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Background: The aim of this study was to assess the
effects of N-acetylcysteine (NAC) on nitric oxide and adren-
ergic pathways in mesenteric artery from spontaneously hy-
pertensive rats (SHR) and Wistar-Kyoto rats (WKY).

Methods: Rats were treated with 4 g � kg�1 � day�1 of
NAC during 4 weeks or mesenteric beds were treated with 10
mmol/L of NAC during 20 min.

Results: In conscious rats, the NAC treatment produced
a significant reduction of mean arterial pressure (MAP)
and heart rate in SHR (P � .001). N�-nitro-L-arginine
methyl ester (L-NAME) caused a MAP increase in NAC-
treated SHR of magnitude similar to that in WKY, which
was significantly higher than that observed in control
untreated SHR (P � .05). Chronic treatments with NAC
improved the maximal relaxation of mesenteric arteries to
A23187 in SHR (P � .001). Acute NAC treatment in vitro
induced a vasodilation in Phe preconstricted arteries (P �

.001) that was stronger in SHR than in WKY (P � .05)
and was not abolished by L-NAME. The vasoconstrictory
response and increases in inositol phosphate production
induced by superoxide anion were attenuated by NAC
treatment through its superoxide scavenging properties. In
contrast, chronic and acute NAC treatments did not alter
the vasodilatory response to �-adrenergic receptor stimu-
lation.

Conclusions: The increase in NO-mediated vasodila-
tor tone and the possible decrease in adrenergic vasocon-
striction induced by NAC treatment in SHR could explain
the hypotensive effect of NAC in this model of
hypertension. Am J Hypertens 2003;16:577–584 © 2003
American Journal of Hypertension, Ltd.

Key Words: N-acetylcysteine, adrenergic �-agonists,
nitric oxide synthase, free radicals, antioxidants.

T he spontaneously hypertensive rat (SHR) experimen-
tal model of hypertension is characterized by an in-
creased �-adrenergic–induced vasoconstriction,1 as

well as by a decreased �-adrenergic–induced vasorelaxation
in resistance arteries2 and a decreased muscarinic induced
vasorelaxation in aorta3 and resistance arteries.4

Acute or chronic treatments with N-acetylcysteine
(NAC), a thiol-containing compound and a powerful an-
tioxidant, were found to increase the endothelium-depen-
dent relaxation in mesenteric arteries5 and in aorta6 as well
as to enhance the hypotensive effect of acetylcholine (Ach)
in vivo in normotensive and in SHR through a nitric oxide
(NO)–dependent mechanism.7 Moreover, it has also been

demonstrated that NAC can potentiate the antihyperten-
sive response of angiotensin converting enzyme inhibitors
in SHR by a NO-dependent mechanism.8

However, the potential effect of NAC on adrenergic
pathways has never been studied. Because �- and �-ad-
renergic pathways could be largely influenced by a NO-
dependent mechanism9 and altered by free radicals,10,11

we hypothetized that NAC could also modify the vasore-
activity to �- and �-adrenergic agonists. Thus, the aim of
the present study was to evaluate whether �- and �-ad-
renergic functions are modified after NAC treatment in
SHR and control Wistar-Kyoto rats (WKY) and whether
those modifications are NO dependent.
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Methods
Animals and Treatment

Both SHR and normotensive WKY (11 weeks old) were
obtained from Harlan Laboratories (Indianapolis, IN). In
studies performed to assess the effect of free radicals on
vasoreactivity, the inositol phosphate (IP) formation and
the antioxidant effect of NAC, Sprague-Dawley rats were
used to study the effect independently of the hypertensive
state. The rats were treated and maintained in accordance
with Canadian Council on Animal Care guidelines and the
study was approved by the local Institutional Animal
Ethics Committee. The rats were housed under conditions
of constant temperature and humidity, exposed to a 12-h
light/dark cycle, and given free access to standard labora-
tory rat chow (Basal Purified Diet 5755C, Purina Mills
Inc., St. Louis, MO) and drinking water. After a few days
of acclimatization, rats were randomly divided into control
groups and NAC-treated groups receiving 4 g � kg�1 of
body weight per day of NAC during 4 weeks in their
drinking water. Each day at 6 PM NAC was dissolved into
the drinking water.

Determination of BP

After 4 weeks of NAC treatment, mean arterial pressure
(MAP) and heart rate (HR) were measured in chronically
cannulated conscious and unrestrained animals under rest-
ing conditions as previously described.12 When MAP had
reached stable basal levels, after at least 20 min of con-
tinuous recording, basal values were measured. At the end
of the baseline period, a bolus injection of N�-nitro-L-
arginine methyl ester (L-NAME) was administered every
10 min at increasing concentrations (0.5 to 20 mg � kg�1)
through the left femoral venous catheter. No differences in
daily intake and body weight were observed among
groups.

Mesenteric Arterial Bed Preparation

Experiments were performed on 15-week-old rats as pre-
viously described.12 The mesenteric bed was continuously
perfused with 60 mmol/L KCl, which produced about 50%
of maximal contraction in SHR and WKY. The presence
of a functional endothelium was assessed by the observa-

tion of a vasodilator action of Ach (10 �mol/L). The
mesenteric arterial bed preparation was then perfused with
increasing and cumulative concentrations of Ach, A23187,
sodium nitroprusside (SNP), isoproterenol (Iso), and phen-
ylephrine (Phe) at 5-min intervals. In chronic studies,
dose-response curves were constricted for three to four
drugs in each mesenteric artery, and the order of the
addition was randomized. The mesenteric beds were per-
fused during 1 h between each dose-response curves with
Krebs bicarbonate solution containing 60 mmol/L KCl or
with Krebs bicarbonate solution only before Phe-induced
vasoconstriction. No prior exposure affected the subse-
quent response to the drug. However, in acute studies, only
one drug was tested 1 h before or during NAC treatment.
NAC (10 mmol/L) was added 20 min before the beginning
of the dose-response curves. This concentration and time
of preincubation for NAC correspond to its maximal va-
sorelaxing effect on hypoxanthine-xanthine oxidase and
phenylephrine-induced vasoconstriction. Chronic or acute
NAC treatments did not change the constriction response
of mesenteric beds to 60 mmol/L KCl. L-NAME (100
�mol/L) was added to the perfusate 20 min before the
induction of near 70 mm Hg increase in perfusion pressure
by Phe (0.3 to 3 �mol/L) to assess a possible contribution
of NOS pathway in NAC induced vasorelaxation. When
the increase perfusion had reached a plateau, NAC (10
mmol/L) was added for 20 min. L-NAME did not change
the baseline differently between the two strains.

In Sprague-Dawley rats, the effects of increasing and
cumulative concentrations of the free radical generating
system hypoxanthine-xanthine oxidase was assessed at
30-min intervals in mesenteric beds with or without endo-
thelium. Mesenteric beds were preconstricted with 60
mmol/L KCl. The endothelium was removed by 5 min of
perfusion with distilled water.

Cell Culture

Single smooth muscle cells (SMCs) from mesenteric ar-
teries were prepared as described previously.13 Cells be-
tween passages 2 and 8 were seeded into 132-mm, six-well
multidishes and used for IP. There was no significant
difference in the superoxide anion–induced increase in the
formation of IP in cultured SMCs among passages 2 to 8.

Table 1. Body weight, mean arterial pressure, and heart rate in control and NAC-treated WKY and SHR

Group
Body

Weight (g)
MAP

(mm Hg)
Heart Rate

(beats/min)

WKY 296.5 � 5.3 102.9 � 3.4 314.0 � 24.1
WKY-NAC 306.3 � 6.8 102.6 � 2.2 326.1 � 4.2
SHR 315.4 � 5.2 151.5 � 2.5* 380.3 � 6.4†
SHR-NAC 319.1 � 4.1 131.1 � 5.4*‡ 328.8 � 11.7§

MAP � mean arterial pressure; NAC � N-acetylcysteine; SHR � spontaneously hypertensive rats; WKY � Wistar-Kyoto rats.
Values are mean � SEM., n � 8–12.
* P � .001; † P � .01 SHR v WKY; ‡ P � .001; § P � .05; NAC-treated v untreated.
Statistical analysis: one-way ANOVA in conjunction with Bonferroni correction.
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Measurement of IP Formation

Measurement of IP formation was assessed in cultured
SMCs as described by us previously.10 The tritiated IP
pool of the aqueous phase represents total IP and was
eluted by ion-exchange chromatography (AG1-X8 resin,
Bio-Rad Laboratories, Mississauga, Ontario, Canada). The
lipid phase was counted to measure the phosphatidylino-
sitol (PIP) lipid pool. The accumulation of IP was ex-
pressed as a relative value of (IP/PIP) � 103 (arbitrary
units) to correct for the variation in the labeling of the lipid
pool.

Drugs

All drugs and chemical components of solutions were
purchased from Sigma Chemical Company (St. Louis,
MO). All drugs were dissolved in water except A23187,
which was dissolved in ethanol to give a final concentra-
tion of 0.1%. An ethanol concentration (0.1% to 1%) in
Krebs-Henseleit solution did not have any effect on 60
mmol/L of KCl-induced vasoconstriction.

Statistical Analysis

The amplitude of the contraction immediately before the
addition of different vasodilators was considered to repre-
sent 100%. Values are given as mean � SEM, with n
indicating the number of observations. Statistical analysis
was performed using two-way ANOVA in conjunction
with a Bonferroni multiple comparison analysis when F
values were significant for comparison of three or more
groups, and the Student t test was used to compare two
groups. For multiple comparisons with the same control
group, significance was assessed by a one-way ANOVA
followed by the Dunnett test. Dose-response curves were
fitted to the sigmoidal four-parameter logistic equation by
a curve-fitting analysis program (GraphPad Prism for
Windows version 2.01; GraphPad Inc., San Diego, CA) to
evaluate ED50 and maximal relaxation response. This pro-

gram was also used for all statistical analysis. The ED50

values were expressed as the negative logarithm of the
drug concentration that produces 50% of the maximal
response to each drug. Statistical significance was consid-
ered when P � .05.

Results
BP and HR

Both MAP and HR were significantly higher in 15-week-
old SHR than in WKY (Table 1). Chronic 4-week treat-
ment with NAC produced significant reductions in MAP
(�20 mm Hg) and HR (�52 beats/min) only in SHR
(Table 1).

NO Pathway

Relaxation to Acetylcholine The mesenteric arterial
beds from SHR were significantly less responsive to the
endothelium-dependent relaxing effect of ACh than those
obtained from WKY (P � .01), either with or without
NAC treatment, when the total dose-response curves were
analyzed with a two-way ANOVA. However, ED50 was
similar, and the maximal relaxation tended to be lower in
SHR compared with WKY but was nonsignificant at P �
.06 (Table 2). Chronic in vivo or acute in vitro NAC
treatments had no significant effects on ACh-induced va-
sodilation of mesenteric arterial beds in SHR and WKY
(Fig. 1, Table 2).

Relaxation to A23187 The responses of mesenteric ar-
tery were characterized by a vasorelaxation at low con-
centrations of A23187 (10�10 to 10�7 mol/L in SHR and
from 10�10 to 10�6 mol/L in WKY) and a vasoconstric-
tion at higher concentrations (data not shown). As depicted
in Fig. 1, the maximal relaxation (note that only the
relaxant portion of the curve was considered) of mesen-
teric artery to A23187 was greater in untreated WKY than
in SHR (P � .01). Chronic or acute NAC treatment

Table 2. Effects of N-acetylcysteine on responses to vasorelaxant drugs in mesenteric bed of WKY and SHR

Group

Ach A23187 SNP ISO

ED50
(�log)

Max Rel
(�%)

ED50
(�log)

Max Rel
(�%)

ED50
(�log)

Max Rel
(�%)

ED50
(�log)

Max Rel
(�%)

WKY 7.2 � 0.3 61.5 � 6.5 7.8 � 0.2 61.3 � 5.2 7.4 � 0.1 85.8 � 2.7 7.3 � 0.5 31.7 � 6.7
WKY-NAC (a) 7.1 � 0.2 55.3 � 3.2 7.6 � 0.2 64.7 � 4.6 7.6 � 0.1 84.9 � 3.3 7.5 � 0.1 33.5 � 1.3
WKY-NAC (c) 7.1 � 0.2 58.5 � 4.0 7.8 � 0.3 55.1 � 7.2 7.6 � 0.3 75.1 � 6.2 7.1 � 0.5 22.5 � 4.5
SHR 7.4 � 0.4 44.2 � 5.4 7.7 � 0.4 31.2 � 6.5* 7.1 � 0.1 89.8 � 2.5 8.0 � 1.4 26.6 � 9.0
SHR-NAC (a) 7.3 � 0.3 54.5 � 4.9 7.6 � 0.3 56.0 � 7.0† 7.6 � 0.1 78.4 � 3.8 7.1 � 0.4 24.1 � 5.0
SHR-NAC (c) 7.3 � 0.3 44.6 � 5.0 7.8 � 0.4 58.3 � 7.8† 7.2 � 0.1 84.6 � 3.9 8.0 � 0.7 23.4 � 5.9

A23187 � calcium ionophore A23187; Ach � acetylcholine; ISO � isoproterenol; SNP � sodium nitroprusside; a � acute; c � chronic; other
abbreviations as in Table 1.

Sensitivity, ED50, is expressed as the negative logarithm of the concentration and the maximal relaxation is expressed as the percentage
of the precontractile response to KCl on basal tension.

Values are mean � SEM n � 4–8.
* P � .01 SHR v WKY; † P � .05 NAC v untreated.
Statistical analysis: one-way ANOVA in conjunction with Bonferroni correction.

579AJH–July 2003–VOL. 16, NO. 7 N-ACETYLCYSTEINE AND VASOREACTIVITY IN SHR
D

ow
nloaded from

 https://academ
ic.oup.com

/ajh/article/16/7/577/189404 by guest on 25 April 2024



improved the maximal mesenteric bed relaxation of SHR
(P � .05), whereas the maximal relaxation to A23187 was
not modified in vessels from NAC-treated WKY (Table 2).

Relaxation to Sodium Nitroprusside Response curves
to SNP were similar in mesenteric artery from untreated
SHR and WKY. The NAC treatment did not affect the
ED50 and the maximal relaxation to SNP in mesenteric
artery from SHR and WKY (Table 2).

Effects of NAC on L-NAME–Induced Vasoconstriction
in Vivo The increase in MAP after L-NAME injection
was lower in SHR compared with WKY (P � .05).
Chronic NAC treatment did not change the L-NAME–
induced increases in MAP in WKY; however, in SHR, it
did increase the MAP responses at high doses of L-NAME
to the same levels as those observed in WKY (P � .05)
(Fig. 2).

Adrenergic Functions

Relaxation to Isoproterenol The degree of �-adrener-
gically induced relaxation by ISO did not differ signifi-

cantly between WKY and SHR. The dose-response curves
to ISO in mesenteric vessels of acutely or chronically
NAC treated WKY or SHR rats were similar to those of
untreated rats (Table 2).

Constriction to Phenylephrine The vasoconstriction to
Phe was greater in SHR than in WKY (P � .01) (Fig. 3A).
Chronic NAC treatment did not modify the Phe-induced
vasoconstriction (Fig. 3A), whereas acute NAC treatment
significantly inhibited the Phe-induced vasoconstriction of
mesenteric arteries to a greater extent in SHR (66.7% �
5.4%; P � .001) than in WKY (49.2% � 7.3%; P � .001)
(P � .001 SHR v WKY) (Fig. 3B). The inhibition by the
acute treatment with NAC was not affected in either group
by the presence of L-NAME (Fig. 3B).

Effect of NAC on Free Radical–
Induced Contractility and
Inositol Phosphate Production

The hypoxanthine-xanthine oxidase (HX-XO), a free rad-
ical generating system, induced a significant vasoconstric-

FIG. 1. Dose-response curves to acetylcholine (upper panels) and A23187 (lower panels) on KCl–induced vasoconstrictions of endothe-
lium intact mesenteric arterial bed before (control) and after acute or chronic 4-week N-acetylcysteine (NAC) treatment in spontaneously
hypertensive rats (SHR) (left panels) and Wistar-Kyoto rats (WKY) (right panels). Mesenteric beds were perfused with normal Krebs
solution containing KCl at 60 mmol/L. At the plateau of the contraction, the preparation was perfused with Krebs solution containing
increasing and cumulative concentrations of acetylcholine or A23187. Data are expressed as means � SEM of four to eight mesenteric beds
and expressed as the percentage of contraction induced by KCl: ***P � .001 for chronic or acute NAC treatments v control (two-way ANOVA
in conjunction with Bonferroni).
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tion of mesenteric vessels (Fig. 4A and 4B) and in the IP
production of cultured vascular SMC. The acute NAC
treatment significantly inhibited the HX-XO–induced IP
formation in a concentration-dependent manner (Fig. 4C)
and significantly inhibited HX-XO–induced vasoconstric-
tion in mesenteric beds with or without endothelium (P �
.001) (Fig. 4A and 4B).

Discussion
The findings of the present study can be summarized as
follows: 1) chronic NAC treatment decreased MAP and
HR in SHR; 2) chronic or acute treatments with the
antioxidant NAC enhanced the responses of mesenteric
beds from SHR to the calcium ionophore A23187, an
endothelium-dependent vasodilator that stimulates NO re-
lease; 3) acute treatment with NAC produced NO-inde-
pendent impairment of �-adrenergically induced
vasoconstriction that was stronger in mesenteric beds of
SHR than those of WKY; 4) acute NAC treatment coun-
teracted the IP-induced formation and constrictive effect of
free radicals production induced by the HX-XO reaction.

Effects of NAC on NO Pathway

In the present study, the endothelium-dependent vasodila-
tion and the activity of the NOS pathway as evaluated by
ACh and the calcium ionophore A23187, a potent releaser
of NO, were found to be impaired in mesenteric beds from
SHR compared with WKY. Considering that altered va-
sodilatory functions in SHR could be the result of en-
hanced oxidative stress, it was expected that NAC
treatment would improve endothelial dependent vasodila-
tion. However, improvement in vasodilation was observed
only with A23187 but not with ACh. The discrepancy
between the effect of NAC on ACh- and A23187-induced
vasodilations could be explained by the fact that ACh

stimulates NO production only from endothelial NOS
(eNOS), whereas A23187 stimulates NO release from both
neuronal NOS (nNOS) and eNOS. Indeed, nNOS is more
susceptible than eNOS to produce superoxide anion and
peroxinitrite,14 which can be scavenged efficiently by an-
tioxidants such as NAC.

In other studies in which NAC treatment was found to
improve endothelium-dependent relaxation to ACh in iso-
lated mesenteric arteries5 and aorta,6 precontractions were
induced either with phenylephrine or U-46619, a throm-
boxane A2 mimetic. In the present study, an effect on
endothelium-derived hyperpolarizing factor (EDHF) path-
way may be excluded, as the relaxant effects were mea-
sured in the presence of K�-induced concentrations that
decrease EDHF effects. Therefore, the improved ACh
vasorelaxation observed in those studies could be attrib-
uted to an improved EDHF effect rather than to an im-
provement in the NO pathway.

Moreover, the enhanced A23187-induced vasodilation
by NAC treatment and the absence of an effect of that
treatment on SNP-induced vasodilation in isolated vessels
suggest that the effect of NAC is mediated either by an
activation of NOS or by an inhibition of NO degradation.
To verify the contribution of NOS pathway in the MAP
reduction by NAC, the pressor effect of intravenous injec-
tions of a NOS inhibitor, L-NAME, were evaluated. The
increases in MAP after L-NAME injection were lower in
untreated SHR compared with WKY, suggesting impaired
NOS pathway activity in SHR. Because increases in MAP,
at high L-NAME concentrations, were enhanced in NAC-
treated SHR and became similar to increases observed in
WKY, these results suggest the restoration of the sensitiv-
ity of the NOS pathway in SHR by chronic treatment with
NAC.

The improvement by NAC treatment of the activity of
NOS pathway as evaluated by the response to the calcium
ionophore A23187 or L-NAME could be mediated

FIG. 2. Dose-response curve of mean arterial pressure (MAP) induced by intravenous administration of N�-nitro-L-arginine methyl ester
(L-NAME) in chronically NAC–treated (4 weeks) and untreated (control) SHR and WKY rats. Other abbreviations as in Fig. 1. Data are
expressed as mean � SEM of four to six mesenteric beds. * P � .05 for NAC v control (two-way ANOVA in conjunction with Bonferroni).
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through an antioxidant effect. Indeed, in preliminary ex-
periments, the superoxide scavenging property of NAC
was clearly demonstrated in cultured SMCs from SHR and
WKY. Moreover, NAC is the precursor of another anti-
oxidant compound, glutathione.15 It has also been demon-
strated that chronic NAC treatment increased the activities
of glutathione (GSH) peroxidase and glutathione disulfide
(GSSG) reductase and decreased the aortic GSSG/GSH
balance in SHR.6,16 Furthermore, it has been demonstrated
in genetically prehypertensive or hypertensive rats, in
DOCA-salt–treated rats, and in rats made hypertensive by
aortic banding, that higher basal or NADH-stimulated
production of superoxide anion is present in the aorta or
coronary arteries of those animals.17–20 These results
could thus explain the specific preferential and more po-
tent effects of NAC that were observed in mesenteric
arterial beds from SHR rather than in those from WKY.

Effects of NAC on Adrenergic Pathways

The dose-response curves of the �-receptor agonist ISO in
mesenteric beds were similar in mesenteric artery from
SHR compared with WKY, and were not modified by
chronic or acute NAC treatments. The absence of effect of
the treatment with NAC on �-adrenergic pathways in
vascular bed from SHR suggests that this pathway does
not seem to be altered by free radicals produced in mes-
enteric arteries.

On the other hand, the Phe-induced vasoconstriction
that was found to be greater in mesenteric arteries of SHR
compared with WKY was acutely inhibited by NAC in
SHR and WKY. The inhibition was stronger in SHR
compared with WKY. Furthermore, our results obtained
from mesenteric beds in the absence and presence of
L-NAME showed that this effect of NAC on �1-induced
vasoconstriction was independent of the NOS pathway.

Effects of NAC on Free
Radical–Induced IP Production

Because it has been demonstrated in isolated smooth mus-
cle cells that superoxide anions induce an important IP
production that is greater in SHR,10 it may be postulated
that the effect of NAC on Phe-induced vasoconstriction
may be due to an inhibition of free radical production and
to an associated reduction in superoxide-induced IP pro-
duction. The increased contractility and IP production
induced by the free radical generating system HX-XO was
completely inhibited by NAC (10 mmol/L) in the presence
or absence of endothelium. These results strongly suggest
that NAC could inhibit the HX-XO–induced contractility
and IP production by scavenging free radicals. The greater
production of free radicals in vessels from SHR than in
those from WKY could explain the stronger effect ob-
served with NAC on Phe-induced vasoconstriction in ar-
terial beds from SHR.15

Effects of NAC on BP and HR

This study reports that a chronic, 4-week NAC treatment
attenuated hypertension and decreased HR in SHR. These
findings regarding BP are in agreement with earlier exper-
imental and clinical studies that have previously reported
the hypotensive effects of NAC7,21 and its vasorelaxant
properties,5,6 The present results suggest that the hypoten-
sive effect of NAC is most likely due to the potentiation of
the NO pathway. These findings are in accordance with
those of Fenoy et al,22 who demonstrated an antihyperten-
sive effect of NAC in one-kidney, one-clip induced hyper-
tension through a NO-dependent mechanism. It has also
been shown that NAC can potentiate the antihypertensive
response to angiotensin converting enzyme inhibitors in
SHR and in essential hypertension by a NO-dependent
mechanism.8 Moreover, it has been shown that NAC en-
hances the hypotensive effect of ACh in vivo in normo-
tensives rats and in SHR through a NO-dependent
mechanism.7 In the present study, the absence of effect of

FIG. 3. A) Dose-response curves to phenylephrine (PHE) of endo-
thelium intact mesenteric arterial bed before (control) and after a
chronic NAC treatment in SHR and WKY rats. The preparation was
perfused with a Krebs solution containing increasing and cumulative
concentrations of PHE. B) Effects of acute treatment with NAC on
PHE-induced contraction of mesenteric arterial bed in SHR and WKY
rats. The acute effect of NAC was assessed in mesenteric beds in the
absence (�L-NAME) or the presence (�L-NAME, 100 �mol/L). Data
are expressed as mean � SEM of four to eight mesenteric beds: * P
� .05 SHR v WKY (Student t test). Other abbreviations as in Figs. 1
and 2.
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chronic NAC treatment on �-adrenergic vascular func-
tions suggest that such mechanism is not involved in the
hypotensive effect of the chronic NAC treatment. How-
ever, the involvement of the �1-adrenergic vascular com-
ponent in the hypotensive effect of NAC needs to be
clarified. The decrease in HR induced by a chronic NAC
treatment may be due to a decrease in sympathetic tone.21

In conclusion, acute and chronic treatments with NAC
were found to improve the potency of the NOS pathway,
an effect that is most likely mediated by its antioxidant
properties. Acute treatment with NAC was also found to
inhibit the �1-adrenergic–induced vasoconstriction in
mesenteric beds independently of its effects on the NOS
pathway. Therefore, the hypotensive effect of NAC in
SHR could be explained by the potentiating effect of NAC
on vasodilatory mechanism in that experimental model of
hypertension, as well as its possible inhibitory effect on
adrenergic vasoconstrictory mechanism, which remains to
be elucidated in vivo.

Acknowledgments
The authors gratefully acknowledge Jo-Anne Le Guerrier,
Diane Papin, and Carole Champagne for their skillful
technical assistance.

References

1. Husken BC, Hendriks MG, Pfaffendorf M, Van Zwieten PA: Effects
of aging and hypertension on the reactivity of isolated conductance
and resistance vessels. Microvasc Res 1994;48:303–315.

2. Fujimoto S, Dohi Y, Aoki K, Asano M, Matsuda T: Diminished
beta-adrenoceptor-mediated relaxation of arteries from spontane-
ously hypertensive rats before and during development of hyperten-
sion. Eur J Pharmacol 1987;136:179–187.

3. Sim MK, Singh M: Decreased responsiveness of the aorta of hy-
pertensive rats to acetylcholine, histamine and noradrenaline. Br J
Pharmacol 1987;90:147–150.

4. Tesfamariam B, Halpern W: Endothelium-dependent and endothe-
lium-independent vasodilation in resistance arteries from hyperten-
sive rats. Hypertension 1988;11:440–444.

5. Lopez BL, Snyder JW, Birendaum DS, Ma XI: N-acetylcysteine
enhances endothelium-dependent vasorelaxation in isolated rat mes-
enteric artery. Ann Emerg Med 1988;32:405–410.

6. Cabassi A, Dumont EC, Girouard H, Bouchard J-F, Lejossec M,
Lamontagne D, Besner J-G, de Champlain J: Effects of chronic
N-acetylcysteine treatment on the actions of peroxynitrite on aortic
vascular reactivity in hypertensive rats. J Hypertens 2001;19:1233–
1244.

7. Lahera V, Khraibi AA, Romero JC: Sulfhydryl group donors po-
tentiate the hypotensive effect of acetylcholine in rats. Hypertension
1993;22:156–160.

8. Ruiz FJ, Salom MG, Ingles AC, Quesada T, Vicente E, Carbonell
LF: N-acetyl-L-cysteine potentiates depressor response to captopril
and enalaprilat in SHRs. Am J Physiol 1994;267:R767–R772.

FIG. 4. The effect of NAC on the contraction of mesenteric beds
with (A) or without (B) endothelium, independently of the hyper-
tensive state by hypoxanthine-xanthine oxidase (HX-XO)–induced
formation of free radicals in Sprague-Dawley rats. Mesenteric beds
were perfused with normal Krebs solution containing KCl at 60
mmol/L. At the plateau of the contraction, the preparation was
perfused with a Krebs solution containing NAC (10 mmol/L) for 20
min followed by increasing and cumulative concentrations of HX-
XO. Data points represent means of pressure over KCl-induced
contraction � SEM (n � 8). *P � .05 (paired t-test). C) Effect of NAC
on the inositol phosphate (IP) formation by HX-XO–induced free
radicals production in cultured smooth muscle cells from Sprague-
Dawley rats. After pretreatment with NAC at different concentra-
tions for 20 min, HX-XO–induced IP formation was progressively and
dose-dependently inhibited in smooth muscle cells after superoxide
production with xanthine-xanthine oxidase. � indicates absolute
change in (IP/PIP) � 103 after substraction of basal values. Data

points represent means � SEM. *P � .05 (one-way ANOVA in con-
junction with Dunnett test), compared with initial IP production by
various concentrations of HX-XO. n � 4 to 8. Other abbreviation as
in Figs. 1–3.
4————————————————————————————————–

583AJH–July 2003–VOL. 16, NO. 7 N-ACETYLCYSTEINE AND VASOREACTIVITY IN SHR
D

ow
nloaded from

 https://academ
ic.oup.com

/ajh/article/16/7/577/189404 by guest on 25 April 2024



9. Priest RM, Hucks D, Ward JPT: Potentiation of cyclic AMP-
mediated vasorelaxation by phenylephrine in pulmonary arteries of
the rat. Br J Pharmacol 1999;127:291–299.

10. Wu L, de Champlain J: Superoxide anion-induced formation of
inositol phosphates involves tyrosine kinase activation in smooth
muscle cells from rat mesenteric artery. Biochem Biophys Res
Commun 1999;259:239–243.

11. Liang C, Rounds NK, Dong E, Stevens SY, Shite J, Qin F: Alter-
ations by norepinephrine of cardiac sympathetic nerve terminal
function and myocardial beta-adrenergic receptor sensitivity in the
ferret: normalization by antioxidant vitamins. Circulation 2000;102:
96–103.

12. Girouard H, Chulak C, Lejossec M, Lamontagne D, de Champlain
J: Vasorelaxant effects of the chronic treatment with melatonin on
mesenteric artery and aorta of spontaneously hypertensive rats.
J Hypertens 2001;19:1369–1377.

13. Wu L, de Champlain J: Inhibition by cyclic AMP of basal and
induced inositol phosphate production in cultured aortic smooth
cells from Wistar-Kyoto and spontaneously hypertensive rats. J Hy-
pertens 1996;14:593–599.

14. Gorren ACF, List BM, Schrammel A, Pitters E, Hemmens B, Werner
ER, Schmidt K, Mayer B: Tetrahydrobiopterin-free neuronal nitric
oxide synthase: evidence for two identical highly anticooperative pteri-
dine binding sites. Biochemistry 1996;35:16735–16745.

15. Cotgreave I, Moldeus P, Schuppe I: The metabolism of N-acetyl-
cysteine by human endothelial cells. Biochem Pharmacol 1991;42:
13–16.

16. Vericel E, Narce M, Ulmann L, Poisson JP, Lagarde M: Age-related

changes in antioxidant defense mechanism and peroxidation in
isolated hepatocytes from spontaneously hypertensive and normo-
tensive rats. Mol Cell Biochem 1994;132:25–29.
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Busse: Vasodilator dysfunction in aged spontaneously hypertensive
rats: changes in NO synthase III and soluble guanylyl cyclase
expression, and in superoxide anion production. Cardiovasc Res
1998;37:772–779.

19. Cosentino F, Patton S, D’uscio LV, Werner ER, Werner-Felmayer
G, Moreau P, Malinski T, Lüscher TF: Tetrahydrobiopterine alters
superoxide and nitric oxide release in prehypertensive rats. J Clin
Invest 1998;101:1530–1537.

20. Wu R, Millette E, Wu L, de Champlain J: Enhanced superoxide
anion formation in vascular tissues from spontaneously hyperten-
sive and desoxycorticosterone acetate-salt hypertensive rats. J Hy-
pertens 2001;19:741–748.

21. Girouard H, Chulak C, LeJossec M, Lamontagne D, de Champlain
J: Chronic antioxidant treatment improves sympathetic functions
and �-adrenergic pathway in the spontaneously hypertensive rats.
J Hypertens 2003;21:179–188.

22. Fenoy FJ, Tornel J, Madrid MI, Lopez E, Garcia-Salom M: Effects
of N�-nitro-L-arginine and N-acetyl-L-cysteine on the reversal of
one-kidney, one-clip hypertension. Am J Hypertens 1997;10:1208–
1215.

584 AJH–July 2003–VOL. 16, NO. 7N-ACETYLCYSTEINE AND VASOREACTIVITY IN SHR
D

ow
nloaded from

 https://academ
ic.oup.com

/ajh/article/16/7/577/189404 by guest on 25 April 2024


	N-Acetylcysteine Improves Nitric Oxide and -Adrenergic Pathways in Mesenteric Beds of Spontaneously Hypertensive Rats
	Methods
	Animals and Treatment
	Determination of BP
	Mesenteric Arterial Bed Preparation
	Cell Culture
	Measurement of IP Formation
	Drugs
	Statistical Analysis

	Results
	BP and HR
	NO Pathway
	Relaxation to Acetylcholine
	Relaxation to A23187
	Relaxation to Sodium Nitroprusside
	Effects of NAC on L-NAME–Induced Vasoconstriction in Vivo

	Adrenergic Functions
	Relaxation to Isoproterenol
	Constriction to Phenylephrine

	Effect of NAC on Free Radical–Induced Contractility and Inositol Phosphate Production

	Discussion
	Effects of NAC on NO Pathway
	Effects of NAC on Adrenergic Pathways
	Effects of NAC on Free Radical–Induced IP Production
	Effects of NAC on BP and HR

	Acknowledgments
	References


