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RESEARCH 

Rosuvastatin relaxes rat thoracic aorta, pulmonary artery, and trachea via 
nitric oxide, prostanoids, and potassium channels 

Rosuvastatin, sıçan torasik aortunu, pulmoner arterini ve trakesini nitrik oksit, 
prostanoidler ve potasyum kanalları yoluyla gevşetir 

Serdar Şahintürk1  

1Bursa Uludag University Medicine School, Department of Physiology, Bursa, Turkey 

Abstract Öz 
Purpose: This study aimed to determine the functional 
effects and mechanisms of the action of rosuvastatin on 
vascular and tracheal smooth muscle tissues.  
Materials and Methods: Vascular and tracheal rings (2-3 
mm) isolated from the thoracic aortas, pulmonary arteries, 
and tracheas of Wistar Albino male rats (250-300 g) were 
placed in chambers in the isolated tissue bath system. As 
the resting tension, 1 g was selected. Vascular rings 
contracted with 10-6 M phenylephrine after a 90-minute 
equilibration period. Tracheal rings contracted with 10-5 
M acetylcholine. After the contraction was steady, 
rosuvastatin (10-8-10-4 M) was cumulatively applied to the 
vascular and tracheal rings. The defined experimental 
methodology was repeated following the incubation of 
selective inhibitors of signaling pathways and K+ channel 
blockers to ascertain rosuvastatin's functional effect 
mechanisms.  
Results: In the precontracted rat vascular and tracheal 
rings, rosuvastatin induced concentration-dependent 
relaxation. The maximal relaxation level in vessel samples 
was 96%. On the other hand, the maximal relaxation level 
in tracheal samples was found to be 75%. The vasorelaxant 
effects of rosuvastatin were dramatically attenuated by 
endothelium removal, L-NAME treatment, and 
indomethacin incubation (up to 27%). With the incubation 
of tetraethylammonium, glyburide, 4-Aminopyridine, and 
anandamide, rosuvastatin-mediated vascular smooth 
muscle relaxation levels were significantly decreased (up to 
38%). Moreover, With the incubation of 
tetraethylammonium, glyburide, and 4-Aminopyridine 
rosuvastatin-mediated tracheal smooth muscle relaxation 
levels were significantly decreased (up to 30%).   
Conclusion: Rosuvastatin has a noticeable relaxing effect 
on the vascular and tracheal smooth muscles. The 
vasorelaxant effect of rosuvastatin involves intact 

Amaç: Bu çalışma rosuvastatin'in vasküler ve trakeal düz 
kas dokuları üzerindeki işlevsel etkilerini ve etki 
mekanizmalarını belirlemeyi amaçladı.  
Gereç ve Yöntem: Wistar Albino erkek sıçanların (250-
300 g) torasik aortları, pulmoner arterleri ve trakealarından 
izole edilen vasküler ve trakeal halkalar (2-3 mm), izole 
doku banyosu sistemindeki haznelere yerleştirildi. 
Dinlenme gerimi olarak 1 g seçildi. Vasküler halkalar, 90 
dakikalık dengeleme periyodundan sonra 10-6 M fenilefrin 
ile kasıldı. Trakeal halkalar ise 10-5 M asetilkolin ile kasıldı. 
Kasılma stabil hale geldikten sonra, rosuvastatin (10-8-10-
4 M) vasküler ve trakeal halkalara kümülatif olarak 
uygulandı. Rosuvastatin'in işlevsel etki mekanizmalarını 
belirlemek için seçici sinyal yolak inhibitörleri ve K+ kanal 
blokerlerinin inkübasyonu sonrasında belirlenen deneysel 
metodoloji tekrar edildi.  
Bulgular: Rosuvastatin, ön kasılma uygulanmış sıçan 
vasküler ve trakeal halkalarında doz bağımlı bir gevşeme 
oluşturdu. Damar örneklerindeki maksimal gevşeme 
düzeyi % 96 idi. Öte yandan, trake örneklerindeki 
maksimal gevşeme düzeyi % 75 olarak bulundu. 
Rosuvastatin'in vazodilatör etkileri, endotelin çıkarılması, 
L-NAME tedavisi ve indometazin inkübasyonu ile anlamlı 
olarak azaldı (% 27’ye kadar). Tetraethylammonium, 
gliburid, ve 4-Aminopiridin inkübasyonu ile rosuvastatin 
kaynaklı vasküler düz kas gevşeme düzeyleri önemli ölçüde 
azaldı (% 38’e kadar). Dahası, tetraethylammonium, 
gliburid ve 4-Aminopiridin inkübasyonu ile rosuvastatin ile 
uyarılan trakeal düz kas gevşeme düzeyleri anlamlı olarak 
azaldı (% 30’a kadar).  
Sonuç: Rosuvastatinin vasküler ve trakeal düz kaslarda 
belirgin bir gevşetici etkisi vardır. Rosuvastatin'in 
vazodilatör etkisi, sağlam endotel, nitrik oksit, 
prostanoidler ve K+ kanalları (BKCa, KV ve KATP 
kanalları) ile ilişkilidir. Ayrıca, nitrik oksit, prostanoidler, 
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endothelium, nitric oxide, prostanoids, and K+ channels 
(BKCa, KV, and KATP channels). Furthermore, nitric 
oxide, prostanoids, BKCa channels, KV channels, and 
KATP channels play a role in rosuvastatin-induced 
tracheal smooth muscle relaxation. 

BKCa kanalları, KV kanalları ve KATP kanalları, 
rosuvastatin tarafından indüklenen trakeal düz kas 
gevşemesinde rol oynamaktadır. 
 

Keywords: Aorta, nitric oxide, potassium, pulmonary 
artery, rosuvastatin, trachea. 

Anahtar kelimeler: Aort, nitrik oksit, potasyum, 
pulmoner arter, rosuvastatin, trake. 

 

INTRODUCTION 

The common medication for treating 
hypercholesterolemia, statins, are selective HMG-
CoA reductase (HMG-CoA) reductase inhibitors1. 
The most efficient medications for decreasing 
cholesterol levels nowadays are statins, which were 
discovered in the late 1970s2,3. It is proposed that 
statins, which are frequently used in medical clinics to 
prevent coronary artery disease and stroke, have 
pleiotropic effects separate from their cholesterol-
lowering benefits. Improved endothelial dysfunction, 
antioxidant effects, stabilization of atherosclerotic 
plaque, and suppression of inflammatory responses 
are the key outcomes of these interventions4–7. 

One of the most remarkable pleiotropic effects of 
statins is their cardiovascular protective benefits4–7. 
Statins, which are known to be effective, particularly 
in treating cardiovascular disorders including 
atherosclerosis and heart attacks, have been found to 
relax vascular smooth muscle (VSM)8-10. Sönmez 
Uydes-Doğan et al. reported that pravastatin, 
atorvastatin, and cerivastatin were effective as 
vasorelaxants in rat thoracic aorta. The researchers 
have shown that the NO pathway and prostanoids 
play a role in the vaso-relaxing mechanism of action 
of statins9. In a recent study, it was determined that 
simvastatin stimulated vascular relaxation in rat 
thoracic aorta. Besides NO pathway activation, 
mechanisms such as activation of potassium channels 
and inhibition of calcium channels have been shown 
to contribute to simvastatin-induced vascular 
relaxation11. 

Diseases such as essential hypertension, pulmonary 
arterial hypertension, heart failure, asthma, and 
chronic bronchitis are common and difficult to treat. 
The discovery of new smooth muscle relaxant agents 
is important to effectively treat these diseases 
associated with increased activity of vascular and 
airway smooth muscle tissue. Rosuvastatin is an 
important statin with widespread clinical use. The 
data obtained in previous studies suggest that 
rosuvastatin may exert a vasodilatory effect and 

stimulate relaxation in different vessels such as the 
pulmonary artery outside the aorta and smooth 
muscle tissues such as the trachea. However, its 
effects and mechanisms of action on the functioning 
of the vascular and tracheal smooth muscles have not 
yet been thoroughly investigated. This study aimed to 
determine the possible relaxant effect and 
mechanism of action of rosuvastatin on vascular and 
tracheal smooth muscle tissues. The thoracic aorta, 
pulmonary artery, and trachea of rats were used to 
examine the functional effects and mechanisms of 
action of rosuvastatin. It was questioned whether 
endothelium, nitric oxide (NO) pathway, 
prostaglandins, and potassium (K+) channel subtypes 
affect rosuvastatin-related vascular relaxation 
functions. 

MATERIALS AND METHODS 

Experimental procedure 
This work was given ethical permission for it by the 
Local Ethics Committee for Animal Experimentation 
at Bursa Uludag University on 18/10/2022 with the 
number 2022-14/02. Wistar Albino rats (250-300 g, 
male) were used in the present study. The 
experimental animals were cared for by national and 
international guidelines. Experiments of the study 
were carried out in the Cardiovascular Physiology 
Laboratory of Bursa Uludag University Physiology 
Department. 

At the beginning of the experiments, rats were 
decapitated without anesthesia. The tracheal and 
vascular tissues were rapidly dissected and immersed 
in the Krebs solution. The thoracic aorta, pulmonary 
artery, and trachea were prepared from surrounding 
connective tissues to form vascular and tracheal rings 
that were 2-3 mm. The isolated organ bath system 
was continuously gassed with a 95% O2-5% CO2 gas 
combination while the rings were mounted in 20 ml 
organ bath chambers filled with Krebs solution (in 
mM: 118 NaCl, 1.2 KH2PO4, 25 NaHCO3, 4.8 KCl, 
1.2 MgSO4·7H2O, 11 C6H12O6·H2O, and 2.5 
CaCl2·2H2O). The temperature of the system was 
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maintained at a constant 37 °C. The vascular rings' 
basal tension was set at 1 g. On the other hand, the 
tracheal rings' basal tension was set at 1.5 g. A force-
displacement transducer measured the tension in the 
vascular and tracheal rings (SS12LA force transducer, 
BIOPAC Systems, Inc. Aero Camino, USA). Signal 
recording and analysis were carried out using 
computer software (BIOPAC MP36, Santa Barbara, 
CA, USA) coupled with a 4-channel isolated tissue 
bath system (MAY IOBS99, Commat Ltd., Ankara, 
Turkey). 

Acetylcholine (10-6 M)-induced relaxation of greater 
than 80% in phenylephrine pre-contracted vessel 
rings in all experiments served as confirmation that 
the endothelium (10-6 M) was intact. In certain 
studies, the vascular rings' endothelium was 
mechanically removed. The inner surface of the 
vascular rings was lightly rubbed to complete this 
process. Less than 10% of acetylcholine (10-6 M)-
induced relaxation in phenylephrine (10-6 M) pre-
contracted vessel rings served as confirmation of the 
absence of endothelium. A 90-minute equilibration 
time was applied before each experiment. Every 15 
minutes during this time, the Krebs solution in the 
bath chambers was changed. 

Rosuvastatin (10-8-10-4 M) was cumulatively 
administered to endothelium-intact and 
endothelium-denuded vascular rings that had been 
precontracted with phenylephrine (10-6 M) to 
produce concentration-response curves. The same 
experimental protocol was repeated in the presence 
of Nω-nitro-L-arginine methyl ester (L-NAME; 
endothelial nitric oxide synthase (eNOS) inhibitor), 
indomethacin (non-selective cyclooxygenase (COX 
1/2 inhibitor), and K+ channel blockers (TEA, 
glyburide, and 4-Aminopyridine) to determine the 
mechanisms of action of rosuvastatin. The K+ 
channel blockers and signaling pathway inhibitors 
employed in this study were given 30 minutes before 
the application of cumulative concentrations of 
rosuvastatin. The percentage of phenylephrine-
induced maximal contraction level, considered 100%, 
was used to express all results. 

Tracheal rings were contracted with 10-5 M 
acetylcholine. The maximal contraction level was 
accepted as 100%. A similar protocol was repeated 
with vascular rings in drug applications. It was 
discovered how cumulatively taking rosuvastatin 
affected tracheal rings (10-8-10-4 M). K+ channel 
blockers, L-NAME, and indomethacin were given 30 
minutes before rosuvastatin injection to identify the 

mechanisms of action of rosuvastatin in the rat 
trachea. All experiments were performed as indicated 
in previous studies12,13. 

Drugs 
The following substances were bought from Sigma-
Aldrich: phenylephrine, acetylcholine, TEA, L-
NAME, indomethacin, glyburide, 4-Aminopyridine, 
and rosuvastatin (St. Louis, Missouri, USA). L-
NAME (10-4 M), tetraethylammonium (TEA; 1 mM), 
acetylcholine (10-5 or 10-6 M), 4-Aminopyridine (1 
mM), phenylephrine (10-6 M), and rosuvastatin (10-8-
10-4 M) were dissolved in distilled water. 
Dimethylsulfoxide (DMSO) was used to dissolve 
indomethacin (5 µM) and glyburide (10 µM). Results 
were not significantly changed by the DMSO 
concentration used in the experiment. A vehicle 
group was formed as a control for drugs using 
DMSO as a solvent. 

Statistical analysis 
Power analysis was performed at the beginning of the 
study. While the power of the study was 0.80 and the 
alpha value was 0.05, the minimum sample size 
required was estimated at n=5 per group. Power 
analysis was done under GPower 3.1. SPSS v.23.0 
program (SPSS Inc., Chicago, IL, USA) was used for 
statistical analysis. The number of the vessel or 
tracheal rings used in each group was expressed as 
"n". The results were presented as mean±standard 
deviation. The maximal smooth muscle tone levels 
induced by phenylephrine and acetylcholine were 
accepted as 100%. The mean percentages of muscle 
tone values after drug administration were used in the 
statistical analysis. One-way ANOVA test was used 
for multiple comparisons. Bonferroni post hoc test 
was used to determine the differences between 
groups. P values less than .05 were regarded as 
statistically significant. 

RESULTS 

In the rat thoracic aorta that had been precontracted 
with phenylephrine, rosuvastatin treatment (10-8-10-4 
M) led to vasorelaxation in a concentration-
dependent manner (p<.001). Around 88% was found 
to be the greatest relaxation level (Figure 1). In the rat 
pulmonary artery that had been precontracted with 
phenylephrine, rosuvastatin treatment (10-8-10-4 M) 
led to vasorelaxation in a concentration-dependent 
manner (p<.001). Around 96% was found to be the 
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greatest relaxation level (Figure 2A). Rosuvastatin's 
ability to relax blood vessels was markedly reduced 
when the endothelium was removed. In 

endothelium-denuded vessel rings, the highest 
percentage of relaxation was 34% (Figure 2B). 

 

 

Figure 1. Concentration-dependent vasorelaxant effect of rosuvastatin in E+ rat thoracic aorta. n=8. *: p<.05. 
#: p<.001. E+: Endothelium-intact. PE: Phenylephrine. 

 

Incubation with L-NAME significantly reduced the 
vasorelaxant effect level of rosuvastatin (p.<001) 
(Figure 2C). The degree of rosuvastatin's 
vasorelaxant effect was likewise significantly reduced 
after indomethacin application (p.<001) (Figure 2D). 

In vascular rings that had been pre-contracted with 
KCl, the level of rosuvastatin's vasorelaxant action 
was significantly reduced. In these vessel rings, the 

highest relaxation level was around 24% (Figure 3A). 
TEA, a large-conductance calcium (Ca2+)-activated 
K+ (BKCa) channel blocker, 4-Aminopyridine, a 
voltage-gated K+ (KV) channel blocker, and 
glyburide, an ATP-sensitive K+ (KATP) channel 
blocker, significantly reduced the vasorelaxant effect 
level of rosuvastatin in rat pulmonary artery (p-values 
at maximal concentration <.001 in all groups) (Figure 
3B-D). 
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A                                                                                    B 

 

C                                                                                  D 

 

Figure 2. Rosuvastatin-induced vascular relaxation mechanisms. A. Concentration-dependent vasorelaxant 
effect of rosuvastatin in E+ rat pulmonary artery. B. The vasorelaxant effect of rosuvastatin in the E- rat 
pulmonary artery. C. Effect of L-NAME incubation on rosuvastatin-mediated vasorelaxation. D. Effect of 
indomethacin incubation on rosuvastatin-mediated vasorelaxation. n=8. #: p<.01. *: p<.001. E+: Endothelium-
intact. E-: Endothelium-denuded. L-NAME: Nω-nitro-L-arginine methyl ester. PE: Phenylephrine. 
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A                                                                                  B 

 

C                                                                                     D 

 
Figure 3. Rosuvastatin-induced vascular relaxation mechanisms. A. Effect of high K+ concentration (60 mM 
KCl) on rosuvastatin-mediated vasorelaxation. B. Effect of TEA incubation on rosuvastatin-mediated 
vasorelaxation. C. Effect of 4-AP incubation on rosuvastatin-mediated vasorelaxation. D. Effect of glyburide 
incubation on rosuvastatin-mediated vasorelaxation. n=8. *: p<.01. #: p<.001. DMSO: Dimethylsulfoxide. E+: 
Endothelium-intact. PE: Phenylephrine. TEA: Tetraethylammonium. 4-AP: 4-Aminopyridine. 
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In rat tracheal rings, the potential functional effects 
and mechanism of action of rosuvastatin were 
examined. It was agreed that 10-5 M acetylcholine 
produced 100% of the maximum tension. In rat 
trachea that had been pre-contracted with 
acetylcholine, rosuvastatin treatment (10-8-10-4 M) 
caused a relaxing effect in a concentration-dependent 
manner (p<.001). The maximal level of relaxation 
was determined to be around 75% (Figure 4A). In 

tracheal rings that had been pre-contracted with KCl 
(60 mM), the level of rosuvastatin's relaxant action 
was significantly reduced. In these tracheal rings, the 
highest relaxation level was around 28%. 
Rosuvastatin’s relaxing effect on the rat tracheal rings 
was significantly reduced by L-NAME, 
indomethacin, TEA, 4-Aminopyridine, and glyburide 
(p-values at maximal concentration <.001 in all 
groups) (Figure 4B, 4C, 5A-D). 

A                                                                                      B 

 

C 

 

 

 

 

 

 

 

 

Figure 4. Rosuvastatin-induced tracheal relaxation. A. Concentration-dependent relaxant effect of rosuvastatin 
in rat trachea. B. Effect of L-NAME incubation on rosuvastatin-mediated tracheal relaxation. C. Effect of 
indomethacin incubation on rosuvastatin-mediated tracheal relaxation. n=8. *: p<.01. #: p<.001. ACh: 
Acetylcholine. DMSO: Dimethylsulfoxide. L-NAME: Nω-nitro-L-arginine methyl ester. 
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C                                                                                   D 
 

 
Figure 5. Rosuvastatin-induced tracheal relaxation mechanisms. A. Effect of high K+ concentration (60 mM 
KCl) on rosuvastatin-mediated tracheal relaxation. B. Effect of TEA incubation on rosuvastatin-induced 
tracheal relaxation. C. Effect of 4-AP incubation rosuvastatin-induced tracheal relaxation. D. Effect of 
glyburide incubation rosuvastatin-induced tracheal relaxation. n=8. #: p<.05. *: p<.001. ACh: Acetylcholine. 
DMSO: Dimethylsulfoxide. TEA: Tetraethylammonium. 4-AP: 4-Aminopyridine. 
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DISCUSSION 

Rosuvastatin's effects on vascular functions were 
thoroughly examined in this study, as well as the 
processes behind those effects. Rosuvastatin was 
found to elicit vasorelaxation in the rat thoracic aorta 
and pulmonary artery in a concentration-dependent 
manner, with a substantial endothelium-dependent 
component. The current study also demonstrated 
that prostaglandins, NO generation, and several K+ 
channel subtypes, including BKCa, KATP, and KV 

channels, are involved in rosuvastatin-mediated 
vasorelaxation in rat pulmonary arteries. In addition, 
this study revealed for the first time that rosuvastatin-
mediated relaxation of tracheal smooth muscle and 
BKCa, KATP, and KV channels play a role in this effect. 

In the first step of the present study, the effect of 
rosuvastatin on rat thoracic aortic contractility was 
determined. Rosuvastatin administered cumulatively 
in the rat thoracic aorta pre-contracted with 
phenylephrine caused vasorelaxation in a 
concentration-dependent manner. The relaxation 
level calculated over the maximum contraction 
stimulated with phenylephrine was found to be 
approximately 88%. In the present study, the rat 
thoracic aortic model was used because it is the gold 
standard for the development of antihypertensive 
drugs and for determining the functional effects of 
vasoactive agents14. In addition, examples of the 
thoracic aorta have also been used in previous 
studies8,9. Therefore, in the present study, the effect 
of rosuvastatin on pulmonary artery samples was 
investigated. Similar to the thoracic aorta, it was 
demonstrated that rosuvastatin also caused a 
concentration-dependent vasorelaxation effect in rat 
pulmonary arteries. The maximal level of relaxation 
in the pulmonary artery samples was 96%. It is known 
that factors such as endothelium-derived NO and 
prostanoids (especially prostacyclin (prostaglandin 
I2)) have a critical role in the mechanism of action of 
vasoactive substances15. Therefore, to determine the 
contribution of endothelium to rosuvastatin-
mediated vasorelaxation, rosuvastatin was applied 
cumulatively to the endothelium-denuded pulmonary 
artery rings and its effect level was found to be greatly 
reduced (up to 34%). These results indicate that 
rosuvastatin-induced vascular relaxation is largely 
endothelium-mediated and consistent with previous 
findings on the vasoactive effects of statins. There are 
few studies in the literature associated with the 
vasorelaxant effects of some other statins. In those 
studies, it has been shown that vasorelaxation occurs 

in various vascular beds by using pravastatin, 
atorvastatin, rosuvastatin, and cerivastatin8,9,16. In 
those studies, it was observed that statins have a 
vasorelaxant effect and this effect is largely 
dependent on the endothelium. In this study, unlike 
previous studies, the vasodilatory effect of 
rosuvastatin on the pulmonary artery was 
demonstrated. 

One of the important pleiotropic effects of statins is 
vasorelaxation8,9. However, data on the vascular 
functional effects of statins in studies so far are very 
limited. The mechanism of action of rosuvastatin-
mediated vasorelaxation has not been demonstrated 
until now. Therefore, in the next step of the present 
study, it was aimed to determine the mechanisms of 
the vasorelaxant effect of rosuvastatin in the rat 
pulmonary artery. Endothelial-derived factors are 
known to have a critical role in vascular relaxation. 
The mains of these factors are NO and prostacyclin15. 
The present study determined that the vasorelaxant 
effect level of rosuvastatin was greatly reduced after 
30 minutes of endothelial NO synthase inhibitor L-
NAME incubation. Similarly, indomethacin 
incubation, which inhibits prostanoid synthesis, has 
been shown to reduce rosuvastatin-mediated vascular 
relaxation less than L-NAME, but at a statistically 
significant level. These findings showed that the 
eNOS/NO pathway and prostanoids play a role in 
rosuvastatin-induced endothelial-dependent vascular 
relaxation. In the study of Sonmez Uydes-Dogan et 
al., which is one of the first studies on the vasoactive 
effects of statins, pravastatin, atorvastatin, and 
cerivastatin were reported to be effective as 
vasorelaxants in the rat thoracic aorta9. In that study, 
it was shown that NO pathway and prostanoids are 
involved in the mechanism of action of all 3 statin 
group drugs. In a more recent study, rosuvastatin was 
administered to the thoracic aorta of cafeteria-style 
diet-applied rats. In that study, the researchers 
determined that rosuvastatin causes vasorelaxation 
and, the NO pathway and prostanoids play a role in 
its mechanism of action8. Nurullahoglu-Atalik et al. 
showed that rosuvastatin caused endothelium-
dependent relaxation in the calf cardiac vein17. 
Guresir and Nurullahoglu determined that the NO 
pathway contributes to rosuvastatin-mediated cardiac 
vein relaxation18. In another study, it was reported 
that atorvastatin caused vasorelaxation in the rat 
thoracic aorta and the NO pathway played a role in 
this effect16. In a different study, Castro et al. showed 
that atorvastatin increased sildenafil-mediated 
vasodilation in the rat thoracic aorta19. Almukhtar et 
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al. reported that simvastatin caused endothelium-
independent and mitochondria-related relaxation in 
the porcine coronary artery20. On the other hand, the 
findings from another study are in the opposite 
direction. In that study, it was suggested that 
simvastatin administration caused a contraction 
response in the thoracic aorta of the rat. It has been 
reported that the contraction response increases with 
the removal of endothelium and inhibition of NO 
synthase but decreases with the inhibition of COX21. 
Those findings suggest that statins generally cause 
vasorelaxation in arteries and veins in vitro 
conditions, but they can also cause vascular 
contraction like simvastatin. As a result, considering 
all the data obtained, endothelium-related factors 
such as NO and prostaglandins appear to be 
important mechanisms in the vasoactive effects of 
statins. 

Another important finding in the present study is that 
the vasorelaxant effect level of rosuvastatin in rat 
pulmonary arteries is greatly reduced (up to 24%) at 
high K+ concentrations. This data demonstrates that 
K+ channel activation is involved in the vasorelaxant 
mechanism of action of rosuvastatin. Therefore, we 
questioned their possible role in rosuvastatin-induced 
vasorelaxation by administering specific K+ channel 
blockers. It has been reported that 5 different types 
of K+ channels are found in VSM cells (VSMCs). 
These channels are Ca2+-activated K+ channels 
(BKCa, IKCa, and SKCa channels), KV channels, KATP 
channels, Kir channels, and K2p channels. As a result 
of the activation of these channels, hyperpolarization 
occurs in the VSMCs, the influx of Ca2+ into the cell 
is reduced, and the VSM relaxes22,23. Many vasoactive 
substances cause vasorelaxation by causing K+ 
channel activation14,24. In this study, the possible roles 
of main K+ channel subtypes expressed in VSMCs in 
rosuvastatin-mediated vasoactive effects were 
investigated using selective K+ channel blockers, and 
the effective ones were determined. The data of the 
present study showed that TEA, glyburide, and 4-
Aminopyridine applications cause a statistically 
significant decrease in rosuvastatin-mediated 
vasorelaxant effect levels. These findings suggested 
that K+ channel activation is an important 
mechanism in rosuvastatin-induced vasorelaxation. 
BKCa, KV, and KATP channels are involved in the 
vasorelaxant effect of rosuvastatin. As far as it is 
known, the findings of the current study are the first 
data on K+ channel activation in the vasoactive 
effects of rosuvastatin in rat pulmonary arteries. On 
the other hand, the study of López-Canales et al. 

showed that BKCa channel activation contributes to 
the vascular functional effects of rosuvastatin in the 
rat thoracic aorta8. Unlike that study, in the present 
study, rats have not applied a cafeteria diet, and the 
pulmonary arteries of healthy rats were used. In 
addition, in the present study, several other K+ 
channel subtypes (KV and KATP) were also 
determined to be involved in the vasorelaxant effect 
of rosuvastatin. In the study of Sonmez Uydes-
Dogan et al., it was reported that activation of KATP 

channels has a role in cerivastatin-mediated vascular 
relaxation, but not in vasorelaxation induced by 
pravastatin and atorvastatin9. The present study’s 
findings showed that both K+ channels (KV and 
KATP) play a role in the vasorelaxant effect of 
rosuvastatin. A recent study reported that simvastatin 
was effective as a vasorelaxant in rat thoracic aorta. 
Mechanisms of simvastatin-mediated relaxation have 
been demonstrated in detail. Unlike rosuvastatin, 
prostanoids do not contribute to the vasoactive 
effects of simvastatin. In contrast, Kir channels, as 
well as KATP and KV channels, were also found to be 
involved in simvastatin-mediated vascular relaxation. 
In addition, the inactivation of Ca2+ channels and 
angiotensin II type 2 receptors, which were not 
investigated in the current study, were observed to be 
involved in the mechanism of action of simvastatin11. 
Considering all data, different subtypes of K+ 
channels are thought to contribute to the 
vasorelaxant effect of statins. Different mechanisms 
can be activated depending on the type of vascular 
bed. On the other hand, recent studies show that 
inhibition of Ca2+ influx from intracellular and 
extracellular Ca2+ sources may also mediate statin-
mediated smooth muscle relaxation. 

The airway smooth muscle (ASM) layer lines the 
lower respiratory tract, which extends from the 
trachea to the terminal bronchioles. The smooth 
muscle layer in this layer enables the airways to 
expand and contract. The main element that ensures 
ventilation-perfusion balance and mechanical 
stability is the ability of the airways25. Many 
extracellular messengers that operate on certain 
membrane receptors regulate the contraction-
relaxation reactions of tracheal smooth muscle cells26. 
Asthma and bronchitis, which influence the 
respiratory tract and induce bronchoconstriction, 
have become more common diseases27. In this 
context, exogenous substances and associated 
mechanisms that affect tracheal smooth muscle 
activity may help to improve the condition of the 
trachea. Statins can induce functional effects in 
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different smooth muscle tissues as well as VSM. 
Therefore, we investigated the effects of rosuvastatin 
on tracheal smooth muscle functions due to its 
relaxant effects on other smooth muscle tissues.  

One of the important findings in the current study is 
the relaxant effect of rosuvastatin in rat tracheal 
smooth muscle and the contribution of K+ channels 
in this mechanism. Diseases associated with airway 
hyperreactivity, such as asthma, are common in the 
population. These diseases are difficult to treat, and 
alternative treatment agents and bronchodilators are 
under investigation28. No direct effect of statins on 
tracheal smooth muscle has been demonstrated in 
studies to date. Therefore, the present study 
questioned whether rosuvastatin administration has 
any effect on tracheal rings. It was concluded that 
tracheal rings, which were pre-contracted with 
acetylcholine, were relaxed with rosuvastatin 
administration. In the next step, the possible role of 
K+ channels was questioned because of their critical 
importance in smooth muscle relaxation. It was 
shown that BKCa, KV, and KATP channels play a role 
in tracheal relaxation. These data indicated that 
rosuvastatin has relaxing effects on tracheal and 
VSM, and K+ channels play a role in these effects. In 
addition, the present study determined that the NO 
pathway and prostanoids concerning the epithelium 
were involved in the tracheal smooth muscle relaxant 
effect of rosuvastatin. 

It is well known that voltage-dependent Ca2+ entry 
routes, which aid in ASM contraction, are inhibited 
by K+ channel modulation of membrane potential. 
K+ channel activators can partially relax ASM by K+ 
efflux-induced hyperpolarization, which makes them 
effective as bronchodilators, especially in asthma. KV, 
KATP, and BKCa channels are among the K+ channels 
expressed in ASM29. As a result, we investigated the 
function of K+ channels expressed in ASM in 
rosuvastatin's broncho-relaxant processes in the rat 
trachea. 

An increase in intracellular free Ca2+ concentration 
that encourages the production of actin-myosin 
cross-bridges causes the ASM to contract. The key 
factor controlling the potential of the ASM 
membrane is the activation of K+ channels, especially 
KV channels. By adjusting membrane potential and 
modifying the opening of L-type Ca2+ channels, KV 

channels have a considerable effect on intracellular 
Ca2+ ([Ca2+] i). ASM cells are physiologically 
hyperpolarized when KV channels are activated. This 
decreases the activity of voltage-gated Ca2+ channels 

(VGCCs), which relaxes ASMs by reducing 
intracellular Ca2+ influx. On the other hand, 
contraction results from blocking KV pathways30. As 
a result, we began by examining the part played by KV 
channels in the concentration-dependent relaxation 
brought on by rosuvastatin. This study found that 
pretreatment with the KV channel blocker 4-AP 
dramatically decreased the broncho-relaxant action 
of rosuvastatin. 

The functional link between membrane excitability 
and cellular metabolism includes KATP channels. 
Depolarization and bronchoconstriction are brought 
on by blocking KATP channels30. In this study, we 
discovered that rosuvastatin-induced 
bronchodilation in the rat trachea is mediated in part 
by KATP channels. It has been demonstrated that 
Ca2+-activated K+ (KCa) channels, particularly BKCa, 
are crucial for controlling bronchial tone. The 
passage of K+ ions, hyperpolarization of the plasma 
membrane, and inhibition of VGCC opening result 
from the activation of KCa channels on the plasma 
membranes of ASM cells. These circumstances lead 
to a relative decrease in [Ca2+]i, inhibition of Ca2+-
dependent contraction, and the development of 
bronchodilation30. The present study's findings also 
indicated that BKCa channels work with rosuvastatin 
to cause bronchodilation. 

The main limitation of this study is that K+ channel 
current was not directly measured with the patch 
clamp technique. In addition, molecular methods 
were not used to support the data. In addition, the 
contribution of mechanisms associated with beta-
adrenergic receptors, angiotensin receptors, and Ca2+ 
channels to rosuvastatin-mediated smooth muscle 
relaxation was not investigated in the current study. 

In conclusion, the findings of the present 
investigation demonstrate that rosuvastatin produces 
vasorelaxation in the rat thoracic aorta and 
pulmonary artery. Endothelium-dependent processes 
play a significant role in this effect. The relaxing effect 
of rosuvastatin on the vascular smooth muscle in the 
rat pulmonary artery is due to the activation of the 
prostanoids and NO signaling pathways, as well as 
large-conductance Ca2+-activated K+ channels, 
voltage-gated K+ channels, and ATP-sensitive K+ 

channels. Because of their potent vasorelaxant 
effects, rosuvastatin and other members of the statin 
group of medications, which are used to prevent and 
treat a variety of cardiovascular diseases like 
atherosclerosis, coronary artery disease, and ischemic 
stroke, may also benefit the treatment of comorbid 
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hypertensive diseases by lowering cholesterol levels. 
Moreover, rosuvastatin relaxes tracheal smooth 
muscle by opening voltage-gated K+ channels, ATP-
sensitive K+ channels, and large-conductance Ca2+-
activated K+ channels. These findings imply that 
statins may be therapeutically effective for conditions 
such as asthma and bronchitis linked to airway 
smooth muscle hyperreactivity. 

Author Contributions: Concept/Design : SS; Data acquisition: SS; 
Data analysis and interpretation: SS; Drafting manuscript: SS; Critical 
revision of manuscript: SS; Final approval and accountability: SS; 
Technical or material support: SS; Supervision: SS;  Securing funding (if 
available): n/a. 
Ethical Approval: Ethical approval was obtained from the Local Ethics 
Committee of Animal Experiments of Bursa Uludağ University with the 
decision dated 18.10.2022 and numbered 2022-14/02. 
Peer-review: Externally peer-reviewed. 
Conflict of Interest: Authors declared no conflict of interest. 
Financial Disclosure: Authors declared no financial support 

REFERENCES 

1. Istvan ES, Deisenhofer J. Structural mechanism for 
statin inhibition of HMG-CoA reductase. Science. 
2001;292:1160-4. 

2. Vagelos PR. Are prescription drug prices high? 
Science. 1991;252:1080-4. 

3. Abdul-Rahman T, Bukhari SMA, Herrera EC, Awuah 
WA, Lawrence J, de Andrade H et al. Lipid-lowering 
therapy: an era beyond statins. Curr Probl Cardiol. 
2022;47:101342. 

4. Oesterle A, Laufs U, Liao JK. Pleiotropic effects of 
statins on the cardiovascular system. Circ Res. 
2017;120:229-43. Erratum in: Circ Res. 2018;123:e20. 

5. Okyay K. Pleiotropic effects of statins: new evidences. 
Turk Kardiyol Dern Ars. 2021;49:533-5. 

6. Razavi AC, Mehta A, Sperling LS. Statin therapy for 
the primary prevention of cardiovascular disease: 
Pros. Atherosclerosis. 2022;356:41-5. 

7. Wasim R, Ansari TM, Ahsan F, Siddiqui MH, Singh 
A, Shariq M, Parveen S. Pleiotropic benefits of statins 
in cardiovascular diseases. Drug Res (Stuttg). 
2022;72:477-86. 

8. López-Canales JS, Lozano-Cuenca J, López-Canales 
OA, Aguilar-Carrasco JC, Aranda-Zepeda L, López-
Sánchez P et al. Pharmacological characterization of 
mechanisms involved in the vasorelaxation produced 
by rosuvastatin in aortic rings from rats with a 
cafeteria-style diet. Clin Exp Pharmacol Physiol. 
2015;42:653-61. 

9. Sönmez Uydeş-Doğan B, Topal G, Takir S, Ilkay Alp 
F, Kaleli D, Ozdemir O. Relaxant effects of 
pravastatin, atorvastatin and cerivastatin on isolated 
rat aortic rings. Life Sci. 2005;76:1771-86. 

10. Jebari-Benslaiman S, Galicia-García U, Larrea-Sebal 
A, Olaetxea JR, Alloza I, Vandenbroeck K et al. 
Pathophysiology of atherosclerosis. Int J Mol Sci. 
2022;23:3346. 

11. Verma K, Shukla R, Dwivedi J, Paliwal S, Sharma S. 
New insights on mode of action of vasorelaxant 
activity of simvastatin. Inflammopharmacology. 2023. 
doi:10.1007/s10787-023-01219-8. 

12. Sahinturk S. Metformin relaxes rat thoracic aorta via 
nitric oxide, AMPK, potassium channels, and 
PKC. Iran J Basic Med Sci. 2023. 
doi:10.22038/ijbms.2023.69728.15179. 

13. Sahinturk S. Elabela relaxes rat pulmonary artery and 
trachea via BKCa, KV, and KATP channels. 
Prostaglandins Other Lipid Mediat. 2023;167:106735. 

14. Tan CS, Loh YC, Tew WY, Yam MF. Vasorelaxant 
effect of 3,5,4'-trihydroxy-trans-stilbene (resveratrol) 
and its underlying mechanism. 
Inflammopharmacology. 2020;28:869-75. 

15. Mitchell JA, Ali F, Bailey L, Moreno L, Harrington LS. 
Role of nitric oxide and prostacyclin as vasoactive 
hormones released by the endothelium. Exp Physiol. 
2008;93:141-7. 

16. Nurullahoğlu-Atalık KE, Kutlu S, Solak H, Koca RÖ. 
Cilostazol enhances atorvastatin-induced vasodilation 
of female rat aorta during aging. Physiol Int. 
2007;104:226-34. 

17. Nurullahoglu-Atalik KE, Oz M, Shafiyi A. 
Rosuvastatin-induced responses in calf cardiac vein. 
Bratisl Lek Listy. 2015;116:494-8. 

18. Guresir MS, Nurullahoglu KE. Role of the nitric oxide 
on rosuvastatin-induced relaxation of the calf cardiac 
vein during cooling. Bratisl Lek Listy. 2014;115:753-6. 

19. Castro MM, Rizzi E, Rascado RR, Nagassaki S, 
Bendhack LM, Tanus-Santos JE. Atorvastatin 
enhances sildenafil-induced vasodilation through 
nitric oxide-mediated mechanisms. Eur J Pharmacol. 
2004;498:189-94. 

20. Almukhtar H, Garle MJ, Smith PA, Roberts RE. 
Effect of simvastatin on vascular tone in porcine 
coronary artery: potential role of the mitochondria. 
Toxicol Appl Pharmacol. 2016;305:176-85. 

21. Pérez-Guerrero C, Alvarez de Sotomayor M, Herrera 
MD, Marhuenda E. Endothelium modulates 
contractile response to simvastatin in rat aorta. Z 
Naturforsch C J Biosci. 2000;55:121-4. 

22. Jackson WF. Potassium channels in regulation of 
vascular smooth muscle contraction and growth. Adv 
Pharmacol 2017;78:89-144. 

23. Tykocki NR, Boerman EM, Jackson WF. Smooth 
muscle ion channels and regulation of vascular tone in 
resistance arteries and arterioles. Compr Physiol. 
2017;7:485-581. 

24. Ulusoy KG, Dogan MF, Cam SA, Arslan SO, Yildiz 
O. Propofol relaxes isolated rat aorta through 
BKCa activation. Ann Vasc Surg. 2019;60:397-406. 

25. Mitzner W. Airway smooth muscle: the appendix of 
the lung. Am J Respir Crit Care Med. 2004;169:787-
90. 

26. Knox AJ, Tattersfield AE. Airway smooth muscle 
relaxation. Thorax. 1995;50:894-901. 

 430 



Volume 48  Year 2023       Smooth muscle relaxation mechanisms of rosuvastatin  
 

27. Pereira-de-Morais L, Silva AA, da Silva RER, Ferraz 
Navarro DMDA, Melo Coutinho HD, Menezes IRA 
et al. Myorelaxant action of the Dysphania 
ambrosioides (L.) Mosyakin & Clemants essential oil 
and its major constituent α-terpinene in isolated rat 
trachea. Food Chem. 2020;325:126923. 

28. Enilari O, Sinha S. The global impact of asthma in 
adult populations. Ann Glob Health. 2019;85:2. 

29. Menezes PMN, Brito MC, de Paiva GO, Dos Santos 
CO, de Oliveira LM, de Araújo Ribeiro LA et al. 
Relaxant effect of Lippia origanoides essential oil in 

guinea-pig trachea smooth muscle involves potassium 
channels and soluble guanylyl cyclase. J 
Ethnopharmacol. 2018;220:16-25. 

30. Memarzia A, Amin F, Saadat S, Jalali M, Ghasemi Z, 
Boskabady MH. The contribution of beta-2 
adrenergic, muscarinic and histamine (H1) receptors, 
calcium and potassium channels and cyclooxygenase 
pathway in the relaxant effect of Allium cepa L. on the 
tracheal smooth muscle. J Ethnopharmacol. 
2019;241:112012. 

 

 

 

 431 


	Research
	INTRODUCTION
	MATERIALS AND METHODS
	Experimental procedure
	Drugs
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES

