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EXPERIMENTAL STUDY

The role of nitric oxide on the responses of curcumin-treated 
rat aorta
Nurullahoglu-Atalik KE1, Gokbel H2, Oz M2, Okudan N2, Belviranli M2, Esen H3

Department of Pharmacology, Meram Faculty of Medicine, Necmettin Erbakan University, Konya, Turkey. 
esraatalik@hotmail.com

Abstract: Objectives: The aim of the present study was to evaluate the infl uence of endothelial nitric oxide (NO) 
on the vascular responses of curcumin-treated rats. 
Methods: The experimental groups included the control and curcumin-treated (200 mg/kg/day, p.o., for 4 weeks) 
group. The concentration response curves to receptor-dependent agent 5-hydroxytryptamine (5-HT; 10-9–3x10-4 
M) and receptor-independent agent potassium chloride (KCl; 5–100 mM) were observed.
Results: The concentration response curves to 5-HT and KCl shifted to the right and the maximal response 
was signifi cantly decreased in the curcumin-treated rat aortas. A pretreatment of rings with L-NAME (a NOS 
inhibitor, 10-4 M) increased both the sensitivity and maximal response to only 5-HT. No apparent histological 
changes were demonstrated in smooth muscle and connective tissue layers in the aortas of the control and 
curcumin-treated rat preparations. 
Conclusion: The results of the present study suggest that NO release from endothelial cells modulates curcum-
in-treated rat aorta responses to 5-HT, but not to KCl (Tab. 2, Fig. 4, Ref. 25). Full Text in PDF www.elis.sk.
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Curcumin is a naturally occurring phenolic compound isolated 
as a yellow pigment from turmeric (dry rhizomes of curcuma longa), 
which is commonly used as a spice and food colorant (1). Recently, 
there has been an increased clinical interest in curcumin. This com-
pound has been reported to posses a variety of biological and pharma-
cological activities, including antioxidative (2–4), anti-infl ammatory 
(5) anticarcinogenic (6, 7) and antidiabetic (8). In addition, curcumin 
acts as an antioxidant at low doses and prooxidant at high doses (9). 
Both anti-infl ammatory and anti-proliferative activities of curcumin 
have been shown to be mediated through the prooxidant mechanism 
(10). In addition to its inherent ability to attenuate the reactivity of 
oxygen free radical species, curcumin has been shown in vivo to en-
hance the activities of detoxifying enzymes such as glutathione-S-
transferase (11). Since it is widely accepted that oxidative stress and 
infl ammation contribute to atherogenesis, the effects of curcumin on 
cardiovascular system have also received much attention recently. 

Endothelium-derived nitric oxide (NO), synthesized by en-
dothelial NO synthase (eNOS), has several physiological effects, 
including controlling vascular tone, modulating smooth muscle 
cell proliferation, and inhibiting platelet aggregation and leuko-
cyte adhesion (12, 13). It has been demonstrated that a blockade 
of NO formation with L-NAME causes an impairment of vascular 

function (14). More recently, curcumin addition to organ bath has 
been reported to ameliorate a high glucose-induced acute vascular 
endothelial dysfunction in rat thoracic aorta (15). In this study, we 
decided to evaluate whether curcumin-treatment infl uences the ef-
fect of NO on vascular responses.

Methods 

Rats
Male Wistar rats (6–8 weeks) were divided randomly into 

the two groups of six rats each. All experiments were carried out 
with the approval of Local Animal Use Ethical Committee of 
Selçuk University. The experimental groups included control and 
curcumin-treated (200 mg/kg/day, p.o. for 4 weeks). Control rats 
were injected with saline only. Body weights of rats were measured 
in all groups before and for 4 weeks after curcumin induction. All 
rats were kept under identical conditions for 4 weeks with free ac-
cess to food and tap water before the experiments were conducted.

The descending thoracic aorta was quickly isolated, cleaned 
and sectioned into 3 to 4 mm long rings. The rings were then 
placed in organ baths containing Krebs–Henseleit solution (KHS, 
mM: NaCl 119, KCl 4.70, MgSO4 1.50, KH2PO4 1.20, CaCl2 2.50, 
NaHCO3 25, Glucose 11), which was thermoregulated at 37 ºC 
and aerated (95 % O2 and 5 % CO2). The changes in isometric ten-
sion were recorded by a force-displacement transducer (BIOPAC 
MP36, Santa Barbara, California, USA) connected through ampli-
fi ers to a ITBS08 Integrated Tissue Bath System (Commat, Ankara, 
Turkey). Starting from each aorta, a single ring was prepared for 
in vitro investigation and sent for pathological research.
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Organ baths
The rings were equilibrated for 60 min under a resting ten-

sion of 1 g before the experiments began. After equilibration, at 
the beginning of the experiments, endothelial cell integrity was 
assessed when a single addition of ACh (10-6 M) caused relaxation 
of aortic segments precontracted with 5-HT. Then the preparations 
were washed and after equilibration, cumulative concentration-
response curves to 5-HT (10-9-3x10-4 M) and KCl (5–100 mM) 
were obtained. Only one agent was tested in each preparation (n=6) 
from two different rat groups. 

The infl uence of nitric oxide on constrictor responses to 5-HT 
and KCl was specifi cally addressed by pretreating the rings with 
the nitric oxide synthase inhibitor NG-nitro-L-arginine methyl es-
ter (L-NAME; 10-4 M). L-NAME was added to the organ bath 20 
min before the concentration-response curves were started. Endo-
thelium did not denude because only the role of endothelial nitric 
oxide was examined in this study. 

Histology
After formaldehyde fi xation, the entire thoracic aorta was sec-

tioned at 6 segments 4 mm in length. Tissues were embedded in 
paraffi n and Hematoksilen&Eosin stain was performed on the 4 
to 6 μm cross-sections of the aorta. Morphometric measurements 
on all six segments of thoracic aorta were performed by using the 
Image Analysis System (BAB Bs200ProP Image Processing and 
Analysis System, Turkey, Ankara), by a pathologist. The luminal 

area was calculated from the perimeter of the luminal border. The 
luminal area for each thoracic aorta was obtained by averaging 
these measurements. The mean ±SE value obtained from each ar-
tery was used as the fi nal value for a particular vessel. 

Statistical analysis
The concentrations of the contractile agents causing 50 % of 

the maximal response (EC50) and maximal responses (Emax) for 
curves were obtained from the four groups. The EC50 and Emax 
values were compared by using the Student’s t-tests. The statisti-
cal signifi cance was set at p < 0.05. 

Chemicals and data analysis
All chemicals used in experiments were obtained from the 

Sigma Chemical (St. Louis, MO, USA). 

Results

General characteristics of the rats
The initial and fi nal body weights for all animals were ob-

served (in the control group 297.5±5.4 and 327.4±4.3, and in the 
curcumin-treated group 297.1±5.2 and 328.4±6.2, respectively). 
There was no difference in the starting weights in the animals. 
Curcumin treatment did not signifi cantly affect the fi nal weight. 
5-HT-induced contraction

5-hydroxytryptamine (10-9-3x10-4 M) induced the concentra-
tion-dependent contractions in the rat aortic rings (Fig. 1). The 
concentration response curve to 5-HT was shifted to the right and 
the maximal response was signifi cantly decreased in the curcum-
in-treated rat aortas. The pretreatment of rings with L-NAME (a 
NOS inhibitor, 10-4 M) increased both the sensitivity and maximal 
response to 5-HT (Fig. 1, Tabs 1 and 2).
KCl-induced contraction

KCl (5–100 mM) induced the concentration-dependent con-
tractions in the rat aortic rings (Fig. 2). The concentration response 
curve to KCl was shifted to the right and the maximal response 
was signifi cantly decreased in the curcumin-treated rat aortas. 
Neither the sensitivity nor the maximal response was affected by 
the pretreatment of rings with L-NAME (10-4 M).
Histologic examination

The mean values for the measurements of aortic luminal area 
were analysed statistically. The average luminal areas of rat aorta 
were found to be 1210196.7 ± 0.0623 m2 in the control group 
(n=6) and 1141573.2±0.0333 m2 in the curcumin-treated group 
(n=6). There was no statistical differences between these values. 
No apparent histological changes were demonstrated in smooth 

EC50

5-HT (x10-6 M)  KCl (x10-2 M)
Control 1.7±0.3 2.2±0.1
Curcumin-treated  40.3±2.3*   3.1±0.2* 
Curcumin-treated+L-NAME  0.6±0.2**  2.9±0.2
Each value is derived from six experiments. Data are given as mean±SEM. *p<0.05 
compared with control values, **p<0.05 compared with curcumin-treated values.

Tab. 1. EC50 values for PHE and KCl, from control, curcumin-treated, 
and curcumin-treated+L-NAME  rat aorta.

Fig. 1. 5-HT concentration-response curves of aortas from control 
rats, curcumin-treated rats and curcumin-treated rats in the pres-
ence of  L-NAME. Each point is the mean ± SEM of six  experiments. 

Emax (g)
5-HT KCl 

Control  1.7±0.1 2.8±0.1
Curcumin-treated 1.1±0.1* 1.6±0.2* 
Curcumin-treated+L-NAME 1.4±0.1** 1.7±0.1
Each value is derived from six experiments. Data are given as mean ± SEM. *p<0.05 
compared with control values, **p<0.05 compared with curcumin-treated values.

Tab. 2. Emax values for 5-HT and KCl, from control, curcumin-treated, 
and curcumin-treated+L-NAME  rat aorta.
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muscle and connective tissue layers in the aortas of the control 
and curcumin-treated rat preparations (Figs 3 and 4).

Discussion

In the present work, we studied the effects of nitric oxide on 
curcumin (200 mg/kg), an antioxidant (16–18), treated rat thoracic 
aorta responses. This dose (200 mg/kg) of curcumin was previously 
reported to be a good antioxidant (19). Our study is the fi rst to 
show the vasoconstrictor responses in aortic rings from curcumin-
treated rats paying a special attention to the role of nitric oxide. 

The present study demonstrates that both 5-HT and KCl induced 
the concentration-dependent contractions in rat thoracic aorta. Com-
pared to the control responses, there is a decrease in sensitivity to 
both 5-HT and KCl of the endothelium-intact thoracic aortic rings 
obtained from the curcumin treated rats. With our data we can not 
suggest, which mechanisms underlied the decreased sensitivity to 
5-HT and KCl in the curcumin-treated rats. Our results are in agree-
ment with those reported by Morello et al. (20) who have reported 
that the antioxidant and radical scavenger galangin incubation in rat 
thoracic aorta reduced the contractility to both phenylephrine and 
KCl. As we know, 5-HT plays a vasoconstrictor role and increases 
the vascular resistance in rat aorta (21), producing contractions 
by calcium infl ux from extracellular medium through receptor-
dependent calcium channels and calcium release from intracellu-
lar stores. KCl is a receptor independent contractile agent that can 
stimulate Ca2+ infl ux through the voltage-sensitive Ca2+ channels. 
The effect of the curcumin treatment on vascular tone and reactivity 
has not been studied much. Although Srivastava et al (21) reported 
that KCl-induced contractions remained unaltered in the presence 
of free radical scavengers while 5-HT-induced contractions were 
attenuated. In this study, the similar fi ndings were observed with 
two different contractile agents. Majithiya and Balaraman (22) 
reported that chronic curcumin (200 mg/kg) treatment caused no 
signifi cant change in the phenylephrine-induced contraction in cur-
cumin-treated rat aorta as compared to the control group. However, 

the mechanism underlying the effect of curcumin treatment is not 
clear. The discrepancy between this and our fi ndings might be due 
to the differences in the agonists or the design of the experiments. 

It is well known that nitric oxide (NO) is one of the most im-
portant regulators of vascular tone and possesses a variety of im-
portant physiological functions in the cardiovascular tone, such as 
keeping the vessels patent via vasodilation, prevention of platelet 
aggregation, and regulating the force and rate of contraction (23). 
In this study, an incubation with L-NAME (NO synthase inhibitor) 
inhibited the effect of curcumin supplementation in only 5-HT con-
tractions but not in KCl. Similarly, Srivastava et al. (21) reported 
that the pretreatment of rat aortic rings with free radical scavengers 
as superoxide dismutase attenuated the 5-HT-induced contractions 
and the inhibitory effect was signifi cantly reduced in the L-NAME-
pretreated rings. The investigators also suggested that the endog-
enous generation of the reactive oxygen species (ROS) seems to 
modulate rat aortic ring contractions and the inhibitory effect of the 
hydroxyl radical scavenger was lower in the L-NAME-pretreated 
rings. These fi ndings support our observation. Furthermore, Nak-
mareong et al. (24) demonstrated that the treatment with curcumin 
restores the eNOS protein expression and resumes its counter bal-

Fig. 2. KCl concentration-response curves of aortas from control rats, 
curcumin-treated rats and curcumin-treated rats in the presence of  
L-NAME. Each point is the mean ± SEM of six  experiments.

Fig. 3.

Fig. 4.
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ance effect with ROS in rats. The investigators also reported the 
ability of curcumin to increase the NO production and to suppress 
oxidant formation, thereby increasing NO bioavailability to a lev-
el suffi cient to maintain “normal” vascular function. In addition, 
other reports showed that endothelial NO interacts with the ROS 
generated during rat aortic contractions to norepinephrine (25).

It is unclear whether the reactivity of smooth muscle to KCl 
is altered from NO in studies with antioxidants, as there are con-
fl icting reports about the contractile responses in the presence of 
L-NAME or endothelium-denudation. For example, Morello et al 
(20) reported that NO release from endothelial cells is partly in-
volved and modulates contraction induced by phenylephrine, but 
not by KCl, as in our study. These contradictory results indicate 
that the infl uence of endothelium removal or L-NAME-incubation 
seem to depend on both the tissue and the agonist. In this study, we 
investigated the effect of NO but not the endothelium.

In our study, chronic curcumin supplementation did not affect 
the luminal area of the rat aorta. Furthermore, no apparent histo-
logical changes were demonstrated in smooth muscle and connec-
tive tissue layers in the aortas of control and curcumin-treated rat 
preparations. This fi nding suggests that curcumin affects aortic 
smooth muscle response to contractile agents without the effect 
on vascular structure.

In conclusion, the results from the present study suggest that 
the basal production of NO by the endothelium seems to affect 
the vascular contraction induced by 5-HT, but not by KCl due to 
its interaction with the ROS mediators.
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