (panel A),
orvastatin (red bars). *P < 0.05 vs. baseline. (For interpretation of the references to

dictor of 8-iso-PGF2�, independently of treatment, polymorphism,
HDL, oxLDL, CRP, Apo A and Apo B.

3.5. Effects of either statin on other variables (plasma ox-LDL and
CRP)

To assess whether a reduction in lipid peroxidation and platelet
activation could also be reflected in the oxidation of LDL and
chronic, systemic inflammation, we measured oxLDL and hsCRP
throughout the various phases of the study (Supplemental table
and Fig. 2).

Throughout the study, atorvastatin and rosuvastatin were asso-
ciated with comparable, significant reductions vs. baseline in CRP
and ox-LDL.

Significant reductions vs. baseline were observed as early as
after 1 week of treatments for both variables (oxLDL: 4.8% and
3.8%, hsCRP: 2.1% and 2.7% with atorvastatin and rosuvastatin,
respectively, P < 0.0001) with further reductions thereafter. After 8
weeks, atorvastatin and rosuvastatin caused a median inhibition of
oxLDL by 22.1% [from 67 (60–75) to 54 (44.7–62.2) U/L, P < 0.0001]
and 20% [from 65.5 (59.2–75.2) to 52 (44.7–62.2) U/L, P < 0.0001],
respectively, and of hsCRP by 9.5% [P < 0.0001] and 13.8% [from 0.87
(0.81–0.94) to 0.75 (0.71–0.85) mg/L, P < 0.0001], respectively.

Ox-LDL levels were significantly higher at baseline in carriers
of the T polymorphism as compared to C carriers [75 (70.7–79) vs.
(60 (56.7–61.2) U/L, P < 0.0001], as previously reported in a different
sample of hypercholesterolemic patients [15].

3.6. Potential influence of LOX-1 3′UTR polymorphism on the
response to the randomized statin treatment

To evaluate the potential influence of the LOX-1 polymorphism
on the response to either statin, the 60 patients were stratified in
4 groups (n = 15 each) according to the assigned treatment and the
LOX-1 polymorphism. The impact of rosuvastatin or atorvastatin
on 11-dehydro-TXB2, and other variables such as hsCRP and 8-
iso-PGF2�, changes did not differ according to the polymorphism.
In fact, no differences in these variables were observed among
the 4 groups at any time point throughout the treatment period
(Supplemental table and Fig. 3). In contrast, the % inhibition in LDL-
C after 14 days was more pronounced in T carrier patients treated

with rosuvastatin (by 34.1%) than in those treated with atorvas-
tatin (25.7%), whereas the effect of the two treatments did not
differ significantly in the C carriers (32.3% vs. 29.1%, respectively,
Supplemental figure). In addition, at any time point the % inhibition
in oxLDL was significantly deeper in C than T carriers with either



126 L. Puccetti et al. / Atherosclerosis 214 (2011) 122–128

Table 2
Correlation (r2) between changes over 14 and 60 days of statin therapy in levels of lipoproteins and associated parameters.

LDL HDL OxLDL hsCRP 8-iso-PGF2� 11-dehydro-TXB2

Total cholesterol 0.97 (P < 0.0001) −0.57 (P < 0.0001) 0.67 (P < 0.0001) 0.69 (P < 0.0001) 0.34 (P < 0.0001) 0.38 (P < 0.0001) 0.85 (P < 0.0001)
LDL – −0.63 (P < 0.0001) 0.68 (P < 0.0001) 0.71 (P < 0.0001) 0.32 (P < 0.0001) 0.35 (P < 0.0001) 0.86 (P < 0.0001)
HDL – −0.46 (P < 0.0001) −0.67 (P < 0.0001) 0.34 (P < 0.0001) −0.16 (P = 0.0.07) −0.62 (P < 0.0001)
OxLDL – 0.59 (P < 0.0001) 0.29 (P < 0.0001) −0.27 (P = 0.002) 0.75 (P < 0.0001)
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hsCRP
8-iso-PGF2�

11-dehydro-TXB2

reatment, with no difference between rosuvastatin and atorvas-
atin within carriers of the same LOX-1 haplotype (23.3% vs. 26.2%
n C carriers treated with rosuvastatin and atorvastatin, 18.2% vs.
8.2% in T carriers) (Fig. 3). Finally, Apo B was significantly higher
t baseline in C than T carriers, regardless of the treatment group,
nd the difference was maintained after 1 week, with no further
ifference across groups thereafter (data not shown).

.7. Associations

In the whole group, pooling all data throughout the study,
btained at baseline and under treatment (n = 240), 11-dehydro-
XB2 was significantly correlated with both oxLDL (Rho = 0.14,
= 0.027) and hs-CRP (Rho = 0.29, P < 0.0001) (all log trans-

ormed) and 8-iso-PGF2� was correlated with oxLDL (Rho = 0.17,
= 0.007).

Percent changes vs. baseline in hsCRP levels associated with

weeks of either treatment were correlated with changes in

DL (Rho = 0.33, P = 0.01), HDL (Rho = −0.59, P < 0.0001), Apo B/Apo
ratio (Rho = 0.37, P = 0.003). The latter was also significantly

orrelated with percent change in LDL (0.54, P < 0.0001), HDL
Rho = −0.43, P < 0.0001), oxLDL (Rho = 0.29, P = 0.02).

ig. 3. Impact of rosuvastatin or atorvastatin on 8-iso-PGF2� (panel A), 11-dehydro-TXB2

ectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) polymorphism. Percent ch
), hsCRP (panel C) and oxLDL cholesterol (panel D) in C and T carriers of LOX-1 polymo
green and violet bars), after 1 week, 2 weeks and 8 weeks of treatment. (For interpretati
ersion of the article.)
0.12 (P = 0.21) 0.29 (P = 0.001) 0.69 (P < 0.0001)
– 0.059 (P = 0.55) 0.27 (P = 0.005)

– 0.33 (P < 0.0001)

Moreover, in the 30 patients treated with rosuvastatin but not
atorvastatin, the % change in oxLDL after 8 weeks correlated with
that in both HDL (Rho = −0.52, P = 0.003) and hsCRP (Rho = 0.40,
P = 0.028). In contrast, atorvastatin treatment experienced parallel
reductions after 8 weeks in oxLDL and Apo B/Apo A ratio (Rho = 0.39,
P = 0.03).

Finally, with either treatment, correlations in percent changes
vs. baseline over 2 and 8 weeks of treatment were observed among
the study variables (Table 2).

3.8. Contribution of other variables to explaining
11-dehydro-TXB2 and 8-iso-PGF2˛ variability

Regardless of the employed statin, only C carriers exhibited a
significant direct correlation between hsCRP and both 11-dehydro-
TXB2 (Rho = 0.51, P < 0.0001) and 8-iso-PGF2� (Rho = 0.23, P = 0.011).

On multiple linear regression analysis with 11-dehydro-TXB2

(log transformed) as the dependent variable, only hs-CRP and
LDL-C (see Section 3.4) were significant predictors of 11-dehydro-
TXB2 (Beta = 0.22, SEM = 0.32, P = 0.001 and Beta = 0.204, SEM = 0.15,
P = 0.002, R2 = 0.11), independently of treatment, polymorphism,
HDL, oxLDL, Apo A and Apo B.

(panel B), hsCRP (panel C), oxidized-LDL (panel D) changes according to the 3′UTR
anges vs. baseline in urinary 8-iso-PGF2� (panel A), urinary 11-dehydro-TXB2 (panel
rphism treated with rosuvastatin (blue and red bars, respectively) or atorvastatin
on of the references to color in this figure legend, the reader is referred to the web
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. Discussion

Previous studies by our group have provided biochemical evi-
ence of enhanced thromboxane biosynthesis [2] and subsequently
emonstrated the efficacy of simvastatin to downregulate this phe-
omenon [12].

TXA2 biosynthesis is enhanced in the majority of patients with
ype IIa hypercholesterolemia; this is, at least in part, a consequence
f abnormal cholesterol levels, as suggested by the correlation
etween the two [2]. in vivo formation of the F2-isoprostane
-iso-PGF2� is enhanced in the vast majority of patients with
ypercholesterolemia [3,4]. This provides an aspirin-insensitive
echanism possibly linking lipid peroxidation to amplification of

latelet activation in the setting of hypercholesterolemia.
In this study, we confirm the persistent increase in F2-

soprostane formation as well as in thromboxane biosynthesis
reviously documented in hypercholesterolemia [2–6,12].

A cholesterol-lowering regimen with simvastatin substantially
educes indices of enhanced lipid peroxidation in vivo as well as
nhanced platelet thromboxane biosynthesis [12,13]. In order to
valuate whether both phenomena are related to any pleiotropic
ffect of any inhibitor of HMG-CoA reductase (statin) or their LDL-
owering effect, we performed a randomized, double blind study,
omparing the effects of two structurally different statins: atorvas-
atin and rosuvastatin at fully comparable lipid-lowering efficacy
osage.

In our study, both atorvastatin and rosuvastatin cause a com-
arable, significant reduction of thromboxane-dependent platelet
ctivation and lipid peroxidation mainly related to decreased
DL-C. However these findings are paralleled by directionally
imilar changes in plasma CRP and oxLDL. Because ox-LDL lev-
ls reflect oxidative events within a lipid pool that is highly
elevant to atherosclerosis [17], these data complement data
erived from peroxidative markers in the total lipid pool (F2-

soprostanes). Moreover, we also evaluated the Apo B/Apo A ratio,
hich has been recently shown to be superior to lipoprotein
easurement for risk prediction of cardiovascular disorders and

roposed as the test of choice to be introduced into routine clin-
cal practice [18,19]. The significant correlation between percent
eduction in Apo B/Apo A ratio and in both isoprostane formation
nd thromboxane biosynthesis further substantiates the impor-
ance of modulation of this pathogenetic cascade in preventing
therothrombosis.

Our study as well as previous studies examined with conflicting
esults the cause-and-effect relation between the lipid-lowering
ffect of the drug and its alleged anti-platelet or antioxidant
ffects [10,12]. Lipid-lowering appears to be more important than
leiotropic effects for improvement in endothelial function and

nflammatory markers in patients with dysglycemia and coro-
ary artery disease [11]. A rapid effect on endothelium-dependent
asodilation within 1 or 3 days of treatment has been shown for
imvastatin and an early decrease (within 3 days) of urinary 8-
so-PGF2� has been described for atorvastatin [20,21], consistent

ith the concept that statins may also exert pleiotropic effects in
umans. However, we did observe significant changes in urinary
xcretion rates of 8-iso-PGF2� and 11-dehydro-TXB2 only after 2
nd 8 weeks of either treatment in parallel with a sharp reduction
n LDL-cholesterol levels.

A number of findings argue that these changes are a conse-
uence of modifications in the plasma lipid pattern induced by any
tatin rather than a direct effect of the drug. These include (1) the

onsistent time-related patterns of lipid-lowering and antiplatelet
r antioxidant effects, (2) the highly significant correlation between
he two, and (3) the lack of any direct effect of simvastatin or its

ain biologically active metabolite on platelet thromboxane pro-
uction in vitro [12].
sis 214 (2011) 122–128 127

Both statins exert similar and significant reductions vs. baseline
in hsCRP levels after 8 weeks, paralleled by significant reductions
in lipid profile and significantly related to changes in thromboxane
metabolite excretion. Our results are consistent with the recent
findings of the Jupiter trial, showing, in apparently healthy sub-
jects with high baseline hsCRP, that concurrent reductions in both
LDL and hsCRP with rosuvastatin treatment result in a signifi-
cantly reduced incidence of major cardiovascular events [22]. Thus,
regardless of baseline LDL-cholesterol levels, we can speculate that
the magnitude of the benefit associated with statin therapy corre-
lates in part with the achieved high-sensitivity CRP level together
with the reduction of in vivo lipid peroxidation and thromboxane-
dependent platelet activation.

Recently, modifications of platelet-associated ox-LDL were
detected in subjects treated with statins and related with decreased
platelet expression of the specific ox-LDL receptors CD36 and
LOX-1 [17]. LOX-1 may play a role in atherothrombosis mediat-
ing platelet–endothelium interactions downregulating endothelial
nitric oxide synthase [23,24]. Moreover, a close relationship has
been found between coronary artery disease and the 3′UTR (T
allele) LOX-1 polymorphism [25]. In our study, we evaluated
whether specific allele frequencies in carriers of LOX-1 polymor-
phism may influence thromboxane-dependent platelet activation
changes and in vivo lipid peroxidation induced by the two different
statins studied. After rosuvastatin or atorvastatin, 11-dehydro-
TXB2, 8-iso-PGF2� and CRP changes did not differ according to
the polymorphism. In fact, no differences in these variables were
observed among the study groups at any time point throughout
the treatment period. This discrepancy with previous observations
for atorvastatin when platelet activity was evaluated by P-selectin
expression [15] could indicate that a complete platelet deactivation
requires a significant LDL-C reduction.

In summary, the results of this study enforce the concept that
LDL cholesterol levels are a major correlate and possibly a deter-
minant of enhanced thromboxane biosynthesis and F2-isoprostane
formation as well as systemic inflammation in hypercholes-
terolemic subjects. Any statin treatment is a powerful means to
reduce both enhanced platelet activation and lipid peroxidation in
these subjects. These effects may contribute to the overall impact
of statin therapy on the thrombotic risk. 3′UTR/T polymorphism
did not seem to affect in vivo changes in platelet activation and
lipid peroxidation induced by atorvastatin or rosuvastatin when
evaluated by COX-1 related products.

Finally, measurement of thromboxane metabolite excretion has
a remarkable track record of successful characterization of where to
use and how to use aspirin for the prevention of atherothrombosis
[26].

Because of incomplete inhibition of thromboxane biosynthe-
sis associated with statin therapy, one should further explore the
need for concomitant therapy with low-dose aspirin in the subset
of hypercholesterolemic patients with persistent thromboxane-
dependent platelet activation despite successful LDL-lowering
effect obtained by any statin treatment.
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