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Summary 
We aimed to explore the effects of melatonin and n-3 
polyunsaturated fatty acids (PUFA) supplementation on plasma 
and aortic nitric oxide (NO) levels in isoproterenol (Iso) affected 
spontaneously hypertensive (SHR) and Wistar rats. Untreated 
control rats were compared with Iso injected (118 mg/kg, s.c.) 
rats, and Iso injected plus supplemented with melatonin 
(10 mg/kg, p.o.) or PUFA (1.68 g/kg, p.o.) for two months. 
Plasma and aortic basal, L-NAME inhibited, adrenaline and 
acetylcholine stimulated NO were determined using Griess 
method. Plasma NO levels were lower in SHR versus Wistar rats. 
Iso decreased NO in Wistar while not in SHR. PUFA but not 
melatonin intake of Iso treated SHR increased plasma NO along 
with a decrease in systolic blood pressure. Basal aortic NO level 
was higher in SHR than Wistar rats and not altered by Iso. Intake 
of melatonin increased but PUFA decreased basal NO levels in 
Wistar+Iso and did not affect in SHR+Iso rats. Acetylcholine and 
adrenaline induced aortic NO release was significantly increased 
in Wistar+Iso but not SHR+Iso group. Melatonin intake increased 
Ach induced aortic NO in Wistar+Iso and SHR+Iso groups, 
whereas there was no effect of PUFA intake. Findings suggest 
that PUFA modulates plasma and melatonin aortic NO levels of 
isoproterenol affected rats in a strain-dependent manner. 
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Introduction 
 

Nitric oxide (NO) is a gaseous signaling 
mediator that plays a significant role in vascular 
homeostasis such as vasodilation, endothelial 
proliferation, survival and angiogenesis. NO is 
biosynthesized from L-arginine by enzymatic action of 
nitric oxide synthase (NOS) and, by non-enzymatic way, 
produced from nitrate, nitrite and S-nitrosothiol products 
(Zhao et al. 2015). There is an inverse relationship 
between NO bioavailability and severity of hypertension. 
In a clinical study, the generalized endothelial 
abnormality was found in NO release and its 
accomplishment with the increased of blood pressure 
(Panza et al. 1995). In hypertensive subjects, the loss of 
NO bioavailability in response to acetylcholine (Ach) was 
primarily related to lack of NOS mediated NO 
biosynthesis, scarcity of functional endothelial cells and 
degradation of NO by reactive oxygen species (Púzserová 
et al. 2013, Taddei et al. 1997, Vázquez-Pérez et al. 
2001). Similar to Ach, norepinephrine and isoproterenol 
(Iso) induced endothelial NO release was also abolished 
in hypertensive animals, whereas contractile response of 
norepinephrine was increased (Arribas et al. 1994, 
Vázquez-Pérez et al. 2001). However, reports have been 
suggesting similarity in endothelium independent 
vasodilation between normotensive and hypertensive 
humans (Panza et al. 1995, Taddei et al. 1997). 
Therefore, the restoration of endothelial NO release is 
a key component for the treatment of hypertension and 
related vascular abnormalities. 
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Among all cardiovascular diseases, 5 % of death 
pertains to hypertensive heart diseases (Mendis et al. 
2011). Spontaneously hypertensive rats (SHR) were more 
vulnerable to ventricular fibrillation induction than 
normotensive Wistar rats (Benova et al. 2013). The 
cardiac β-adrenoceptor signaling and NO mediated 
relaxation responses were abolished in SHR but not in 
Wistar rats (Manso et al. 2000). These data suggest 
development of cardiac abnormalities due to 
hypertension. Other than this, vasomotor tone is also 
disturbed by cardiac pathology. Coronary artery ligation 
induced heart failure in rats caused impairment of 
endothelium dependent NO response in mesenteric 
arteries and pulmonary arteries (Baggia et al. 1997). 
Heart failure decreased β-adrenoceptor density in the 
aorta by increasing G-protein coupled receptor kinase 
activity (Gaballa et al. 2001). High dose of Iso,  
β-adrenoceptor agonist, is widely used for induction of 
myocardial infarction and heart failure in rats (Zhang G et 
al. 2005, Zhang J et al. 2008). However, adverse effects 
of Iso on vasculature and NO formation are less explored 
and data about efficiency of treatment is missing. 

Melatonin and PUFA are well known for their 
cardio-protective and anti-hypertensive action (Benova et 
al. 2013, Borghi et al. 2006, Radosinska et al. 2011, 
Simko et al. 2007). Melatonin increased Ach induced 
vasodilation and NO release by local (from endothelial 
cells of aorta) and systemic (increasing L-arginine 
production from kidney) actions in SHR (Girouard et al. 
2001, Tain et al. 2010). In a previous study (Dlugosova et 
al. 2009), treatment with PUFA significantly increased 
aortic NOS activity and decreased blood pressure in SHR. 
Surprisingly, PUFA did not enhance Ach induced 
vasodilatation in aorta. Anti-hypertensive action of 
melatonin and PUFA is attributed to multiple 
mechanisms such as anti-oxidant properties, down-
regulation of adrenoceptor signaling, and intracellular 
calcium modulation (Engler et al. 2000, K-Laflamme et 
al. 1998, Lawson et al. 1991, Mano et al. 1995, 
Pechánová et al. 2007, Pogan et al. 2002). 

The aim of this study was to explore the effects 
of melatonin and PUFA supplementation on plasma and 
aortic basal as well as stimulated NO levels in high Iso 
dose affected male, 8-month-old SHR and normotensive 
Wistar rats. 
 
Methods 
 

Animal experiments were performed in 

accordance with the rules issued by the State Veterinary 
Administration of the Slovak Republic, legislation No. 
377/2012 and they conform to the ’European Convention 
for the Protection of Vertebrate Animals used for 
Experimental and other Scientific Purposes’ (Council of 
Europe No 123, Strasbourg 1985). Adult, male  
(8-month-old) SHR and age matched normotensive Wistar 
rats (WR) were used. Rats were divided into four groups 
(n=6 per group), untreated control rats (WC and SC), 
isoproterenol (Iso) injected rats (WI and SI), melatonin + 
isoproterenol treated rats (WIM and SIM), and n-3 
polyunsaturated fatty acids (PUFA) + isoproterenol treated 
rats (WIO and SIO). Iso was injected subcutaneously for 
7 days in graded manner from 7 mg/kg to 30 mg/kg 
(Fig. 1). Melatonin (10 mg/kg/day during 67 days) was 
given in drinking water at night time. PUFA 
(1.68 g/kg/day, i.e. 2 ml/kg, during 67 days using Omacor, 
46 % eicosapentaenoic acid + 38 % docosahexaenoic acid 
ethyl ester, Pronova Biopharma Norge AS, Norway) was 
administered by gastric tube. Untreated control rats were 
handled with drinking water and saline injection. 

 

 
 
Fig. 1. Schedule of melatonin, PUFA and isoproterenol 
administration to normotensive Wistar rats and SHR. Experiment 
started at 1st and ended after 67 days. Iso was injected within 
7 days from 7 mg/kg to 30 mg/kg. 

 
Systolic blood pressure and body weight were 

determined on the 1st day and the last 67th day. Systolic 
blood pressure was measured by tail-cuff 
plethysmography using the Statham Pressure Transducer 
P23XL (Hugo Sachs, Germany). At the end of 
experiment, the chest of euthanized rats was opened and 
blood sample and aorta were processed. Aorta was 
excised, dissected and cut into 1 mm rings and divided 
into six subgroups to examine NO levels using Griess 
method in all groups of rats. Nitrite was detected and 
analyzed by formation of a red pink color upon treatment 
of a NO2- containing sample with the Griess reagent. 

1) Basal NO determination: Aortic ring 
incubated in modified Krebs-Henseleit (K-H) buffer 
(200 µl, 118.5 mM NaCl, 4.7 mM KCl, 1.2 mM CaCl2, 
4.7 mM MgSO4, 11 mM glucose, 25 mM NaHCO3, and 
1.2 mM KH2PO4 in distilled water, 37 ºC, carbogen 
(mixture of 5 % CO2 and 95 % O2 for 30 min). 
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2) NG-nitro-L-arginine methyl ester (L-NAME, 
L-N) NO determination: Aortic ring incubated in the K-H 
buffer (100 µl) containing L-NAME (10-4 M, NOS 
inhibitor, 15 min), and later in the K-H buffer (100 µl) for 
15 min. 

3) Acetylcholine (Ach) stimulated NO 
determination: Aortic ring incubated in the K-H buffer 
(100 µl) for 15 min, and later in the K-H buffer (100 µl) 
containing acetylcholine (10-6 M, 15 min). 

4) Adrenaline (Adr) NO determination: Aortic 
ring incubated in the K-H buffer (100 µl) for 15 min, and 
later in the K-H buffer (100 µl) containing adrenaline  
(10-6 M, 15 min). 

5) L-N + Ach NO: Aortic ring incubated in the 
K-H buffer (100 µl) containing L-NAME (10-4 M, 
15 min), and later in the K-H buffer (100 µl) containing 
acetylcholine (10-6 M, 15 min). 

6) L-N + Adr NO: Aortic ring incubated in the 
K-H buffer (100 µl) containing L-NAME (10-4 M, 
15 min), and later in the K-H buffer (100 µl) containing 
adrenaline (10-6 M, 15 min). 

After the second incubation, 50 μl of supernatant 
from each subgroup was mixed with VCl3 (30 μl) and 
Griess reagent (50 μl, freshly prepared by mixing 
sulphanilamide 2 %, N-(1-naphthyl)-ethylenediamine, 
0.2 % and orthophosphoric acid) for color development 
(30 min). Absorbance was estimated at 550 nm using 
ELISA reader (Chaudagar et al. 2014). The intensity of 
purple color indicated the amount of NO in the samples.  

For systemic NO determination, blood was 
collected from thoracic cavity into heparinized tubes after 
dissecting aorta. Tubes were centrifuged (4 ºC, 1000 g, 
10 min) to separate plasma. 50 μl of plasma was used for 
NO determination using Griess method as mentioned 
earlier. 

 
Statistical analysis 

All values were presented as mean ± SEM. 
Graphpad Prism software (version 5.0, Graph Pad 
software Inc, USA) was used for statistical analyses. 
Body weight, systolic blood pressure and L-NAME 
pertain NO releasing data were analyzed by student t-test. 
Other data were interpreted using one way ANOVA test, 
followed by Bonferroni correction. A value of p<0.05 
was considered to be statistically significant. 
 
Results 
 

Registered biometrical parameters showed 
a significant (p<0.01) increase in systolic blood pressure 

and a decrease in body weight of 8-month-old SHR when 
compared to age matched normotensive Wistar rats 
(Table 1). On the 67th day (the end of experiment, Fig. 1), 
there were no significant changes in systolic blood 
pressure of untreated SHR and Wistar rats when 
compared to the 1st day. There was no change in systolic 
blood pressure of SHR and normotensive Wistar rats 
injected by isoproterenol as well as melatonin + 
isoproterenol rats when compared to untreated ones. In 
contrast, PUFA intake of isoproterenol injected rats 
resulted in decrease (p<0.05) in systolic blood pressure of 
SHR but not Wistar rats when compared to the 1st day 
(Fig. 2). 

 
 

Table 1. Phenotypic characteristics of adult male 8-month-old 
SHR and age matched normotensive Wistar rats. 
 

Phenotypes Wistar rats SHR 

Body weight (g) 286±3.586 270.7±2.66** 
Systolic blood 
pressure (mm Hg) 

121.7±3.743 203.7±5.945*** 

 
Values are expressed as mean ± SEM (n=33). ** p<0.01 and 
*** p<0.001 vs. Wistar rats. 
 
 
 

 
 
Fig. 2. Systolic blood pressure of experimental animals at the 
begining (first column) and end (second column); untreated 
Wistar rats (WC), isoproterenol (Iso) treated WR (WI),  
melatonin + Iso treated WR (WIM), PUFA + Iso treated WR 
(WIO), untreated SHR (SC), Iso treated SHR (SI), melatonin + 
Iso treated SHR (SIM) and PUFA + Iso treated SHR (SIO). Values 
are expressed as mean ± SEM. $ p<0.05 vs. starting value in 
each group. # p<0.05 vs. respective SC column. Systolic blood 
pressure of SHR columns is significantly (p<0.001) higher than 
respective WR columns. 

 
 
Compared to normotensive Wistar rats, SHR 

exhibited significantly (p<0.05) lower plasma NO levels. 
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Isoproterenol injection of Wistar rats resulted in 
significant (p<0.01) decrease of plasma NO level when 
compared to untreated ones. This decrease was not 
affected by supplementation with either PUFA or 
melatonin (Fig. 3A). In contrast, there was no change in 
plasma NO of SHR due to isoproterenol administration. 
PUFA supplementation but not melatonin increased 
(p<0.05) plasma NO level in SHR when compared to 
untreated or isoproterenol injected SHR (Fig. 3A). 
 
 

 

 
Fig. 3. (A) Plasma NO level and (B) basal aortic NO release of 
experimental animals; untreated Wistar rats (WC), isoproterenol 
(Iso) treated WR (WI), melatonin + Iso treated WR (WIM), PUFA 
+ Iso treated WR (WIO), untreated SHR (SC), Iso treated SHR 
(SI), melatonin + Iso treated SHR (SIM) and PUFA + Iso treated 
SHR (SIO). Values are expressed as mean ± SEM. * p<0.05, 
** p<0.01 and *** p<0.001 vs. WC. & p<0.05 and && p<0.01 vs. 
WI. # p<0.05 vs. SC. %% p<0.01 vs. SI. 

 
 
Basal aortic NO (data are summarized in 

Fig. 3B) was slightly but not significantly increased in 
untreated SHR when compared to untreated Wistar rats. 

There was no change in basal aortic NO level between 
untreated and isoproterenol affected SHR or Wistar rats. 
On the other hand, basal aortic NO was significantly 
increased by melatonin intake of isoproterenol injected 
Wistar rats. In contrast, basal aortic NO was significantly 
decreased by PUFA intake of isoproterenol injected 
Wistar rats when compared to untreated and 
isoproterenol-injected normotensive rats. Neither 
melatonin nor PUFA did affect the basal aortic NO in 
SHR comparing to untreated and isoproterenol affected 
SHR.  

Compared to basal condition, adrenaline and 
acetylcholine stimulated aortic NO levels were 
significantly (p<0.05) increased in untreated as well as 
isoproterenol affected normotensive Wistar rats, while 
reversed by NOS inhibitor, L-NAME (Fig. 4A,B). This 
significant adrenaline and acetylcholine mediated aortic 
NO release was not registered in untreated and 
isoproterenol treated SHR (Fig. 5A,B). Treatment of 
isoproterenol affected rats with melatonin (Fig. 4C, 
Fig. 5C) resulted in significant (p<0.05) increase in 
acetylcholine mediated NO release from the aorta of both 
SHR and normotensive Wistar rats. This release was 
suppressed by L-NAME. Treatment of isoproterenol 
affected rats with PUFA (Fig. 4D, Fig. 5D) did not affect 
adrenaline or acetylcholine mediated aortic NO release in 
SHR or Wistar rats.  
 
Discussion 
 
Effect of age and hypertension on NO level 

SHR differ in cardiovascular phenotypes from 
Wistar rats. They are characterized by endothelial 
dysfunction, i.e. reduced vascular reactivity, such as 
acetylcholine and adrenaline induced vasodilatation 
(Török et al. 2006, 2008, Dlugosova et al. 2009) and they 
are intolerable to age dependent NO deficiency (Arribas 
et al. 1994, Brooks et al. 2009, Rapoport et al. 1996, 
Radosinska et al. 2011, Tain et al. 2010, Török et al. 
2008). These changes appear in SHR with respect to age. 
In 5-week-old SHR, vascular reactivity and NO release 
were preserved, whereas they were disturbed in  
3-month-old SHR (Arribas et al. 1994, Török et al. 
2006). Consistent to this, we found an increase in systolic 
blood pressure, decrease in plasma NO, loss of 
acetylcholine and adrenaline induced NO release in  
10-month-old SHR.  
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Fig. 4. Effect of L-NAME (NOS inhibitor) on basal (Ba), adrenaline (Adr) stimulated and acetylcholine (Ach) stimulated aortic NO release 
of experimental animals; (A) untreated Wistar rats (WC), (B) isoproterenol (Iso) treated WR (WI), (C) melatonin + Iso treated WR 
(WIM) and (D) PUFA + Iso treated WR (WIO). Values are expressed as mean ± SEM. * p<0.05, ** p<0.01 and *** p<0.001 vs. basal 
NO release. $ p<0.05 and $$ p<0.01 vs. respective non L-NAME treated group. 

 
 
In 14-, 17- and 63-week-old SHR, the expression 

and basal activity of eNOS (endothelial specific NOS) 
decreased, whereas basal activity and expression of iNOS 
(inducible NOS) increased in age matched SHR (Chou et 
al. 1998). Other reports suggested an increase in basal 
NO release from the aorta of SHR which was 
prominently attributed to iNOS (Maffei et al. 2002, Wu 
et al. 1999). In our study, the basal aortic NO release was 
similar in both strains, 10-month-old SHR and 
normotensive Wistar rats. It was independent from NOS 
activation. Acetylcholine and adrenaline induced aortic 
NO release, in our as well as other published studies, 
seems to be related to endothelial muscarinic receptor and 
β-adrenoceptor mediated NOS activation, respectively 

(Arribas et al. 1994, Jen et al. 2002, Púzserová et al. 
2013, Thioub et al. 2009). 
 
Effect of isoproterenol on NO level 

Besides age and hypertension, cardiac 
abnormalities may also alter vascular reactivity and NO 
bioavailability. Systemic vascular resistance was 
increased while adrenoceptor mediated NO release 
decreased in Wistar rats after the induction of myocardial 
infarction. It was related to the decrease in density of  
β-adrenoceptor (Gaballa et al. 2001). Acetylcholine 
mediated NO release was diminished in pulmonary and 
mesenteric arteries but not in aorta after development of 
heart failure in rats (Baggia et al. 1997). It points out 
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a non-uniform response to injury throughout the vascular 
system. Accordingly, systemic NO levels may indicate 
abnormalities in systemic arteries other than aorta. 
Indeed, we found decrease in plasma NO in isoproterenol 
affected Wistar rats whereas aortic NO release was not 
altered. Apart from this, the β-adrenoceptor signaling and 

vascular non-uniformity might be altered due to ageing of 
SHR (Girouard et al. 2003). It may partially explain our 
findings that isoproterenol did not worsen plasma and 
aortic NO in 10-month-old SHR. It appears that vascular 
dysfunction can be differentially regulated by aging, 
hypertension and isoproterenol induced injury. 

 

 
Fig. 5. Effect of L-NAME (NOS inhibitor) on basal (Ba), adrenaline (Adr) stimulated and acetylcholine (Ach) stimulated aortic NO release 
of experimental animals; (A) untreated SHR (SC), (B) Iso treated SHR (SI), (C) melatonin + Iso treated SHR (SIM) and (D) PUFA + Iso 
treated SHR (SIO). Values are expressed as mean ± SEM. * p<0.05, ** p<0.01 and *** p<0.001 vs. basal NO release. $ p<0.05 and 
$$ p<0.01 vs. respective non L-NAME treated group. 
 
 
Effect of melatonin on NO level in isoproterenol affected 
rats 

Melatonin is a principal hormone of a pineal 
gland. Its production is modulated by age and 
hypertension. Juvenile SHR exhibited high plasma 
melatonin level and no elevation of systolic blood 
pressure unlike 15-week-old SHR that exhibited 

decrease of melatonin along with an increase in blood 
pressure in respect to age-matched normotensive Wistar 
Kyoto rats (Kawashima et al. 1984). The administration 
of melatonin (>30 mg/day for 4 weeks) decreased 
systolic blood pressure in 12-week-old SHR (Girouard 
et al. 2001). It was accomplished with an increase in 
acetylcholine-induced vasodilatation. In 23-week-old 
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SHR, the antihypertensive action of melatonin was 
related to renin inhibition (Kawashima et al. 1987). In 
contrast, we did not find anti-hypertensive effect of 
melatonin in 10-month-old isoproterenol affected SHR. 
Most likely, it might be associated with a modulation of 
calcium homeostasis and dominant production of 
vasoconstrictor prostaglandins (Pogan et al. 2002). 
Melatonin increased intracellular calcium in presence of 
agonist and abolished superoxide linked suppression of 
calcium entry in endothelial cells (Pogan et al. 2002). 
Increase in intracellular calcium stimulates NOS 
dependent NO synthesis and cyclooxygenase mediated 
vasoconstrictor production. Age and hypertension are 
key factors for deciding dominancy of endothelial 
signaling pathways. Decrease in NOS dependent NO 
synthesis was associated with increase in systolic blood 
pressure at young age (<45 years old) in hypertensive 
patients, whereas this was associated with 
cyclooxygenase mediated vasoconstrictor production at 
old age (>45 years old) in hypertensive patients (Taddei 
et al. 1997). We found an increase in acetylcholine 
mediated NOS dependent NO synthesis in the aorta of 
both 10-month-old melatonin treated and isoproterenol 
affected SHR and normotensive Wistar rats, but no 
change in plasma NO. We can speculate about 
preservation of aortic NOS dependent NO production by 
melatonin in isoproterenol affected rats and dominancy 
of cyclooxygenase mediated vasoconstrictor production 
from other systemic arteries in blood pressure control of 
10-month-old SHR. Adrenaline mediated NO release 
was not altered by melatonin in our study. It is in 
agreement with other reports, which have suggested 
ineffectiveness of melatonin to modulate isoproterenol 
induced vasorelaxation in mesenteric artery (Girouard et 
al. 2003) and decrease sympathetic tone by post 
synaptic modulation (K-Laflamme et al. 1998). In  
10-month-old Wistar rats, melatonin treatment increased 
basal aortic NO release that was related to NOS 
independent NO synthesis. This increase in NO release 
may be related to thiol group increasing anti-oxidant 
property of melatonin (Zhao et al. 2015). 
 
Effect of PUFA on NO level in isoproterenol affected rats 

PUFA is a precursor of vasodilatating 
prostaglandins, 17,18-epoxyeicosatetraenoic acid and 
19,20-epoxydocosapentaenoic acid, via enzymatic 
action of cytochrome P1A1. The genetic ablation of 
cytochrome P1A1 caused development of hypertension 
in normotensive rats (Agbor et al. 2012). Vasodilatatory 

prostaglandins stimulate adenosine triphosphate and 
calcium dependent K+-channel resulting in relaxation of 
vascular smooth muscles (Hoshia et al. 2013). Other 
than this, PUFA suppressed the agonist stimulated 
calcium release in the vascular smooth muscle (Engler 
et al. 2000, Hirafuji et al. 1998, Lawson et al. 1991). 
PUFA inhibits renin and sympathetic tone (Fischer et al. 
2008). These actions might contribute to decrease of 
systolic blood pressure of 10-month-old SHR after 
PUFA treatment in our experiment. However, melatonin 
that also inhibited renin, adrenoceptor and modulated 
intracellular calcium homeostasis in endothelial cells 
(K-Laflamme et al. 1998, Kawashima et al. 1987, 
Pogan et al. 2002), did not alter systolic blood pressure 
in 10-month-old SHR. This suggests a prominent role of 
vasodilatatory prostaglandins dependent K+-channel 
activation for the anti-hypertensive action of PUFA in 
our study. 

In the study of Dlugosova et al. (2009), PUFA 
reduced systolic blood pressure in SHR. It was 
independent from aortic NO release. The endothelial 
NOS dependent NO release was unaltered in the 
mesenteric artery and aorta of cytochrome P1A1  
knock-out mice (Agbor et al. 2012). This suggested no 
NO modulating actions of PUFA vasodilatatory 
metabolites, 17,18-epoxyeicosatetraenoic acid and  
19,20-epoxydocosapentaenoic acid. Eicosapentaenoic 
acid (EPA) and docosahaexanoic acid (DHA) inhibited 
endothelial NOS dependent NO synthesis in the aorta 
(Christon et al. 2005, Hirafuji et al. 1998). Consistent to 
this, we found fall in basal aortic NO, loss of 
acetylcholine and adrenaline induced aortic NO release 
after the PUFA treatment in normotensive isoproterenol 
treated Wistar rats. Argan oil, EPA and DHA-rich oil 
increased NO in the tissue by enhancing the level of anti-
oxidants and abolishing superoxide production 
(Berrougui et al. 2004). Anti-oxidant property of PUFA 
contributed to the increase in plasma NO of 10-month-old 
isoproterenol affected SHR. Thus, antihypertensive action 
of PUFA in SHR seems also to be related to the increase 
of systemic NO. 

 
Conclusion 

 
Findings of our study suggest that systemic 

rather than aortic NO is a decisive factor contributing to 
modulation of blood pressure in hypertensive rat disease. 
PUFA, but not melatonin, would be a preferable 
treatment to decrease blood pressure by restoring 
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systemic NO in aged hypertensive subjects. Melatonin 
preserves acetylcholine induced NO level but inhibits 
adrenaline action in aorta of aged spontaneously 
hypertensive rats. 
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