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Abstract:

Because of methodological limitations and conflicting results of studies conducted thus far, the possible involvement of human adi-

pose tissue in pleiotropic effects of statins and fibrates requires better understanding. Samples of visceral and subcutaneous adipose

tissue obtained from 23 mixed dyslipidemic patients and 23 normolipidemic subjects were treated in vitro for 48 h with atorvastatin,

fenofibric acid or both these agents. Visceral and subcutaneous fat of mixed dyslipidemic patients released more leptin, resistin,

interleukin-6, tumor necrosis factor � (TNF�� and plasminogen activator inhibitor-1 (PAI-1), and less adiponectin than respective

adipose tissue of patients without lipid abnormalities. In both groups of patients, visceral and subcutaneous tissue varied in the

amount of secreted adipokines. In dyslipidemic patients both drugs administered alone affected adipose tissue adiponectin and re-

sistin secretion. Additionally, atorvastatin decreased PAI-1 while fenofibric acid reduced leptin release. A combined administration

of atorvastatin and fenofibric acid changed the release of all studied markers by visceral fat but did not affect interleukin-6 and TNF�

release by subcutaneous tissue. In normolipidemic subjects the effect on adipokine release was more pronounced in visceral fat, in

which it was strongest if the drugs were given together. Adipose tissue hormonal activity differs between mixed dyslipidemic and

normolipidemic patients and between visceral and subcutaneous adipose tissue. Atorvastatin and fenofibrate exhibit their pleio-

tropic effects in part by changing the adipokine release by human adipose tissue, regardless of its origin. These effects are stronger in

patients with mixed dyslipidemia and are particularly pronounced if atorvastatin and fenofibric acid are given together.
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proliferator-activated receptor-�, TNF�– tumor necrosis factor �

Introduction

The role of changes in adipokine production in the pa-

thophysiology of obesity, insulin resistance, dyslipi-

demia, and cardiovascular diseases [7, 12] and alle-

viation of these disorders with 3-hydroxy-3-methyl-

glutaryl coenzyme A (HMG-CoA) reductase inhibitors

(statins) [23] and peroxisome proliferator-activated

receptor (PPAR�) activators (fibrates) [4, 35], sug-

gests that adipose tissue hormones may be involved in

the mechanism of action of two major classes of

hypolipidemic agents. However, despite logical as-

sumptions, studies conducted hitherto have provided

conflicting results. Fenofibrate reduced serum leptin

levels in dyslipidemic patients with type 2 diabetes
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mellitus [13] and increased plasma levels of truncated

fasting-induced adipose factor in obese subjects [29],

but did not change serum adiponectin and resistin

concentrations in obese women with type 2 diabetes

mellitus [2], and serum total adiponectin and visfatin

levels in hypertriglyceridemic patients [32]. Bezafi-

brate increased adiponectin [21] and reduced leptin

[31] levels in dyslipidemic patients, but the latter ef-

fect was not reproduced by gemfibrozil [22]. Bezafi-

brate and fenofibrate significantly increased adipo-

nectin production in wild-type mice and 3T3-L1 adi-

pocytes [21], enhanced the expression of adiponectin

and visfatin mRNA and reduced that of tumor necro-

sis factor � (TNF�� in visceral fat deposits of diabe-

tes-prone rats [9]. The same drugs, however, affected

neither fat adiponectin mRNA expression in mice [19]

nor leptin mRNA expression in murine adipocytes

and adipose tissue [24, 30]. Atorvastatin increased

plasma adiponectin levels in subjects with high car-

diovascular risk [5], but did not affect plasma adipo-

nectin, leptin and resistin levels in hyperlipidemic

type 2 diabetic patients and in patients with hypercho-

lesterolemia [10, 11]. Pravastatin reduced plasma adi-

ponectin levels in patients with coronary artery dis-

ease undergoing coronary artery bypass grafting

(CABG) [34] but did not change leptin and adipo-

nectin levels in healthy volunteers [15]. In turn, in

mouse 3T3-L1 adipocytes [37, 41] and in white adi-

pose tissue of rats spontaneously developing type 2

diabetes mellitus [8], pravastatin and simvastatin en-

hanced adiponectin production and mRNA expression.

Conflicting results may be the consequence of

methodological limitations studies conducted thus far.

Plasma levels do not seem to accurately reflect adi-

pokine secretion by different types of adipose tissue,

while the hormonal function of adipose tissue varies

between different species [7, 17]. Therefore, the ques-

tion of how hypolipidemic agents affect the hormonal

function of human adipose tissue requires better un-

derstanding. The aim of our study was to compare the

effects of two hypolipidemic agents, atorvastatin and

fenofibrate, on the secretory function of human sub-

cutaneous and visceral adipose tissue of mixed

dyslipidemic and normolipidemic patients and to as-

sess whether their simultaneous administration is su-

perior to administration of these drugs separately.

Leptin, adiponectin, resistin, TNF�, interleukin-6 and

plasminogen activator inhibitor-1 (PAI-1) were cho-

sen among different adipokines because they are ma-

jor products of adipose tissue, occur in the majority of

atherosclerotic plaques and their abnormal production

contributes to the development of diabetes and insulin

resistance as well as atherosclerosis and its complica-

tions [7, 17, 18, 38]. In our study, we used fenofibric

acid, instead of the parent drug, as a biologically ac-

tive and easily dissolvable form of fenofibrate [25].

Materials and Methods

Subjects

Subcutaneous and visceral (omental) adipose tissue

samples were obtained from 23 patients with recently

diagnosed and previously untreated mixed dyslipide-

mia (plasma total cholesterol > 200 mg/dl, LDL cho-

lesterol > 135 mg/dl, triglycerides > 200 mg/dl) and

from 23 subjects with a normal lipid profile undergo-

ing laparoscopic appendectomy or cholecystectomy,

or gynecological surgery. All patients had been fasted

overnight before tissue removal. The exclusion crite-

ria were as follows: (1) any symptoms or systemic

signs of inflammation, (2) autoimmune disorder, (3)

malignancy, (4) whatever other serious acute or chronic

disease, (5) treatment with other hypolipidemic drugs or

agents known to influence adipose tissue metabolism

and (6) concomitant treatment with drugs that pro-

duce anti-inflammatory effects (including glucocorti-

costeroids, non-steroidal anti-inflammatory drugs and

angiotensin-converting enzyme inhibitors). All pa-

tients gave their written informed consent in accor-

dance with the Declaration of Helsinki. The study

protocol was approved by the Bioethical Committee

of the Medical University of Silesia. The samples

were immediately coded so that the person perform-

ing the laboratory assay was blinded to subject iden-

tity, and then transported to the laboratory in a sterile

container within 30 min after removal.

Whole adipose tissue cultures

The entire adipose tissue was isolated and cultured ac-

cording to the methods described in other studies [6,

14]. All subsequent procedures were conducted under

a laminar airflow hood and aseptic conditions. Frag-

ments of adipose tissue isolated from patients

(100 mg/patient) were cut with scissors into small
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pieces of less than 10 mg each. Explants of adipose

tissue were incubated in adipocyte basal medium sup-

plemented with 2 mM L-glutamine, 100 units/ml peni-

cillin, 100 µg streptomycin and albumin (3 ml/g of tis-

sue) (Lonza, Walkersville, MD, USA) for about 30

min to reduce contamination of the tissue with blood

cells and soluble factors. At the end of the incubation

period, the tissue explants were centrifuged at 400 × g

for 30 s to remove blood cells and pieces of tissues

containing insufficient fragments to float. The adipose

tissue separated from the medium was filtered through

a 70 µm cell strainer (Becton Dickinson, NJ, USA),

dissociated cells were resuspended in fresh adipocyte

basal medium containing 10% fetal bovine serum, 2 mM

L-glutamine, 100 units/ml penicillin, 100 µg strepto-

mycin and 5 mg/ml insulin (Lonza, Walkersville, MD,

USA), placed in 24 mm Petri dishes (Becton-

Dickinson, Franklin Lakes, NJ, USA) and incubated

at 37°C in humidified 5% CO2/95% air (CO2 incuba-

tor, Haereus, Germany) for 12 h. After 12 h the me-

dium was removed and replaced with fresh adipocyte

basal medium (see above) containing atorvastatin (2.0 µM)

(Sigma Chemicals, St. Louise, MO, USA), fenofibric

acid (5.0 µM) (Sigma Chemicals, St. Louise, MO,

USA) or atorvastatin (2.0 µM) together with fenofi-

bric acid (5.0 µM). The incubation was continued for

the following 24 h. Twenty-four hours was chosen as

the maximal incubation time after which, as shown in

another study, adipose cells were still viable and re-

sponsive, and adipokine release was maximal [6]. All

incubations were performed in triplicate. After 6 and

12 hours and at the end of the incubation, the medium

was collected, centrifuged and frozen at –70°C until

assayed for the studied markers. The effect of both

agents on the secretory function of human adipose tis-

sue was strongest after 24 -hours of incubation and

therefore the results from this time point have been

presented. To assess the eventual toxicity of fenofibric

acid and atorvastatin we assessed cell viability using

the trypan blue (0.4%) exclusion test and MTT

(3-(4,5-dimethylthazol-2-yl)-2,5-diphenyltetrazolinum

bromide, Sigma-Aldrich, St. Louise, MO, USA) con-

version. After 24 hours more than 90% of cultured

cells remained viable and responsive.

Laboratory assays

Total cholesterol, LDL-cholesterol, HDL-cholesterol

and triglycerides were determined by a colorimetric

method using bioMerieux reagents (Marcy-l’Etoile,

France) on the day before surgery.

Leptin, adiponectin, resistin, interleukin-6, TNF�

and PAI-1 levels were estimated using commercially

available ELISA kits (R&D Systems, McKinley Place

N.E. Minneapolis, MN, USA) according to the manu-

facturer’s instructions. To minimize analytical errors,

all measurements were performed in duplicate. Intra-

and interassay coefficients of variation of all measure-

ments were less than 5%.

Statistical analysis

Results are presented as the mean ± SD. To begin

with, the distribution of the variables was analyzed.

Outcomes for the measured markers were natural-log

transformed to satisfy assumptions of normality and

equal variance. After logarithmic transformation the

distribution of leptin, adiponectin, resistin, TNF�,

interleukin-6 and PAI-1 levels was normal, and there-

fore parametric tests were used for statistical analysis.

Comparisons between the groups were performed us-

ing one-way ANOVA followed by Bonferroni’s Multiple

Comparison test. Values were considered statistically

significant at p < 0.05. Moreover, to verify the cor-

rectness of the statistical analysis, the median values

of leptin, adiponectin, resistin, TNF� interleukin-6

and PAI-1on the original scale were recalculated us-

ing non-parametric tests (the Kruskal-Wallis test fol-

lowed by the Mann-Whitney U-test). As the results of

this analysis covers are in line with the ones obtained

after using parametric tests, they are not shown. Sta-

tistical analysis was performed using the GraphPad

Prism 2.01 software (GPA-26576-117) and Statistica

6.1.

Results

Baseline characteristics

There were no significant differences in the age,

weight and sex between patients with mixed dyslipi-

demia and subjects with a normal lipid profile.

Dyslipidemic and normolipidemic subjects were also

comparable in respect to medical background and

clinical characteristics (Tab. 1). There were signifi-

cant differences in the release of the studied markers
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between patients with and without lipid abnormalities

and between visceral and subcutaneous adipose tissue

(Tab. 2).

Leptin

In cultures of omental fat of mixed dyslipidemic pa-

tients, fenofibric acid decreased leptin secretion by

35.3% (p < 0.01), while atorvastatin exhibited no ef-

fect (Fig. 1). When both agents were administered to-

gether, leptin release decreased by 36.3% (p < 0.01).

The effect of both fenofibric acid and combination treat-

ment was stronger than that of atorvastatin (p < 0.05).

In cultures of subcutaneous tissue of patients with

mixed dyslipidemia, fenofibric acid tended to reduce

leptin release by 18.2%, while atorvastatin exhibited

no effect. Combined administration of atorvastatin

and fenofibric acid decreased leptin release by 21.6%
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Tab. 1. Baseline characteristics of patients

Patients with a normal lipid profile Patients with mixed dyslipidemia

Number of patients 23 23

Age (years) 46.5 ± 2.2 47.0 ± 2.2

Men/Women 13/10 12/11

Smokers 9 (39.1%) 8 (34.8%)

Body mass index (kg/m2) 29.1 ± 1.4 29.4 ± 1.7

Type 2 diabetes 3 (13.0%) 4 (17.4%)

Stable coronary artery disease 4 (17.4%) 3 (13.0%)

Stable cerebrovascular disease 2 (8.7%) 2 (8.7%)

Fasting glucose (mg/dl) 96.4 ± 3.0 96.8 ± 3.2

HOMA 6.1 ± 0.7 6.4 ± 0.7

HbA
1c

(%) 5.9 ± 0.4 6.0 ± 0.6

Total cholesterol (mg/dl) 170.6 ± 6.2 280.3 ± 12.5*

LDL cholesterol (mg/dl) 108.4 ± 6.0 176.2 ± 10.3*

HDL cholesterol (mg/dl) 49.9 ± 2.4 40.2 ± 1.8*

Triglycerides (mg/dl) 119.5 ± 10.0 265.3 ± 14.2*

Data represent the mean ± SD. *p < 0.001 vs. patients with a normal lipid profile

Tab. 2. Baseline adipokine release by human adipose tissue

Adipokine Normolipidemic patients Mixed dyslipidemic patients

Visceral adipose tissue Subcutaneous adipose tissue Visceral adipose tissue Subcutaneous adipose tissue

Leptin (pg/ml) 1,112.9 ± 171.1 1,241.4 ± 87.6 1,567.6 ± 43.3§ 1,708.4 ± 41.1§

Adiponectin (ng/ml) 108.0 ± 23.0 151.8 ± 8.5† 80.1 ± 6.0‡ 105.0 ± 10.1*§

Resistin (pg/ml) 152.2 ± 32.8 191.4 ± 50.5* 455.3 ± 49.6|| 354.0 ± 44.8*||

Interleukin-6 (pg/ml) 3,147.1 ± 404.8 2,403.0 ± 42.9* 5,110.8 ± 142.6|| 4,607.9 ± 98.6||

TNF� (pg/ml) 248.8 ± 21.2 204.3 ± 19.6* 520.6 ± 31.1|| 410.3 ± 21.6*||

PAI-1 (ng/ml) 444.5 ± 13.1 349.8 ± 8.7* 655.1 ± 13.0|| 546.8 ± 8.9||

Data represent the mean ± SD. * p < 0.05, † p < 0.01 vs. Visceral adipose tissue in the same group of patients. ‡ p < 0.05; § p < 0.01, || p < 0.001
vs. respectable adipose tissue of subjects with a normal lipid profile



(p < 0.05) and this effect was stronger than that of

atorvastatin administered alone (p < 0.05).

Neither atorvastatin nor fenofibric acid treatment

altered the release of leptin in omental fat of nor-

molipidemic subjects. In addition, no effect was ob-

served when both agents were administered together.

In cultures of subcutaneous tissue obtained from

patients with normal lipid profile, atorvastatin admin-

istered together with fenofibric acid insignificantly re-

duced leptin secretion (by 17.8%), whereas no effect

was produced by both drugs administered alone.

Adiponectin

In cultures of visceral fat of mixed dyslipidemic pa-

tients, atorvastatin and fenofibric acid increased adi-

ponectin release by 47.1% (p < 0.001) and by 42.6%

(p < 0.001), respectively (Fig. 2). The strongest effect

on the release of this adipokine (an increase by

70.0%, p < 0.001) was observed in cultures treated si-

multaneously with both these agents.

In cultures of subcutaneous fat of patients with

dyslipidemia, both atorvastatin and fenofibric acid en-
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Fig. 1. Effect of atorvastatin and fenofi-
bric acid on leptin release by adipose
tissue of patients with mixed dyslipide-
mia and subjects with a normal lipid
profile. Data represent the mean ± SD.
* p < 0.05, ** p < 0.01 vs. untreated
cultures, � p < 0.05 vs. cultures treated
with atorvastatin
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Fig. 2. Effect of atorvastatin and fenofi-
bric acid on adiponectin release by
adipose tissue of patients with mixed
dyslipidemia and subjects with a nor-
mal lipid profile. Data represent the
mean ± SD. *** p < 0.001 vs. untreated
cultures



hanced adiponectin release. For atorvastatin, adipo-

nectin release increased by 48.1% (p < 0.001), while

fenofibric acid increased it by 45.1% (p < 0.001). The

effect on adiponectin secretion (an increase by 61.0%,

p < 0.001) was most pronounced when both agents

were administered together.

In visceral adipose tissue of subjects without lipid

abnormalities, atorvastatin release increased by

33.3% (p < 0.001) and by 34.8% (p < 0.001), respec-

tively, after atorvastatin and fenofibric acid treatment.

The strongest increase in adiponectin release (by

46.9%, p < 0.001) by visceral adipose tissue of nor-

molipidemic patients was observed when atorvastatin

and fenofibric acid were administered together.

Atorvastatin or fenofibric acid, administered alone

or in combination, did not change adiponectin release

by cultures of subcutaneous fat obtained from nor-

molipidemic patients.

Resistin

Atorvastatin increased resistin secretion by visceral

adipose tissue of dyslipidemic patients by 25.6% (p < 0.05)

while fenofibric acid reduced it by 21.4% (p < 0.05)

(Fig. 3). The effect of fenofibric acid was signifi-

cantly different from that of atorvastatin (p < 0.01).

When administered together, atorvastatin and fenofi-

bric acid tended to reduce resistin release (by 16.2%)

and this effect was significantly different from that

exhibited by atorvastatin alone (p < 0.01).

In subcutaneous adipose tissue obtained from

mixed dyslipidemic patients, atorvastatin increased

resistin secretion by 37.8% (p < 0.01), while fenofi-

bric acid tended to reduce it (by 14.8%). Combined

administration of both agents reduced resistin release

by 20.5% (p < 0.05) and this effect was significantly

different from that of atorvastatin (p < 0.001).

In cultures of visceral adipose tissue of subjects

with a normal lipid profile, only simultaneous use of

atorvastatin and fenofibric acid reduced resistin re-

lease by 32.3% (p < 0.05) and this effect was signifi-

cantly different than that of atorvastatin (p < 0.01)

and fenofibric acid (p < 0.05) given alone.

In cultures of subcutaneous fat of normolipidemic

subjects, resistin secretion increased by 21.2% (p < 0.05)

after atorvastatin while no effect was exhibited by

fenofibric acid. Combined treatment insignificantly

reduced resistin secretion (by 15.8%) and this effect

was significantly different from that of atorvastatin

and fenofibric acid administered alone (p < 0.05).

Interleukin-6

In visceral adipose tissue of patients with mixed

dyslipidemia, only combined treatment with atorvas-

tatin and fenofibric acid reduced interleukin-6 release

by 23.3% (p < 0.01) (Fig. 4). No effect was produced

when the agents were administered alone. The effect

of both drugs administered together was stronger than
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Fig. 3. Effect of atorvastatin and fenofi-
bric acid on resistin release by adi-
pose tissue of patients with mixed
dyslipidemia and subjects with a nor-
mal lipid profile. Data represent the
mean ± SD. * p < 0.05, ** p < 0.01 vs.

untreated cultures; � p < 0.05, �� p <
0.01, ���p < 0.001 vs. cultures treated
with atorvastatin; � p < 0.05 vs. cul-
tures treated with fenofibric acid



that of either atorvastatin or fenofibric acid adminis-

tered alone (p < 0.05).

In subcutaneous adipose tissue of subjects with

mixed dyslipidemia no changes in interleukin-6 secre-

tion were observed in any treatment group.

In subjects with normal lipid profile, the only ob-

served change was a reduction of interleukin-6 by vis-

ceral adipose tissue (by 20.2%, p < 0.05) in cultures

treated with both atorvastatin and fenofibric acid. The

effect of combination treatment was stronger than the

effect of each drug administered alone (p < 0.05).

TNF�

Neither atorvastatin nor fenofibric acid administered

alone reduced TNF� release from cultures of visceral

fat obtained from mixed dyslipidemic patients (Fig.

5). When both agents were administered together

TNF� secretion decreased by 40.4% (p < 0.001) and

this effect was stronger than the action of atorvastatin

(p < 0.01) and fenofibric acid (p < 0.05) alone.

In visceral adipose tissue of patients without lipid

abnormalities, fenofibric acid tended to decrease
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Fig. 4. Effect of atorvastatin and fenofi-
bric acid on interleukin-6 release by
adipose tissue of patients with mixed
dyslipidemia and subjects with a nor-
mal lipid profile. Data represent the
mean ± SD. * p < 0.05, ** p < 0.01 vs.
untreated cultures; � p < 0.05 vs. cul-
tures treated with atorvastatin; � p <
0.05 vs. cultures treated with fenofibric
acid
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bric acid on TNF� release by adipose
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TNF� release (by 19.2%), while combined treatment

reduced it by 22.8% (p < 0.05). No effect was produced

by atorvastatin. The effect of combined treatment was

stronger than the effect of atorvastatin (p < 0.05).

No drug-induced changes in TNF� release were

observed in subcutaneous adipose tissue of both

dyslipidemic and normolipidemic subjects.

PAI-1

In omental adipose tissue of mixed dyslipidemic pa-

tients, atorvastatin decreased PAI-1 secretion by 22.7%

(p < 0.05), whereas no effect was observed when cul-

tures were treated with fenofibric acid (Fig. 6). In cul-

tures treated with both drugs, PAI-1 release decreased

by 23.5% (p < 0.05). The action of atorvastatin or

atorvastatin together with fenofibric acid was signifi-

cantly different from that of fenofibric acid adminis-

tered alone (p < 0.05).

In cultures of subcutaneous fat of patients with

mixed dyslipidemia, atorvastatin, but not fenofibric

acid, decreased PAI-1 release (by 26.5%, p < 0.05).

When given in combination, both agents reduced the

secretion of this marker by 25.1% (p < 0.05). The effect

of atorvastatin alone or as a combined treatment was

stronger than that of fenofibric acid alone (p < 0.05).

In visceral fat of normolipidemic subjects, atorvas-

tatin reduced PAI-1 secretion by 21.1% (p < 0.05),

while no effect was produced by fenofibric acid. Si-

multaneous treatment with atorvastatin and fenofibric

acid decreased PAI-1 release by 20.0% (p < 0.05).

The action of atorvastatin and of combined treatment

was stronger than that of fenofibric acid (p < 0.05).

No changes in PAI-1 release in any treatment group

were observed in subcutaneous fat of subjects without

lipid abnormalities.

Discussion

The major findings of our study are that pleiotropic

effects of atorvastatin and fenofibric acid involve

their impact on the hormonal function of human adi-

pose tissue and that this impact is strongest when both

these agents are administered together.

In our study, we determined adipokine secretion in

whole adipose tissue cultures, the use of which al-

lowed us to investigate adipokine release under condi-

tions simulating the in vivo situation. The applied

methodology enabled us to assess interaction of vari-

ous types of cells contained in adipose tissue without

artificial influences associated with purification pro-

cedures. Our study has revealed that adipose tissue of

patients suffering from mixed dyslipidemia released

significantly more leptin, resistin, TNF�, interleukin-6

and PAI-1 and significantly less adiponectin than adi-

pose tissue of subjects with a normal lipid profile.

Taking into consideration that eating disorders
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profile. Data represent the mean ± SD.
* p < 0.05 vs. untreated cultures; � p <
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strongly affect plasma adipokine levels [7], similar

values of body mass index between patients with and

without mixed dyslipidemia minimizes the possibility

that the observed differences resulted from the influ-

ence of body weight. In light of the metabolically

beneficial, anti-inflammatory and anti-atherogenic ac-

tion of adiponectin, and the opposite effects of leptin,

resistin, interleukin-6, TNF� and PAI-1 [7, 17, 18,

38], a decrease in adiponectin release and an increase

in the secretion of the remaining adipokines may be

involved in the development and progression of

mixed dyslipidemia.

Previously it has been found that visceral and sub-

cutaneous adipose tissue exhibit distinct patterns of

hormone production and processing [26]. In our

study, omental fat released more TNF� and less adi-

ponectin than subcutaneous fat, while the secretion of

interleukin-6, PAI-1 and resistin depended on the

metabolic state of an organism. The increased produc-

tion of adiponectin in subcutaneous fat may in some

degree protect against harmful effects of excessive

hormonal activity of visceral adipose tissue, thus pre-

venting the development of metabolic and cardiovas-

cular complications induced by overexpression in the

latter tissue of TNF� and other risk factors. Interest-

ingly, the pattern of resistin release between both fat

deposits in our study was related to the lipid profile.

Visceral fat was the primary source of this adipokine

in dyslipidemic subjects, while subcutaneous fat was

the primary source in normolipidemic subjects. This

dichotomy in resistin production between patients

with and without lipid abnormalities may in part ex-

plain contrasting data concerning the role of high

plasma resistin levels as a marker of cardiovascular

and metabolic disorders [17, 26].

Unexpectedly, significant differences in interleukin-6

and PAI-1 release between visceral and subcutaneous

fat were observed only in adipose tissue obtained

from normolipidemic, but not dyslipidemic patients.

Therefore, it is possible that subcutaneous fat may

constitute a reserve source of some adipokines, the

role of which becomes more important when lipid

metabolism is disturbed. Because in adipose tissue

interleukin-6 and PAI-1 are produced mainly by tissue

matrix and stromovascular cells [7, 17], our findings

may suggest the hormonal activity of these cells in

subcutaneous fat increases in patients with an abnor-

mal lipid profile.

Our results indicate that atorvastatin and fenofi-

brate exhibit their pleiotropic effects in part via the

changing of adipokine release by human adipose tis-

sue, regardless of its location. In the case of atorvasta-

tin, this action is probably due to inhibition of the syn-

thesis of several important nonsterol isoprenoids de-

rived from the mevalonate pathway, especially

farnesyl and geranylgeranyl pyrophosphates [1]. In

turn, for fenofibric acid it seems to be secondary to af-

fects on other signaling pathways, such as NF�B,

AP1, or STAT, caused by the stimulation of PPAR�

receptors [25].

The results of two recent studies have provided two

potential explanations for a study-dependent effect of

hypolipidemic agents on the release and plasma levels

of adipokines. In the first study [33], pravastatin ad-

ministered to patients with coronary artery disease un-

dergoing CABG increased adiponectin gene expres-

sion only in samples of adipose tissue obtained from

visceral fat. In the second one [19], fenofibrate action

on the muscle expression of adiponectin mRNA and

plasma peptide levels in mice was diet-dependent.

Considering the results of both these studies, it may

be hypothesized that the action of hypolipidemic

agents on adipose tissue hormonal function depends

either on a tissue origin of fat and/or on the baseline

metabolic state of an organism. Unfortunately, so far

no study has been conducted to directly assess the ef-

fect of statins and fibrates on adipokine release rela-

tive to the baseline levels of lipids. Obtaining our

study samples from various fat deposits and from both

dyslipidemic and normolipidemic patients have

helped us verify both these hypotheses. The effect of

atorvastatin and fenofibric acid on adipose tissue was

generally more pronounced in cases where the sam-

ples were obtained from mixed dyslipidemic patients.

This finding supports the hypothesis that lipid me-

tabolism may determine the global action of statins

and fibrates on the secretory function of human adi-

pose tissue and this action is more pronounced when

this metabolism is abnormal. Thus, our study provides

some evidence that dyslipidemic patients may benefit

more from treatment with statins or fibrates than those

with normal lipid profile also when it comes to their

pleiotropic effects.

We have also observed that the effect of atorvasta-

tin and fenofibric acid was stronger in visceral than

subcutaneous fat. However, some changes were ob-

served also in the latter, particularly when it was ob-

tained from dyslipidemic patients. This suggests that

although visceral tissue is probably the major target

for lipid-lowering drugs, their action at the level of
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subcutaneous fat hormonal activity may also bring

some important clinical benefits.

Very few previous head to head studies compared

HMG-CoA reductase inhibitors and PPAR� activa-

tors in respect to their pleiotropic action at the level of

adipose tissue hormonal activity. Not only were these

studies limited to investigation of plasma content of

only few markers but they also gave conflicting re-

sults. In type 2 diabetic patients, a 6-week-treatment

with fenofibrate or atorvastatin did not change plasma

adiponectin and resistin concentrations [33]. In mixed

dyslipidemic subjects, atorvastatin plus fenofibrate or

fenofibrate administered alone were superior to ator-

vastatin in reducing plasma adiponectin concentra-

tions [27]. Finally, a two-month combined manage-

ment of dyslipidemic type 2 diabetic patients with

fenofibrate and rosiglitazone increased adiponectin

and decreased plasma resistin plasma concentrations,

while no effect was observed if the patients were

treated simultaneously with atorvastatin and gliben-

clamide [40]. Our study was the first to have com-

pared two major groups of hypolipidemic agents on

the secretion of adipokines by adipose tissue. For

most studied adipokines, the magnitude of the drug-

induced changes in adipokine release was moderate

but similar in extent for both agents. Taking into ac-

count the postulated strong association of obesity, dia-

betes and coronary artery disease with abnormal

plasma levels of adipokines, even a modest effect of

atorvastatin and fenofibric acid on these variables

could be important for their clinical effectiveness.

Taking into consideration global effect of atorvastatin

and fenofibric acid on the secretory function of hu-

man fat, the results suggest that neither fibrates nor

statins can be recommended as ones having stronger

and more beneficial pleiotropic effects at the level of

human adipose tissue. However, there were some dif-

ferences between them. Only fenofibric acid reduced

leptin secretion in visceral and subcutaneous fat of

mixed dyslipidemic patients while only atorvastatin

decreased PAI-1 release in both fat deposits of

dyslipidemic patients and in visceral fat of normolipi-

demic subjects. In the case of PAI-1, our results are in

line with the ones obtained by other authors who ob-

served that rosuvastatin reduced PAI-1 synthesis and

release in cultures of human adipocytes [28] while

PPAR� activators (including fenofibrate) do not af-

fect PAI-1 production by human adipose tissue [20].

In dyslipidemic patients, both drugs produced the op-

posite effect on resistin secretion. Because this effect

was induced only by their highest doses and because

the role of resistin in humans as a risk factor of meta-

bolic and cardiovascular disorders is not as yet fully

established, the data available on this issue are insuffi-

cient to draw a conclusion as to the practical signifi-

cance of this finding. Interestingly, when given sepa-

rately, neither atorvastatin nor fenofibric acid affected

adipose tissue interleukin-6 release. Taking into ac-

count that fenofibrate and atorvastatin reduce plasma

interleukin-6 levels [36, 39], our results may suggest

that adipocyte tissue production of this adipokine is

probably less susceptible to fibrate and statin treat-

ment than its production by other tissues.

To the best of our knowledge, no previous study

has been aimed at establishing whether concomitant

administration of a statin and a fibrate offers any addi-

tional benefits when it comes to the action on adipose

tissue hormonal activity. Our results seem to support

this hypothesis. Only combined administration of

atorvastatin and fenofibric acid reduced the release of

interleukin-6 and TNF� by omental fat of dyslipi-

demic patients. Combined treatment was superior to

only one agent in reducing resistin release by visceral

and subcutaneous fat of normolipidemic patients,

TNF� release by visceral fat of dyslipidemic patients,

as well as interleukin-6 release by visceral fat of both

groups of patients. Moreover, adipose tissue secretion

of most other investigated factors was mostly pro-

nounced if cultures were treated simultaneously with

atorvastatin and fenofibric acid. Considering that even

small differences in plasma concentrations of these

factors are related to a various grade of insulin resis-

tance and a various risk of ischemic heart disease and

their complications [7, 17, 18, 38], a moderate addi-

tive effect of atorvastatin and fenofibric acid on adi-

pokine secretion by human adipose tissue seems to

contribute to cardiovascular and metabolic benefits of

combination statin plus fibrate therapy [3].

Interestingly, simultaneous administration of ator-

vastatin and fenofibric acid also resulted in multidi-

rectional favorable changes in the secretion of almost

all assessed markers in patients without lipid abnor-

malities. These changes were less pronounced in cul-

tures exposed to only one of these agents but were sta-

tistically significant for adiponectin, resistin and

PAI-1, and for adiponectin when cultures were treated

with atorvastatin or fenofibric acid, respectively. This

suggests that statins and fibrates, especially if given

together, may lead to measurable benefits in nor-
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molipidemic patients of high risk of cardiovascular

and metabolic disorders.

Our study has at least three limitations. Because of

ethical considerations, adipose tissue samples were

collected under general anesthesia. Although there is

no evidence that the operation procedure affects ator-

vastatin and fenofibric acid action on adipokine re-

lease or plasma content, such an effect cannot be en-

tirely discounted. Secondly, the study included only

patients with one type of dyslipidemia. Therefore, it is

not certain whether HMG-CoA reductase inhibitors

and PPAR� activators on adipose tissue hormonal

function produces a similar effect also in subjects

with isolated hypercholesterolemia or isolated hyper-

triglyceridemia. Finally, an increase in the fenofi-

brate-induced serum high-molecular-weight (HMW)

but not total adiponectin concentration in hypertri-

glyceridemic patients [32] suggests that the assess-

ment of total adiponectin release might not reflect

precisely drug-induced changes in adiponectin frac-

tions of various molecular weights. However, because

these results were not reproduced by other authors

[16], the question of whether the effect of atorvastatin

and fenofibric acid on HMW adiponectin release by

adipose tissue is stronger than that on total adipo-

nectin requires further study.

In conclusion, our study has revealed that there are

differences in adipose tissue hormonal activity be-

tween mixed dyslipidemic and normolipidemic pa-

tients and between visceral and subcutaneous adipose

tissue. Both atorvastatin and fenofibric acid exhibit

a moderate, but similar in extent, effect on adipokine

release by human adipose tissue, regardless of its ori-

gin. This effect, which is stronger in patients with

mixed dyslipidemia and particularly pronounced if

they are given together, may contribute to the clinical

effectiveness of statins and fibrates in the prevention

and treatment of dyslipidemia and its complications.
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