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ABSTRACT 
Here we investigated the effects of chronic treated with resveratrol, a polyphenol (3,4’,5-trihydroxystilbene) 
found in more than 70 plant species and food products such as red grapes, berries and peanuts, or N-PEP-12, a 
mix of peptides, on arteries in aging rats. Aging rats have shown endothelial dysfunction. Aged Sprague-Dawley 
rats (18 months old) were treated with resveratrol (20 mg/kg/day by gavage) or N-PEP-12 (60 mg/kg/day by ga-
vage) for 10 weeks. 24 hours after the last administration of resveratrol or N-PEP-12, the animals were weighed 
and diastolic and systolic blood pressure was measured by tail-cuff plethysmography. Thoracic and abdominal 
aorta artery segments were obtained from resveratrol-, N-PEP-12- and vehicle-treated rats and were mounted in 
isometric tension for isolated vessels. We found that resveratrol and N-PEP-12 improved acetylcholine-induced 
relaxation in the old animals. These results suggest that chronic administration of resveratrol or N-PEP-12 may 
in part reduce endothelial dysfunction in the aging. 
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1. Introduction 
Resveratrol (trans-3,4’,5-trihydroxystilbene) is a nonfla- 
vonoid, polyphenolic compound found in various fruits 
and vegetables, and is particularly abundant in red grapes 
and red wine [1]. Additionally, the root extract of the 
weed Polygonumcuspidatum, an important constituent of 
Chinese and Japanese folk medicines, is a source of res- 
veratrol [1]. Resveratrol has recently received attention 
for its benefit effects in neurodegenerative diseases, lon- 
gevity and cardiovascular disease [1]. Cardiovascular 
diseases are among the most common cause of death 
among elderly patients in the world [2]. Age-specific 
mortality rates from heart disease and stroke increase 
exponentially with age throughout the later years of life, 
accounting for more than 40% of all deaths among 

people aged 65 - 74 years and almost 60% at age 85 
years and older [2]. Indeed, the effect of aging on the 
vascular system is considered a potential mechanism 
involved in vascular dysfunction and age-related athe- 
rosclerosis [2]. Interestingly, recent reports in rodents 
[3,4] and humans [5] suggest that increased activity of 
NAD(P)H oxidases leads to endothelial dysfunction in 
the aged [2] and that oxidative stress promotes the de- 
velopment of coronary artery disease and stroke in el- 
derly patients [2,4]. Recently it has been showed resvera- 
trol regulates NO levels in vascular endothelium [6]. 
Therefore, it is possible that the cardioprotective actions 
of resveratrol may function via an effect on endothelial 
dysfunction in the aging. 

N-PEP-12 is a dietary supplement derived from Cere- 
brolysin and consists of neuropeptides and amino acids 
[7]. N-PEP-12 has been shown in vivo to enhance cogni- *Corresponding author. 
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tive function and reduce neurodegenerative events asso- 
ciated with aging (Windisch et al., 2005). In healthy old- 
er adults, N-PEP-12 has been demonstrated to improve 
memory performance [7-9]. Resveratrol has also been 
shown to exert neuroprotective effects and has been in- 
dicated for the prevention and treatment of both acute 
and chronic neurodegenerative diseases, such as cerebral 
ischemia and Alzheimer’s disease. In the present study 
we examined whether chronic administration of resvera- 
trol or N-PEP-12 affects endothelial dysfunction during 
aging as evidenced by endothelia of the thoracic and ab- 
dominal aorta and blood pressure and cardiac rate in aged 
rats. 

2. Material and Methods 
2.1. Animals 
A total of 40 Sprague-Dawley male rats, 14 months of 
age (weighing 573 ± 24 g) were obtained from our facili- 
ties from Claude Bernard bioterium (University of Pueb- 
la). Rats were housed in a temperature (20˚C - 23˚C) and 
humidity (40% - 50%) controlled environment on a 12 - 
12 h light-dark cycle with free access to food and water. 
All experimental procedures were approved by the 
IF-BUAP Animal Care Committee and are in accordance 
with the technical guidelines for production, care, and 
use of animals in the laboratory issued by SAGARPA 
México (NOM-062 ZOO-1999) and by the National In- 
stitutes of Health Guide for the Care and Use of Labora- 
tory Animals. All efforts were made to minimize animal 
suffering and to reduce the number of animals used. 

2.2. Resveratrol or N-PEP-12 Administration 
In order to assess possible beneficial effects of resvera- 
trol or N-PEP-12 on functional endothelial changes that 
occur in the vasculature during aging, rats were then ad- 
ministrated with resveratrol (20 mg/kg by gavage; from 
Sigma-Aldrich, St. Louis, MO, USA) or N-PEP-12 (60 
mg/kg by gavage; from Ever NeuroPharma GmbH, Unte- 
rach, Austria) or an equal volume of vehicle was admini- 
strated every day in the morning (10:00 to 12:00 am) for 
a period of 10 weeks. 

2.3. Measure of Blood Pressure 
Blood pressure was measured in all the animals (n = 9 - 
11 per group). Systolic and diastolic blood pressure were 
measured using the tail-cuff method (XBP1000 Rat tail, 
Blood Pressure system, Kent Scientific Corporation). 
Systolic and diastolic blood pressures (mean ± SE, mm 
Hg) for the resveratrol-treatment, N-PEP-12-treated and 
vehicle-treated rats at 18 months old measured as pre- 
viously described [10]. Blood pressure and heart rate of 
the vehicle, resveratrol- and N-PEP-12- treated rats were 

measured on day after of the last doses of resveratrol, 
N-PEP-12 or vehicle. 

2.4. Vascular Contractility 
Immediately after measuring the heart rate and blood 
pressure, animals (n = 9 - 11 per groups) were deeply 
anesthetized with sodium pentobarbital (75 mg/kg body 
weight, ip) and sacrificed. In addition 8 vehicle-treated 
adult Sprague-Dawley rats (3 months old and weighing 
between 250 to 300 g) were also sacrificed as controls. 
Descending thoracic aorta were rapidly isolated and 
cleaned from perivascular tissue as described [11]. 
Briefly, the aortas were placed in Krebs’ solution of the 
following composition: NaCl 133 mM, KCl 4.7 mM, 
NaH2PO4 1.35 mM, NaHCO3 16.3 mM, MgSO4 0.61 
mM, D-glucose 7.8 mM, and CaCl2 2.52 mM at pH 7.4. 
The aortas were cut into rings (2 - 3 mm in length). The 
rings were suspended horizontally by means of two pa- 
rallel L-shaped stainless steel holders inserted into the 
lumen in 5-ml organ baths filled with Krebs’ solution, 
bubbled with a 95% O2 - 5% CO2 gas mixture, and 
maintained at 37˚C. One holder served as an anchor and 
the other was attached to an isometric force-displacement 
transducer coupled to Powerlab data acquisition and 
analysis system (AD Instruments). Contractile tension 
was recorded using the chart 5.0 computer program as 
previously described [11]. Each ring was stretched to a 
resting tension of 2 g (thoracic aorta) and allowed to 
equilibrate for 60 to 90 min. During this period, tissues 
were re-stretched and washed every 30 min with warm  
Krebs’ solution. After equilibration, rings with endothe- 
lium-intact were precontracted using 10−6 M phenyleph- 
rine, and concentration-response curves to acetylcholine 
(10−9 to 10−5 M) were performed by cumulative addition. 
To avoid interferences with endogenous NO, the endo- 
thelium was removed in some preparations by gently 
rubbing the intimal surface of the rings with a metal rod. 
The endothelium removal procedure was verified by the 
inability of acetylcholine (10−6 M) to relax arteries pre- 
contracted with norepinephrine (10−6 M). In rings with- 
out endothelium, after equilibration, rings were precon- 
tracted by 80 mM KCl, and, once a stable contraction 
was reached, were washed with warm Krebs solution for 
30 minutes and concentration-response curves to pheny- 
lephrine (10−9 to 10−5 M) were performed by cumulative 
addition. 

2.5. Statistical Analysis 
Data on vascular contractility were analyzed by two-way 
ANOVA, followed by the Newman-Keuls test for post- 
hoc comparisons, with age and drug as independent fac- 
tors (P < 0.05 was considered significant). Whereas data 
from blood pressure test were analyzed by Mann-Whit- 
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ney and Kruskal Wallis tests (P < 0.05 considered sig- 
nificant). 

3. Results 
3.1. Blood Pressure and Cardiac Rate 
Blood pressure and cardiac rate of the vehicle-, N-PEP- 
12- and resveratrol-treated 18-month old rats were meas- 
ured on the day after the last dose (Table 1). Systolic and 
diastolic blood pressure and the cardiac rate were also 
measured. Kruskal Wallis test statistical analysis re- 
vealed no significant differences between vehicle-, N- 
PEP12- or resveratrol-treated rats (Table 1). 

3.2. Body Weight 
Bodyweight of the vehicle-, N-PEP-12- and resveratrol- 
treated rats, were measured both before the first dose of 
resveratrol or N-PEP-12 and then again one day after the 
last dose (Table 1). Ten weeks of resveratrol or N- 
PEP-12 administration did not alter body weight when 
compared to the vehicle-treated animals (By two-way 
ANOVA analysis, age; F1,56 = 6.18, P = 0.01; drugs; F2,56 
= 0.1, P = 0.9 and an interaction of drugs with age F2,56 = 
0.2, P = 0.8) (Table 1). 

3.3. Resveratrol and N-PEP-12 Improved the 
Vasodilation in the Old Arteries 

In rat aortic rings aged (without endothelium), phenyle- 
pherine induced a sustained vasoconstriction in a dose- 
dependent manner in the isolated aortain all experimental 
groups (Figure 1(a)). Whereas acetylcholine induced a 
concentration-dependent relaxation in all vessels precon- 
tracted by phenylephrine (Figure 1(b)). A two-way 
ANOVA of phenylephrine-induced vasoconstriction 
(Figure 1(b)) revealed significant main effects of treat- 
ment (F3,273 = 6.3, P < 0.01), doses (F9,273 = 369, P < 
0.01), and treatment by doses interaction (F27,273 = 1.8, P 
= 0.01); however, post hoc test revealed that ten weeks of 
resveratrol or N-PEP-12 administration did not modify  

the response to phenylephrine compared to the vehicle- 
treated animals. Interestingly, the response to acetylcho- 
line was modified in the vessels of the resveratrol- and 
NPEP-12-treated rats (by two-way ANOVA analysis, 
treatment; F3,263 = 5.5, P < 0.01; doses; F9,263 = 339, P < 
0.9 and an interaction of treatment with doses F27,263 = 
1.56, P = 0.04) (Figure 1(b)). Resveratrol and NPEP-12 
adminstration improved the acetylcholine-induced relax- 
ation in the old animals. Finally, vessels of the vehicle- 
treated old rats exhibited a reduction inphenylephrine- 
induced contraction and acetylcholine-induced relaxation, 
compared to the vessels of the adult animals. 

4. Discussion 
The major aim of the present study was to investigate the 
effects of 10 weeks of resveratrol or N-PEP-12 adminis- 
tration on vasoconstriction and relaxation of the thoracic 
aorta of 18 months old rats. Interestingly, resveratrol, a 
polyphenol and N-PEP-12, a mix of peptides, both 
caused changes in the relaxation of the aorta of the aging 
rats. Aorta from resveratrol- or N-PEP-12-treated rats 
displayed enhanced relaxation produced by acetylcholine. 
The results from this study are consistent with a recent 
report [12], which demonstrated that aortae from old 
WistarKioto rats (20 - 24 months old) incubated with 
resveratrol (10 µmol/L) by one hour improved the ace- 
tylcholine-induced relaxation. Therefore, the authors sug- 
gest that resveratrol may inhibit the endothelial dysfunc- 
tion by aging. It is noteworthy to mention that in our ex- 
perimental design the effects of resveratrol are the results 
of long-term changes in the dysfunctional endothelium in 
the aged rats. This approached is similar to use of the res- 
veratrol in humans. In contrast to other experiments, in 
this study resveratrol or N-PEP-12 administration was 
stopped 24 hours before the experimental measurements 
were recorded, thus, our data further suggest that chronic 
resveratrol treatment in aged rats, without high blood 
pressure, did not modify the blood pressure and heart rate, 
but was able to restore the vasorelaxive abilities of the 

 
Table 1. Effect of the N-PEP-12 and resveratrol on the blood pressure of old rats. 

 Vehicle-treated N-PEP-12-treated Resveratrol-treated 

Weight at the beginning 564 ± 20 g 577 ± 19 g 573 ± 24 g 

Weight at the end 629 ± 26 g 613 ± 32 g 620 ± 20 g 

Systolic blood pressures 150.8 ± 2.6 mmHg 142 ± 4.1 mmHg 146.3 ± 4.7 mmHg 

Diastolic blood pressures 97.3 ± 2.1 mmHg 93 ± 2.8 mmHg 96.2 ± 4.7 mmHg 

Heart rate 369 ± 14.2 bpm 418 ± 19 bpm 392 ± 11 bpm 

Heart weight 1.62 ± 0.07 g 1.62 ± 0.06 g 1.64 ± 0.06 g 

Mean and standard error (SEM) relative to blood pressure and weight of the animals before and after N-PEP-12- or resveratrol-treated on old rats. Interestingly 
no differences were found between groups.  

OPEN ACCESS                                                                                          PP 



Chronic Administration of the Resveratrol or N-PEP-12 Ameliorates the Endothelial Dysfunction in Aging Rats 72 
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(b) 

Figure 1. Effect of resveratrol or N-PEP-12 administration 
on vasoconstriction and relaxation of the isolated aortic 
rings from old animals. Values are means ± S.E.M. (n = 8 - 
11). *P < 0.01 versus old-vehicle; **P < 0.05 versus old-ve- 
hicle; +P < 0.01 versus adult-vehicle; ++P < 0.05 versus 
adult-vehicle. (a) Concentration-response curve for con- 
traction induced by phenylephrine. (b) Concentration-res- 
ponse curve for relaxation induced by acetylcholine. 
 
aortae. It is noteworthy to mention that there is very 
scarce literature on N-PEP-12 and its effects on memory 
processes [7-9]. However, N-PEP-12 is derived from 
Cerebrolys in [7] which has been shown to have an anti- 
oxidant effects on the neurons [13]. 

In accordance with our results, a recent report suggests 
that chronic adminstration of resveratrol (10 to 20 weeks) 
did not modify the high systolic blood pressure of the 
adult spontaneously hypertensive rat (SHR) [14]. How- 
ever, resveratrol increased compliance of small arteries 
of the SHR [14]. This effect may be due in part to a 
change in wall component stiffness. Whereas, in arteries 
of the young-adult WistarKioto rats, resveratrol reduced 
wall component stiffness, which explains the ability of 
resveratrol to increase compliance [14]. The authors sug- 
gest that a possible explanation could be related to the 
ability of resveratrol to limit the increase in compliance 
of SHR arteries, likely related to inhibitory effects on 
remodeling and the activation of the kinase-G that inhi- 
bited signal-regulated kinases (ERK)-enzymes rather 
than blood pressure or arterial wall component stiffness.  

In addition, a recent in vitro report suggests that resvera- 
trol may act through a novel cellular pathway that in- 
volves rapid stimulation of kinase-G system to inhibit the 
ERK1/2 mitogenic enzymes [15]. Interestingly these me- 
chanisms remain functional in the absence of vascular 
endothelium [15], which implies that resveratrol may 
have effects even in advanced cases with endothelial 
damage. It should be noted that two recent reports have 
suggested that resveratrol inhibits blood pressure [16,17], 
These apparent differences from our findings are most 
likely due to methodological differences. The Ma et al., 
[16] study reports a microinjection of resveratrol into the 
rostral ventrolateral medulla (RVLM) dose dependently 
decreased blood pressure, heart rate and renal sympa- 
thetic nerve activity [16]. Whereas, in the other report, 
adult female rats were exposed to low levels of estra- 
diaol-17β (E2) for 3 months which increases superoxide 
levels in RVLM and results in hypertension [17]. Interes- 
tingly, treatment with resveratrol reversed E2-induced 
increases in superoxide levels in the RVLM and reversed 
the increase in blood pressure [17]. It is generally ac- 
cepted that RVLM plays a pivotal role in the regulation 
of vascular tone and the maintenance of blood pressure 
[18]. 

The effects of aging on the vascular system are com- 
plex, however the majority of the reports focus on vas-
cular dysfunction and atherosclerosis. In vascular dys-
function several mechanisms have been proposed. It is 
well known that NO plays a crucial factor in the function 
of endothelial cells. One of the consequences of increased 
oxidative stress in aging is a functional inactivation of 
NO by high concentrations of O2—resulting in signifi-
cant vasomotor dysfunction [2]. In opposition with the 
NO vascular dysfunction in aging, regular exercise im-
prove endothelial function, possibly by augmenting NO 
bioavailability and attenuating oxidative stress [2]. Other 
beneficial effects of the exercise increased insulin sensi-
tivity, decreased fat content, attenuation of hyperlipide-
mia and confers anti-inflammatory actions [2]. 

Several reports suggest that the effects of resveratrol 
may be mediated by NO synthesis and a decrease in Ca2+ 
influx [19]. However, a recent report suggests that resve- 
ratrol improved NO-mediated vasorelaxation without 
altering eNOS expression [20], possibly by virtue of its 
antioxidant actions. Therefore, resveratrol prevents free 
radical-induced degradation of NO, thereby rescuing or 
increasing NO-cGMPPKG signaling. In addition, resve- 
ratrol-amplified phosphorylation of VASP at serine 239, 
a reliable marker of PKG activity [14]. As we mentioned 
before, cGMP-PKG signaling has been linked to sup- 
pression of ERK [15]; inhibition of ERK by resveratrol 
might thus be conferred by antioxidant-dependent aug- 
mentation of NO-cGMP-PKG signaling. 

In summary, our data confirm and extend earlier stu- 
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dies that in aging arteries with endothelial dysfunction, 
chronic adminstration of resveratrol or N-PEP-12 can re- 
store vasorelaxation. This ability of resveratrol and N- 
PEP-12 in aging rats might be related to their antioxidant 
properties [13,17,19]. Furthermore, chronic administra- 
tion of resveratrol or N-PEP-12 appears not to modify the 
blood pressure and heart rate. 
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