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Abstract:

A growing body of evidence suggests that some drugs used in cardiovascular diseases may modulate the level of proinflammatory

cytokines. In the present study we examined whether nebivolol, a third generation �-adrenergic blocker, influences lipopolysaccha-

ride (LPS)-induced serum concentrations of TNF-�, IL-1�, and IL-6 in normotensive (WKY) and spontaneously hypertensive rats

(SHR). Nebivolol (5 mg/kg and 10 mg/kg) or vehicle were administered by gavage once a day for 21 days. The drug (5 mg/kg and

10 mg/kg) did not modify LPS-stimulated serum concentrations of TNF-�, IL-1� and IL-6 in normotensive or hypertensive rats and

did not affect the total cholesterol and HDL cholesterol level. Nebivolol, at the dose of 10 mg/kg, significantly increased the triglyc-

eride concentration in SHR only. The results were accompanied by a statistically significant decrease in systolic, diastolic and mean

blood pressure after 21 days of both of the drug doses. In hypertensive and normotensive rats, nebivolol had a hypotensive activity

and neutral effect on lipid profile. In our in vivo model, the immunomodulating effect of the drug was not significant and probably

did not depend on hemodynamic action.
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Introduction

Nebivolol, a racemic mixture of (+)- and (–)-enant-

iomers, is a �1-selective adrenergic blocker with addi-

tional vasodilating properties. The (+)-enantiomer has

selective �1- receptor blocking activity, whereas both

(+)- and (–)-enantiomers cause arterial and venous dila-

tation [16, 32]. Nebivolol stimulates endothelial nitric

oxide (NO) synthesis, thereby increasing the avail-

ability of NO in the endothelium, smooth muscle and

platelets. Consequently, it produces a sustained vaso-

dilation, with decreases in peripheral resistance and

blood pressure. These effects are mainly exerted by

the (–)-enantiomer. (–)-Nebivolol also increases NO

availability under conditions of oxidative stress by in-

hibiting endothelial NO synthase (eNOS) uncoupling,

thereby reducing NO inactivation [16]. Stimulation of

NO synthase by nebivolol could be caused by translo-

cation and phosphorylation of eNOS [19]. Addition-
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ally, nebivolol has antioxidant properties [1, 15, 18].

These effects could be beneficial in ocular perfusion

in glaucoma patients [33, 36]. In animal models, ne-

bivolol reduced hypertrophy and collagen deposition

in vascular and left ventricle, an effect that was main-

tained after a long period of therapy withdrawal [13].

The drug also improved renal function and reduced

inflammation and apoptosis after renal ische-

mia/reperfusion injury in rats [10]. Renna et al. [26]

demonstrated that nebivolol could effect reversal of

cardiovascular structural changes associated with

insulin-resistance syndrome. It has been suggested

that nebivolol-induced NO synthesis can prevent

atherosclerotic lesion progression [7]. Moreover,

Wolf et al. [34, 35] and Garbin et al. [11] showed the

effects of nebivolol on inflammatory mediators in hu-

man coronary endothelial and smooth muscle cells.

Considering this data, along with our previous re-

sults (atenolol and propranolol studies), we decided to

investigate the serum concentrations of selected proin-

flammatory cytokines: tumor necrosis factor (TNF-�),

interleukin-(IL)-6 and IL-1� after nebivolol admini-

stration in normotensive and hypertensive rats. It is

known that IL-6 induces increased plasma concentra-

tions of fibrinogen, PAI-1 (plasminogen activator

inhibitor-1) and CRP (C-reactive protein). High IL-6

levels are associated with an increased risk of myo-

cardial infarction in healthy men [28]. IL-1 is in-

volved in the early stages of the inflammatory process

and its plasma concentration is elevated in patients

with hypertension [6, 21]. TNF-� is secreted by sev-

eral cell types involved in vascular inflammation in-

cluding endothelial cells, vascular smooth muscle

cells and macrophages [4, 28]. Bhagat and Vallance

[5] demonstrated that TNF-� impaired endothelium-

dependent dilatation in human veins in vivo.

We decided to evaluate the potential beneficial

properties of a nebivolol-mediated decrease in proin-

flammatory cytokine levels in our experimental

model. We also attempted to determine if possible

changes in cytokine levels could result from the he-

modynamic effect of the drug.

Materials and Methods

Animals

The study was conducted on 12–14-week-old sponta-

neously hypertensive male rats (SHR) and normoten-

sive Wistar-Kyoto rats (WKY), with an initial body

weight of 240–290 g. The animals had free access to

standard food and tap water. Their body weight was

monitored throughout the course of experiments. Rats

were housed in standard plastic cages, 10 animals per

cage, at a constant temperature of 21 ± 1°C and under

a 12 h light/12 h dark cycle. In order to select the ani-

mals, preliminary examinations were carried out dur-

ing the second and third week of adaptation. Rats with

high blood pressure fluctuations were excluded from

the study. The experiments were conducted between 8

a.m. and 4 p.m. All experimental procedures were

performed in accordance with the Guide for the Care

and Use of Laboratory Animals and were approved by

the Local Ethics Committee for the Experiments on

Animals (no 5/LB348).

The following preparations were used in the ex-

periments: nebivolol (Berlin-Chemie Menarini, Ger-

many), methylcellulose (Sigma, USA), and LPS from

Escherichia coli serotype 055:B5 (Sigma, USA).

Experimental design

Rats were divided into six experimental groups as fol-

lows:

1) control hypertensive rats receiving 1% methylcel-

lulose (n = 10),

2) hypertensive rats receiving nebivolol – 5 mg/kg

(n = 15),

3) hypertensive rats receiving nebivolol – 10 mg/kg

(n = 15),

4) control normotensive rats receiving 1% methylcel-

lulose (n = 10),

5) normotensive rats receiving nebivolol – 5 mg/kg

(n = 15),

6) normotensive rats receiving nebivolol – 10 mg/kg

(n = 15).

Nebivolol (5 mg/kg and 10 mg/kg) was suspended

in 1% methylcellulose and administered by gavage in

a 1 ml/kg volume once daily for 3 weeks. Control rats

received 1% methylcellulose (1 ml/kg). Control arte-

rial blood pressure measurements were carried out af-

ter the first, second and third week of drug admini-

stration.

Twenty-four hours after the last administration of

nebivolol or vehicle, the rats received a single dose of

LPS (ip; 0.1 mg/kg in a 1 ml/kg volume of saline). Af-

ter 2 h, the rats were anesthetized with ether and

blood samples were collected by heart puncture. The

blood was allowed to clot overnight at 4°C, and then
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centrifuged for 20 min at 2,000 × g. The serum was

removed and stored at –20°C until the assays (cyto-

kine and lipid level). Preliminary studies showed no

detectable amounts of cytokines in serum of SHR.

A small dose of LPS was administered in order to

achieve a measurable cytokine level. The time of

blood sample collection after LPS administration was

chosen according to Dredge et al. [8].

Arterial blood pressure and heart beat

measurement

Arterial blood pressure was measured in conscious

rats by a manometer (LETICA, Panlab S.L., Spain),

using the tail-cuff method as described by Górska and

Andrzejczak [12]. To calm the animals and dilate the

tail blood vessels before the measurements, the rats

were placed inside a warming chamber (about 34°C)

for 30 min. The measurements of arterial blood pres-

sure (systolic, diastolic and mean) were carried out at

least three times for each animal and values were

based on the mean of several successive measure-

ments. Changes in pressure are expressed as the per-

centage of baseline values.

The heart rate was measured by the manometer

automatically and shown in beat per minute.

Lipid profile determination

Total cholesterol levels were determined with the cho-

lesterol oxidase method using a commercially avail-

able kit (Cholesterol CHOD PAP, Biolabo, Maizy,

France).

HDL cholesterol was measured with the choles-

terol kit after low density lipoproteins, very low den-

sity lipoproteins and chylomicrons from the samples

had been precipitated by phosphotungstic acid and

magnesium chloride (HDL-cholesterol – PTA, Bio-

labo, Maizy, France). Triglycerides (TG) were meas-

ured using a commercially available kit (Triglycerides

GPO Method, Biolabo, Maizy, France).

Serum cytokine levels

Serum TNF-�, IL-1� and IL-6 concentrations were

measured in duplicate with a commercially available

enzyme-linked immunosorbent assay kit (Quantikine,

R&D Systems, USA) according to the manufacturer’s

instructions.

Statistical analysis

Results are expressed as the mean ± SEM. The nor-

mality of distribution was checked by the Kolmo-

gorov-Smirnov test with Lilliefors test. The statistical

evaluation was performed using analysis of variance

(ANOVA) and post-hoc comparisons were performed

by means of Least Significant Differences (LSD) test.

If the data were not normally distributed, statistical

evaluation was performed using ANOVA (Kruskal-

Wallis) and Mann-Whitney U test. Differences were

considered significant when p < 0.05. The initial val-

ues of arterial blood pressure were assumed as 100%.

Results

Blood pressure and heart rate

The SHR selected for the experiments had initial

mean arterial blood pressure values as follows: sys-

tolic pressure 233.82 ± 20.11 mmHg, diastolic pres-

sure 118.00 ± 17.12 mmHg and mean pressure 159.55

± 15.83 mmHg. In WKY rats, which were chosen as

a control strain, had the following mean values of ar-

terial blood pressure: systolic 135.67 ± 10.02 mmHg,

diastolic 84.83 ± 10.46 mmHg and mean 101.33

± 7.88 mmHg. The SHR and WKY rats did not show

changes in any values of pressure during administra-

tion of 1% methylcellulose.

Treatment of WKY rats with 5 mg/kg nebivolol for

three weeks resulted in a significant decrease in sys-

tolic, diastolic and mean blood pressure. Additionally,

a significant decrease in systolic blood pressure was

observed following two weeks of the drug administra-

tion. Nebivolol at the 10 mg/kg dose caused a hy-

potensive effect in normotensive rats, evidenced by

a decrease in diastolic and mean blood pressure after

the first week of drug administration and systolic

blood pressure in the second week. In SHR, nebivolol

at both doses caused a significant decrease in systolic,

diastolic and medium blood pressure at all points of

observation (except systolic blood pressure in the first

week) in comparison with the control group. The re-

sults are shown in Table 1 (A, B, C).

In SHR, 10 mg/kg nebivolol decreased systolic,

diastolic and mean blood pressure to the values of

normotensive animals in the third week of observation

(157.13 ± 5.87 vs. 133.25 ± 5.31 mmHg (p = 0.068);
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Tab. 1. Effects of the repeated administration of nebivolol by gavage on (A) systolic, (B) diastolic, (C) mean blood pressure and (D) heart beat
in normotensive (WKY) and hypertensive (SHR) rats

A

Time after drug
administration

(week)

Mean changes in systolic blood pressure (% of initial values)

WKY SHR

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

1 98.73 ± 3.85 89.31 ± 1.78 92.41 ± 2.92 96.99 ± 5.70 85.87 ± 2.19 84.11 ± 4.90

2 98.30 ± 3.66 85.21* ± 2.54 80.80* ± 2.74 95.92 ± 2.41 86.89# ± 2.57 72.77# ± 5.18

3 97.19 ± 4.21 84.06* ± 1.99 78.45* ± 2.56 96.59 ± 3.11 85.53# ± 3.77 66.45# ± 3.62

B

Time after drug
administration

(week)

Mean changes in diastolic blood pressure (% of initial values)

WKY SHR

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

1 101.96 ± 5.10 94.33 ± 4.63 82.54* ± 3.64 105.94 ± 3.43 88.06� ± 5.33 86.49� ± 4.77

2 100.78 ± 8.47 91.87 ± 5.82 85.25 ± 2.90 106.36 ± 4.75 86.23� ± 5.79 71.65� ± 6.43

3 100.81 ± 6.64 80.32 * ± 4.74 80.51* ± 4.22 101.91 ± 7.75 80.95�± 4.34 74.85� ± 6.46

C

Time after drug
administration

(week)

Mean changes in mean blood pressure (% of initial values)

WKY SHR

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

1 100.41 ± 2.94 93.13 ± 2.96 88.04* ± 3.13 102.65 ± 3.74 86.65� ± 1.46 84.67� ± 2.85

2 96.63 ± 5.23 89.02 ± 4.06 84.71* ± 2.77 101.08 ± 3.01 86.50� ± 2.68 71.61� ± 4.71

3 98.64 ± 4.96 81.85* ± 3.09 79.87*± 3.27 99.22 ± 4.57 85.72�± 3.81 69.98�± 3.64

Values are the means ± SEM. * p < 0.05 in comparison with vehicle-treated WKY, � p < 0.05 in comparison with vehicle-treated SHR

D

Time after drug
administration

(week)

Mean changes in heart rate (beat per min)

WKY SHR

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

Vehicle
(n = 10)

Nebivolol
5 mg/kg
(n = 15)

Nebivolol
10 mg/kg
(n = 15)

0 294.60 ± 6.67 304.87 ± 4.51 300.93 ± 4.69 325.82 ± 4.56 317.87 ± 4.81 317.93 ± 5.81

1 288.90 ± 7.42 277.93* ± 5.71 274.40* ± 4.34 318.09 ± 6.17 303.53� ± 4.55 288.93�� ± 3.87

2 284.90 ± 6.27 269.27* ± 5.94 277.46* ± 2.67 311.55 ± 6.14 291.93� ± 4.15 268.57�� ± 7.23

3 304.20 ± 6.73 277.07* ± 5.25 274.27* ± 2.74 323.45 ± 5.22 303.13� ± 3.59 287.85�� ± 5.73

Values are the means ± SEM. * p < 0.05 in comparison with baseline value (“0”) in nebivolol-treated WKY; � p < 0.05 in comparison with base-
line value (“0”) in nebivolol-treated SHR; � p < 0.05 in comparison with 5 mg/kg nebivolol-treated SHR



83.60 ± 6.28 vs. 85.99 ± 5.29 mmHg (p = 0.923);

109.33 ± 4.88 vs. 100.81 ± 5.08 mmHg (p = 0.503),

respectively). This drug effect was also seen for dia-

stolic and mean blood pressure in the second week

(80.03 ± 6.05 vs. 85.97 ± 3.62 mmHg (p = 0.922) and

111.88 ± 7.04 vs. 98.76 ± 4.18 mmHg (p = 0.122), re-

spectively). On the other hand, 5 mg/kg nebivolol

changed only diastolic pressure in the second and

third week of the study (a decrease to the values of

WKY rats). The diastolic pressure was 97.08 ± 4.92

vs. 85.97 ± 3.62 mmHg (p = 0.096) in the second week

and 91.15 ± 2.88 vs. 85.99 ± 5.29 mmHg (p = 0.468) in

the third week.

SHR and WKY rats selected for experiments sig-

nificantly differed (p = 0.00002) in basal heart beat

values; 320.08 ± 2.97 and 300.83 ± 2.94, respectively.

Nebivolol at the doses 5 and 10 mg/kg caused a sig-

nificant decrease in heart rate after the first, second

and third week of drug administration in comparison

with baseline values in WKY rats. Both doses de-

creased heart rate comparably. In SHR rats, both

doses of nebivolol decreased the heart rate values at

all points of observation. Additionally, the higher

dose of the drug was more effective (1st week p =

0.022; 2nd week p = 0.0083, 3rd week p = 0.028). The

results are shown in Table 1D.

Lipid profile

In both SHR and WKY rats, 5 mg/kg nebivolol did

not modify serum concentrations of total cholesterol,

HDL cholesterol and TG. The higher dose of the drug

produced a statistically significant increase of TG

level (p = 0.0001) in SHR rats. There were no changes

in TG, HDL and cholesterol concentration in WKY

rats. The data are shown in Figure 1.
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Fig. 1. Effects of the repeated admini-
stration of nebivolol on serum concen-
trations of total cholesterol (CH), HDL
cholesterol (HDL) and triglycerides
(TG) in (A) normotensive (WKY) and
(B) hypertensive (SHR) rats. Values
are the means ± SEM. * p < 0.05 in
comparison with the vehicle group



Cytokine level

Nebivolol at 5 and 10 mg/kg did not affect LPS-

induced serum levels of TNF-�, IL-1� and IL-6 in

WKY (Tab. 2A) and SHR rats (Tab. 2B).

Discussion

In our experimental model, nebivolol exerted an early

hypotensive effect that was probably caused by an ad-

ditional vascular component of the drug. We believe

that release of NO from the endothelium might pre-

vent an increase in peripheral vascular resistance in

response to a slowing heart rate. Additionally, the hy-

potensive effect of nebivolol was very effective be-

cause the higher dose of the drug in SHR decreased

arterial blood pressure to the values of normotensive

animals in the third week of administration.

Guerrero et al. [13] demonstrated that 8 mg/kg ne-

bivolol administered for 6 months produced a signifi-

cant decrease of systolic blood pressure in SHR. This

effect was marked in the fourth week of treatment and

persisted until the end of the study. Interestingly,

blood pressure increased in rats after withdrawal of

the drug, although it did not reach control values. Ate-

nolol (25 mg/kg), another �1-adrenergic receptor

blocker without vascular activity, significantly de-

creased systolic and medium blood pressure after the

third week of treatment and did not change diastolic

pressure in SHR [2]. Similarly, when 40 mg/kg pro-

pranolol, a nonselective �-adrenoceptor antagonist,

was administered, a hypotensive effect (in all the

measured values of blood pressure) was observed af-

ter the same period of time [3].

We observed a significant influence of nebivolol on

heart rate but only in SHR. This effect was dose-

dependent in both rat strains. The maximum decrease

in this parameter was noted in the second week of

drug administration in all doses in SHR and WKY

animals. Additionally, the heart rates were similar in

the first and third weeks in these animals. A decrease

in heart rate after nebivolol treatment (8 mg/kg, drink-

ing water) was observed by Guerrero et al. [13, 14] in

SHR and WKY rats.

In our studies, nebivolol exerted no metabolic ef-

fect, although the higher dose of the drug significantly

increased serum TG concentration in SHR. To the

best of our knowledge, there have been no previous

reports of serum TG in nebivolol-treated rats. With

previous reports concerning the influence of nebivolol

on human lipid profiles in mind, we expected either

a decrease or no change in TG concentration in our

experimental model. Only one accessible animal study

has shown that in normolipidemic and hyperlipidemic

rabbits, nebivolol treatment (8 weeks, 5 mg/day) had

no significant effect on TG levels, total cholesterol or

LDL concentration [22]. Therefore, the increase in

TG in the 10 mg/kg nebivolol-treated group was un-

expected. The concentration of TG did not change de-

spite repeated measurements. There are several possi-

ble explanations for this phenomenon. There are sev-

eral reports of high cardioselectivity and a weak

blockade of �2-adrenoceptors by nebivolol [24, 30]. It

is possible that such a high dose of nebivolol in our

model caused loss of receptor selectivity. Non-

selective �-blockers may induce an increase in TG

levels [17].
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Tab. 2. Effects of the repeated administration of nebivolol on serum
concentrations of TNF-�, IL-1� and IL-6 in (A) normotensive (WKY)
and (B) hypertensive (SHR) rats

A

Serum
concentration
of cytokines

(pg/ml)

WKY

Vehicle
(n = 10)

Nebivolol
(5 mg/kg)
(n = 15)

Nebivolol
(10 mg/kg)

(n = 15)

TNF-� 2,473.28
± 88.69

2,536.5
± 25.79

2,541.57
± 28.91

IL-1� 139.87
± 24.42

169.12
± 26.38

151.49
± 22.1

IL-6 7,860.07
± 735.17

7,579.83
± 790.63

5,648.49
± 1046.57

B

Serum
concentration
of cytokines

(pg/ml)

SHR

Vehicle
(n = 10)

Nebivolol
(5 mg/kg)
(n = 15)

Nebivolol
(10 mg/kg)

(n = 15)

TNF-� 2,146.99
± 50.8

2,207
± 7.6

2,208
± 15.22

IL-1� 151.77
± 30.58

171.15
± 20.36

152.42
± 50.63

IL-6 5,167.83
± 773.07

4,728.04
± 712.87

4,282.79
± 439.68

Values are the means ± SEM



We could not exclude the possibility that LPS in-

fluenced the lipid profile. Feingold et al. [9] observed

that in Sprague-Dawley rats, the endotoxin produced

a dose-dependent increase in TG level without affect-

ing the total cholesterol concentration. Additionally,

our results could be an effect of an interaction of the

biological material with reagents used to determine

TG. We cannot exclude that the initial value of TG in

SHR treated with a high dose of nebivolol was higher

than other animals of the same strain because we ob-

served a significant increase of TG only in this group.

Indeed, this might be the most reasonable explanation

because we did not investigate lipid level before the

start of the experiment. Intravital blood collection

could also increase the cytokine level. Moreover, ani-

mals from different generations were used in each

group.

We did not observe any significant changes in total

cholesterol or HDL cholesterol levels in either rat

strain after nebivolol treatment. In a clinical study, Ri-

zos et al. [27] showed a trend of increasing HDL cho-

lesterol (8%) and decreasing TG levels (5%) in hyper-

tensive patients with hyperlipidemia after a 12-week

therapy period. Peter et al. [25] observed that there

were no significant changes in serum cholesterol or

TG concentration following nebivolol treatment in

patients with type 2 diabetes complicated with mild to

moderate hypertension. A significant increase in HDL

cholesterol was also noted. Van Nueten et al. [31] re-

ported a large and unexplained increase in TG levels

from 370 to 1067 mg/dl and from 170 to 695 mg/dl in

two patients after 12 weeks of treatment with 5 mg ne-

bivolol once daily.

Literature data seem to indicate that nebivolol dem-

onstrates cytokine-modulating effects that might de-

pend on NO activity [34] or the ability to reduce reac-

tive oxygen species released from the endothelium

[11]. Wolf et al. [34] suggested that nebivolol could

control the gene expression of cytokines, chemokines,

growth factors, cell adhesion molecules and acute

phase proteins by nuclear factor-�B (NF-�B). They ob-

served down-regulation of NF-�B-dependent genes in-

volved in inflammatory processes such as IL-1�, cyclo-

oxygenase 2 and TNF-�-induced protein 6 after treat-

ment with nebivolol. Moreover, Wolf et al. [35]

showed that human coronary artery endothelial cells

and smooth muscle cells incubated with nebivolol for

24 h had decreased levels of vascular cell adhesion

molecule-1, inter-cellular adhesion molecule-1, plate-

let-derived growth factor-B, E-selectin and P-selectin

mRNA expression, while metoprolol did not have this

effect. Treatment with nebivolol for 35 days before

and 28 days after carotid balloon injury inhibited

neointima formation by reducing vascular smooth

muscle cell proliferation and macrophage accumula-

tion in Sprague-Dawley rats [35]. On the other hand,

Garbin et al. [11] showed that nebivolol significantly

reduced oxidative stress-induced TNF-�, IL-6 and

ET-1 gene expression in human umbilical vein endo-

thelial cells in an in vitro model.

In our studies, proinflammatory cytokines (TNF-�,

IL-1� and IL-6) were chosen as markers of endothe-

lial dysfunction [28, 37]. We did not observe any

changes in the serum concentration of TNF-� or

IL-1�. However, we observed decreased serum levels

of IL-6 in both animal strains. This cytokine partici-

pates in the acute phase of tissular reaction to lesions

associated with immunological, ischemic or oxidative

stress [23]. The decrease in IL-6 concentration was

greater in normotensive animals receiving 10 mg/kg

nebivolol (p = 0.07) than hypertensive animals. This

might be rationalized by the considerable SEM or ba-

sal differences between the animal stains. Manson et

al. [20] reported marked deficiencies in bioavailable

NO together with increased ONOO levels in vessels

of SHR and WKY rats. The [NO]/[ONOO] ratio was

much lower in the SHR, indicating significant eNOS

uncoupling and endothelial dysfunction in the hyper-

tensive animals. Treatment with 10 µmol/l nebivolol

inhibited eNOS uncoupling and reduced endothelial

dysfunction in SHR.

The lack of change of TNF-� and IL-1� serum

concentration was unexpected. It is possible that the

in vivo experimental model led to results different

from those obtained in in vitro studies due to a sys-

temic response to nebivolol. On the other hand,

Schmidt et al. [29] reported a marked decrease in se-

rum high-sensitivity CRP in young and healthy light

smokers after 14 days treatment with nebivolol. An-

other limitation of our study was the indirect method

of cytokine determination used – in serum, not the en-

dothelium. It is possible that nebivolol was not effica-

cious enough to act systematically during only three

weeks of administration. However, in our previous

study, atenolol raised IL-6 in SHR (WKY rats were not

used) [2]. We are aware of the possibility that LPS could

influence cytokine concentration, but LPS should

change this parameter proportionally in each group.

The various observed effects of �-blockers could

not be connected only with adrenergic activity. Ate-
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nolol and metoprolol produced different immune ef-

fects than nebivolol in many studies [11, 35]. We at-

tempted to evaluate if possible changes in cytokine

levels resulted from a hemodynamic effect. We used

two strains of rats (normotensive and hypertensive)

for this purpose. However, the putative hypotensive

effect of nebivolol did not translate into changes in

cytokine levels.

Conclusions

Nebivolol displayed hypotensive activity and had

a neutral effect on lipid profiles in hypertensive and

normotensive rats. In our in vivo model, the immuno-

modulating effect of the drug was not significant and

probably did not depend on hemodynamic action.
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