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Article 

Acetylcholine Activates a Regenerative Vasodilator 
Mechanism That Is Sensitive to Nitric Oxide 
Production 
Nelson P. Barrera, Mónica Márquez, Matías Muñoz-Uribe and Xavier F. Figueroa * 

Facultad de Ciencias Biológicas, Pontificia Universidad Católica de Chile, Santiago, Chile. 
BARRERA et al: NO-sensitive conducted vasodilation 
* Correspondence: Dr. Xavier F. Figueroa, Facultad de Ciencias Biológicas, Pontificia Universidad Católica 

de Chile, Av. Libertador Bernardo O'Higgins 340, Santiago, RM, Chile and Phone: 562-686-2356; e-mail: 
xfiguero@uc.cl 

Abstract: Conduction of vasodilator signals plays an important role in the coordination of blood 
flow distribution. It is thought that endothelium-dependent vasodilation’s are conducted by 
electrotonic spread through gap junctions of the endothelial cell hyperpolarization generated at the 
stimulation site. However, nitric oxide (NO) was found to reduce the propagation of vasodilator 
responses, suggesting the participation of this signaling molecule in the mechanism of conduction. 
Mouse cremasteric arterioles were stimulated through micro-application of ACh or the NO donor, 
S-nitroso-N-acetylpenicillamine (SNAP) and the responses were evaluated at the stimulation site 
(local) and at sites located 500, 1000 and 2000 µm upstream from the vessel segment stimulated with 
ACh. The response to ACh spread along the entire vessel showing a slight decay and, in contrast, 
the dilation evoked by SNAP was restricted to the stimulation site, independently of the magnitude 
of the response. Blockade of NO production with 100 µM NG-nitro-L-arginine methyl ester (L-
NAME) or 100 µM NG-nitro-L-arginine (L-NA) reduced the resting diameter by 10-12% (n=4), but 
the combination of two NO blockers enhanced the basal vasoconstrictor tone by ~38% (n=5) and 
inhibited the local (~45%) and conducted (~20-35%) responses to ACh. Interestingly, the conduction 
of ACh-induced vasodilation increased along the vessel length in the presence of L-NAME and L-
NA. In addition, endothelial cell hyperpolarization blockade exclusively at the stimulation site 
through microsuperfusion of tetraethylammonium inhibited the local vasodilation, but not the 
conduction of the response. These results indicate that ACh activates a NO-sensitive regenerative 
vasodilator mechanism that is coupled to the activation of NO production and endothelium-
dependent hyperpolarization along the vessel length. 

Keywords: conducted vasodilation; endothelial cells; nitric oxide; resting arteriolar diameter and 
mouse cremaster arterioles 

 

Introduction 

Most of the resistance to blood flow resides on feed arteries and arterioles (i.e. resistance arteries) 
in the microcirculation, and then, changes in diameter of these vessels play a central role in the control 
of systemic arterial blood pressure and blood flow distribution(1–3). Blood vessels are complex, 
multicellular structures that must work as a unit to rapidly adjust the distribution of blood flow 
according to the changing metabolic demand of cells of the surrounding tissue (1,4). In addition to 
the response directly activated in the site of stimulation, changes in diameter are also conducted along 
the length of resistance arteries and conduction of vasomotor signals has emerged as an important 
physiological mechanism to coordinate vascular resistance within the microvascular bed, connecting 
function of distal and proximal segments of the vasculature (1,4–6). Cells of the vessel wall are 
functionally connected via gap junctions and conducted vasomotor responses are associated with the 
propagation of an electrical signal (7,8). Then, it is thought that conduction of the changes in vessel 
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diameter is the result of the electrotonic spread via gap junctions of the variations in membrane 
potential observed at the stimulation site. In this context, depolarization is associated with the 
conduction of vasoconstriction and hyperpolarization with the spread of vasodilation (7,9,10). 

Although the magnitude of vessel diameter is determined by the degree of smooth muscle 
contraction (i.e. vasomotor tone), Ca2+-dependent production of vasodilator signals by endothelial 
cells plays a critical role in the fine control of vascular resistance to blood flow along the time (4,11,12). 
Nitric oxide (NO) has widely been recognized as the primary endothelium-dependent vasodilator 
signal in large, conduit vessels (13). However, in small resistance arteries and arterioles, the relevance 
of a complementary vasodilator component associated with endothelial cell-mediated smooth muscle 
hyperpolarization was also identified (14). This additional vasodilator signal was first thought to be 
a factor released by endothelial cells, but it is currently recognized the importance of Ca2+-activated 
K+ channels (KCa) of small (SKCa) and intermediate (IKCa) conductance to trigger this vasodilator signal 
by generating a hyperpolarization that is transmitted from endothelial cells to smooth muscle cells 
through the gap junctions connecting these two cell types (i.e., myoendothelial gap junctions), which 
led to call this vasodilator signaling as endothelium-derived hyperpolarization (EDH) (15). It must 
be noted that, in blood vessels, SKCa and IKCa are only expressed in endothelial cells (16–18). 

NO is generated by the enzyme NO synthase (NOS) and, of the three isoforms of NOS, the 
endothelial isoform (eNOS) is expressed in the endothelium (13). As the vasodilation activated by 
NO production is mainly mediated by a reduction in the Ca2+ sensitivity of smooth muscle contractile 
machinery (19,20), the conduction of endothelium-dependent vasodilator responses is thought to rely 
exclusively on the spread of the EDH signaling along the vessel length, whereas NO only contributes 
to the local vasodilation observed at the site of stimulation (21,22). However, NO may also be 
involved in the functional coordination of vasomotor tone among the arterioles in the 
microcirculation, since the conducted vasodilation observed in response to acetylcholine (ACh) was 
shown to be inhibited by histamine in a NO-dependent manner (23). Furthermore, the response was 
enhanced in PECAM-1 knockout mice (i.e., CD31) after blocking the NO synthesizing enzyme, 
suggesting that NO may be involved in the regulation of the mechanism of conduction of the 
vasodilator signal (23). 

Based on the above-described findings, we hypothesized that NO participates in the regulation 
of the mechanism involved in the coordination of the changes in diameter of resistance arteries in the 
microcirculation. We evaluated the effect of the blockade of NO production on the conduction of 
vasodilator signals activated by ACh. Our findings indicate that stimulation with ACh triggers the 
initiation of a regenerative mechanism that mediates the propagation of a vasodilator signal coupled 
to the activation of NO production and EDH signaling along the arteriolar length. In addition, the 
ACh-evoked regenerative vasodilator mechanism is sensitive to NO, which, consequently, works as 
negative feedback signaling on the conducted vasodilation. 

Materials and Methods 

Male C57 Bl/6 (wild type) mice between 22 and 28 g were used. Mice were bred and maintained 
in the Research Animal Facility of the Pontificia Universidad Católica de Chile and all studies were 
approved by the Institutional Bioethics Committee (protocol ID 210422002). Experiments were 
conducted according to the Helsinki Declaration and the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals (NIH Publications No. 8523, revised 2011) were followed. All 
efforts were made to minimize the suffering and number of animals used. 

Mouse Cremaster Preparation 

Mice were anaesthetized with pentobarbital sodium (40 mg/Kg, i.p., diluted in isotonic saline to 
5 mg/mL), placed on a Plexiglas board and the cremaster muscle microcirculation was prepared as 
described previously (5). The right cremaster muscle was exposed, opened by a longitudinal incision 
on its ventral surface and the testis and epididymis were excised after ligating the supply vessels. 
The cremaster was pinned out on a silicone rubber pedestal, and thus, the mouse was placed on a 
Gibraltar Platform coupled to an Olympus microscope (BX 50 WI). Body temperature was maintained 
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at 35-36°C with a heating pad and the cremaster muscle was continuously superfused at 3 ml/min 
with a bicarbonate-buffered saline solution (mM: 131.9 NaCl, 4.7 KCl, 2.0 CaCl2, 1.2 MgSO4, 20.0 
NaHCO3) kept at 35°C and equilibrated with 95% N2- 5% CO2.  The preparation was allowed to 
stabilize for 45-60 min before starting the experiment. Supplemental doses of dilute anaesthetic in 
isotonic saline (10 mg/Kg, i.p.) were administrated as appropriate throughout the experiment. At the 
end of the experiment the animals were euthanized by application of an anaesthetic overdose.  

Vessel Diameters 

The cremaster muscle was transilluminated, and the microscope image was acquired through a 
video camera (Dage-MTI Series 65, IN) and displayed on a monitor (Dage-MTI Model HR1000, IN).  
The inner diameters of the arterioles were continuously measured using Diamtrak software (5,24).  

Arterioles were stimulated focally with a pressure-pulse ejection (10-15 psi) of 10 µM ACh, 10 
µM S-nitroso-N-acetylpenicillamine (SNAP) or 1 µM calcitonin gene-related peptide (alpha isoform, 
α-CGRP) using a micropipette (inner diameter 3 to 4 µm). The duration of the pressure-pulse ejection 
of ACh and α-CGRP was set to induce a local vasodilation of ~50% (ACh: 400 ms, α-CGRP: 500 ms) 
and also 30% in one group of arterioles stimulated with ACh (200 ms). In the case of SNAP, the 
stimulation period was adjusted to evoke a response of a similar magnitude to the NO-mediated 
vasodilator component activated by ACh (pressure-pulse duration 300 ms) and, in one group of 
experiments, the length of the pulse of SNAP was extended to 700 ms to evaluate the conduction of 
a larger vasodilation, as that attained in response to ACh.    

Experimental Protocols 

Changes in diameter were measured first at the stimulation site (local), and then, at locations 
500, 1000 and 2000 µm upstream in four separate stimuli. Maximal diameter was estimated during 
superfusion of 1 mM adenosine after finishing the experimental protocol and variations in diameter 
were expressed as percentage of the maximal dilation possible (% Maximum), using the following 
equation: (Dst - Dcont)/(Dmax - Dcont) x 100, where Dst is the diameter after the stimulation, Dcont is the 
diameter before stimulation (control diameter), and Dmax is the maximal diameter. 

Focal Application of Tetraethylammonium (TEA) 

The tip (inner diameter ~10 µm) of a micropipette filled with MOPS-buffered saline solution 
containing 100 mM TEA was positioned above the stimulation site of the arteriole (local) and the 
blocker was ejected by pressure during 10-15 min previous to the stimulation with ACh. 

Blockade of NO Production 

Two NOS blockers were used, NG-nitro-L-arginine methyl ester (L-NAME) and NG-nitro-L-
arginine (L-NA), which were applied through the superfusion solution. The responses were assessed 
under control conditions and after topical application for 45 min of 100 µM L-NAME, 100 µM L-NA 
or the combination of both blockers (100 µM each). 

Chemicals 

All chemicals of analytical grade were obtained from Merck (Darmstadt, Germany). In addition, 
adenosine, ACh, L-NAME, L-NA, TEA and MOPS were purchased from Sigma Chemical Co., (St. 
Louis, MO, USA). SNAP was obtained from Calbiochem (La Jolla, CA, USA) and α-CGRP from 
Bachem (Torrance, CA, USA). SNAP was dissolved in DMSO, and then, diluted in the buffer solution 
to the final working concentration.  Control experiments confirmed that application of the vehicle of 
SNAP (DMSO) did not have effect per se (data not shown). 
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Statistical Analysis 

Results are presented as mean ± s.e.m.. Comparisons between groups were made using paired 
Student’s t-test or one-way ANOVA plus Newman-Keuls post-hoc test, as appropriate. p<0.05 was 
considered significant.  

Results 

Cremasteric arterioles of second and third branching order were analyzed. The maximum 
diameter of these arterioles ranged from 25.2 to 56.6 µm and the mean resting diameter was 20.5 ± 1.2 
µm (n = 28), reflecting the prominent degree of vasomotor tone developed by these arterioles (49.1 ± 
2.5%), which remains stable along the time in resting conditions. The level of vasomotor tone in vivo 
is tonically controlled by the endothelium through NO production (25–27), but the magnitude of the 
NO-dependent vasodilator component in resting conditions is controversial. 

Contribution of Tonic NO Production to Vasomotor Tone 

To evaluate the importance of the endothelium-mediated NO signaling in the tonic control of 
vasomotor tone, we measured the changes in basal diameter observed after the treatment for 45 min 
with the NOS blockers NG-nitro-L-arginine methyl ester (L-NAME), NG-nitro-L-arginine (L-NA) or 
the combination of both. Application of either 100 µM L-NAME or 100 µM L-NA elicited a small, but 
consistent, reduction in diameter (Figure 1A). Interestingly, in contrast to the modest effect of L-
NAME or L-NA alone, combined application of both blockers resulted in a dramatic decrease in the 
diameter of the arterioles (Figure 1A) that was almost three times more prominent than that observed 
with each blocker separately (Figure 1B), indicating the presence of a synergistic effect between these 
two inhibitors and highlighting the relevance of NO production in the control of vascular function. 

 
Figure 1. Reduction in diameter of cremasteric arterioles observed in response to the blockade of NO 
production. Cremaster muscle microcirculation was treated for 45 min with 100 µM L-NAME, 100 
µM L-NA or the combination of both blockers (100 µM each) of the enzyme NOS and the changes in 
diameter were evaluated 45 min thereafter (A). In addition, the percentage of reduction in vessel 
diameter attained in the presence of the blockers is also shown (B). Note that the combined application 
of L-NAME and L-NA evoked an effect almost three-fold larger than that observed with each blocker 
alone. *, P<0.05 and ***, P<0.001 vs Control by paired Student’s t test. †, P<0.05 vs L-NAME or L-NA 
by one-way ANOVA plus Newman-Keuls post hoc test. 

Contribution of NO Production to ACh-Activated Conducted Vasodilation 

Stimulation of a short arteriolar segment with a pulse of ACh induced a rapid and transient 
vasodilator response that reached a peak after ~5 s and gradually returned to control diameter within 
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10 to 20 s (Figure 2). The response to ACh was not restricted to the stimulation site (i.e., local site), 
but it was propagated along the entire arteriole showing only a slight decay in magnitude (Figure 2), 
mainly during the first 500 µm and beyond the 1000 µm conducted site (Figures 2 and 3), and the 
mechanical length constant (8) of the response (11.1 ± 2.5 mm) was much higher than the electrical 
length constant (0.9 –1.6 mm) determined by current injection in arterioles in vitro or in vivo (28–30). 
The slow decay of the ACh-activated vasodilator response along the length of the arteriole is not 
consistent with a simple electrotonic conduction of a hyperpolarizing signal (5) and rather suggests 
that a regenerative mechanism is involved in the process, as further supported by the blockade of 
NO production. Interestingly, blockade of NO production with the combined application of L-NAME 
and L-NA not only reduced the magnitude of the ACh-induced vasodilation at the local site, as 
expected, but also inhibited the response achieved at the conducted sites (Figure 2). In addition, in 
contrast to the decay with distance observed in control conditions, the conduction of the vasodilator 
response initiated by ACh was enhanced in the presence of L-NAME and L-NA (Figure 2 and 3), and 
consequently, the vasodilation recorded at 2000 µm was higher than that measured at the stimulation 
site (Figure 3B), suggesting that NO works as a negative feedback signaling of the regenerative 
vasodilator mechanism activated by ACh. Nevertheless, the effect of the inhibition of NO production 
on the response may be related to the decrease in the magnitude of the ACh-induced vasodilation. 
Then, to evaluate this possibility, we reduced the pressure-pulse ejection of ACh to elicit a response 
of similar magnitude to that observed after blocking NO production. In these conditions, the 
propagation of the vasodilation decayed along the length of the arterioles showing exactly the same 
characteristics of that observed with the higher ACh stimulation in control conditions (Figure 3A) 
and the magnitude of the decay in the vasodilation from the ACh application site to the 2000 µm 
conducted site was similar (Figure 3B), which confirms the participation of NO in the coordination 
of the changes in vessel diameter. 

 

Figure 2. Time course of the local and conducted vasodilation induced by ACh in control conditions 
and after blocking NO production.  ACh was ejected by a pressure pulse via a micropipette to 
stimulate a short segment of the cremasteric arterioles and the vasodilator response was analyzed at 
the stimulation site (local) and at locations at 500, 1000, 2000 µm upstream.  The vasodilator 
responses initiated by ACh was evaluated before and after blocking NO production through the 
application of the combination of L-NAME and L-NA. Note that the changes in diameter do not decay 
along the vessel length in the presence of L-NAME plus L-NA. Arrows indicate the time at which the 
stimulus was applied.  *, P<0.05 vs Control by one-way ANOVA plus Newman-Keuls post hoc test. 
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Figure 3. Analysis of the effect of NO production blockade on the conducted vasodilation activated 
by ACh. A short segment of the arteriole was stimulated with a pulse (400 ms) of 10 µM ACh ejected 
by pressure from a micropipette. A, The maximal vasodilator response induced by ACh was 
evaluated at the stimulation pipette site (local) and at locations 500, 1,000, and 2,000 µm upstream 
before (Control) and after the blockade of NO production with the combination of 100 µM L-NAME 
and 100 µM L-NA. Analysis of the conduction of the response induced by a shorter pressure pulse of 
ACh (ACh-200 ms) is also shown. B, Change in the magnitude of the vasodilation evoked by ACh in 
the stimulation site (Local) as compared with that observed 2000 µm upstream. Note that in the 
presence of L-NAME and L-NA the vasodilation increased, instead of decay, along the vessel length.  
*, P<0.05 vs L-NAME+L-NA by one-way ANOVA plus Newman-Keuls post hoc test. †, P<0.05 vs 
Local by paired Student’s t test. 

The reduction in the magnitude of the ACh-induced vasodilation observed at the conducted 
sites after the treatment with NOS blockers revealed that NO contributes to the propagation of the 
response by the spread of the signaling triggered at the local sites or by the activation of eNOS along 
the vessel length (Figures 2 and 3A). To discern between these two possibilities, we stimulated a short 
vessel segment through the application via micropipette of a pressure-ejection pulse (300 ms) of 
SNAP, a NO donor, to induce a vasodilator response comparable to the NO-dependent vasodilator 
component activated by ACh (i.e., difference between Control and L-NAME+L-NA observed in 
Figure 2). As anticipated, SNAP elicited a rapid vasodilation at the stimulation site, which showed a 
time course similar to that achieved in response to ACh (Figure 4). However, the vasodilator response 
induced by SNAP declined very fast with distance, showing a mechanical length constant of 0.2 ± 
0.04 mm (Figure 4A and 4B). As the magnitude of the dilation may have not reached the threshold 
for triggering a regenerative-like propagation of the response, we extended the pressure-pulse 
ejection of SNAP from 300 to 700 ms to elicit a larger vasodilation. Although the increase in the 
intensity of the stimulation resulted in a vasodilation like that induced by ACh at the application site 
(Figure 4A), the response decayed along the vessel length just as observed with the lower SNAP 
stimulation (Figure 4B), and the mechanical length constants observed in these arterioles was 0.36 ± 
0.06 mm. In contrast, the longitudinal propagation of the NO-dependent vasodilator component of 
the ACh-induced vasodilation was much stronger than the SNAP-initiated conducted response, 
specially from the 500 µm to the 1000 µm conducted sites (Figure 4C). Consistent with this, the 
mechanical length constant (2.4 ± 0.3 mm) was significantly higher than that attained with the SNAP 
stimulation pulse of 300 ms or 700 ms (P<0.0001 by one-way ANOVA plus Newman-Keuls post hoc 
test), which suggests that the ACh-elicited NO-dependent conducted vasodilation represents the 
activation of eNOS along the vessel length. 
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Figure 4. Analysis of the conducted vasodilation activated by direct stimulation with a pulse of NO. 
A, Time course of the local and conducted vasodilation induced by 700 ms or 300 ms pressure pulse 
of 10 µM SNAP, a NO donor. B, Maximal vasodilator response induced by SNAP observed at the 
stimulation site (Local in panel A) and at locations 500, 1,000, and 2,000 µm upstream. C, Analysis of 
the conduction of the NO-dependent vasodilator component of the response activated by ACh in 
control conditions shown in Figure 2. Note that, in contrast to the stimulation with SNAP, the ACh-
activated NO-dependent vasodilator component exhibits only a moderate decay along the length of 
the arterioles and the response can be observed up to the conducted site located at 2000 µm from the 
stimulation site.  *, P<0.05 vs SNAP-700ms by one-way ANOVA plus Newman-Keuls post hoc test. 

EDH-Independent Regenerative Conducted Vasodilation 

The apparent contribution of a locally activated NO-mediated vasodilator component to the 
conducted response initiated by ACh suggests that the regenerative-like conduction of the 
vasodilator response does not depend on the simple spread of the EDH signaling activated at the 
local site. To test this hypothesis, we evaluated the conduction of CGRP-induced vasodilation. CGRP 
is the main neurotransmitter of perivascular sensory nerve endings and is a potent vasodilator. 
Interestingly, although the vasodilation evoked by CGRP is associated with the hyperpolarization of 
the vessel wall (31,32), the response activated at the stimulation site declined rapidly along the vessel 
length (Figure 5). In addition, the contribution of EDH signaling to the conducted vasodilation was 
further tested by application via micropipette of 100 mM TEA to inhibit the activation of KCa channels 
exclusively at the stimulation site (Figure 6). TEA did not change the resting diameter of the vessel 
segment treated with this inhibitor (14.3±0.3 vs. 16.6±3.8), suggesting that KCa channels are not 
relevant for the tonic control of vasomotor tone. However, the ACh-induced vasodilation was 
strongly reduced in the TEA application site and, despite the clear effect on the direct response to 
ACh, this treatment did not affect the conducted vasodilation recorded 1000 µm from the local site 
(Figure 6), which is consistent with the propagation of a vasodilator signal, independent of KCa 
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channels opening, that is coupled to the activation of the EDH signaling and NO production along 
the vessel length. 

 

Figure 5. Time course of local and conducted vasodilation induced by the alpha isoform of calcitonin 
gene-related peptide (α-CGRP).  A short segment of the cremasteric arterioles was stimulated with 
a pressure pulse-ejection via micropipette of 1 µM α-CGRP and the resultant vasodilator responses 
were observed at the stimulation pipette site (local) and at locations 500, 1000 and 2000 µm upstream. 
Arrows indicate the time at which the stimulus was applied. 

 
Figure 6. The conducted vasodilator response activated by ACh does not depend on the direct 
membrane hyperpolarization of endothelial cells generated at the stimulation site. The time course of 
the ACh-evoked vasodilation attained at the stimulation site (Local) and 1000 µm up stream were 
recorded in control conditions and during local application of 100 mM tetraethylammonium (TEA) 

via micropipette to prevent the Ca2+-activated K+ channel-mediated endothelial cell 
hyperpolarization. Note that the blockade of the EDH signaling-dependent vasodilation at the local 
site did not affect the conducted response observed 1000 µm up stream. *, P<0.05 vs Control by one-
way ANOVA plus Newman-Keuls post hoc test. 

Discussion 

Control of blood flow distribution depends on the coordination of the changes in vasomotor 
tone along the length of the arterioles and among the resistance vessels in the microcirculation 
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(1,4,33). NO production plays a critical role in the tonic regulation of vasomotor tone and conduction 
of vasomotor responses provides the bases for timing coupling of vascular function between different 
arteriolar segments and among arterioles with feed arteries (1,4,6). It is thought that conducted 
vasomotor responses rely on electrotonic spread of the changes in membrane potential observed at 
the stimulation site through gap junctions connecting cells of the vessel wall (4,7,10). However, 
conduction of endothelium-dependent vasodilation does not seem to be consistent with the 
electrotonic mechanism, since these responses have been observed to propagate along the entire 
vessel without apparent decay (5,24) and NO has been reported to inhibit the longitudinal conduction 
of vasodilator signals (23), suggesting that a NO-sensitive regenerative mechanism is involved in the 
propagation of the response. Consistent with this hypothesis, our results indicate that the 
vasodilation activated by ACh is propagated for, at least, 2000 µm showing a much smaller decay in 
magnitude than that anticipated by an electrotonic conduction. Interestingly, inhibition of NO 
production with simultaneous application of L-NAME and L-NA converted the slightly decaying 
conducted response activated by ACh into a vasodilation that progressively increased along the 
vessel length, unveiling the presence of a NO-sensitive regenerative vasodilator mechanism. 

NO production plays a critical role in the response to endothelium-dependent vasodilators, but 
also in the control of vasomotor tone in resting conditions (13,26,27). In this line, although the 
treatment with L-NAME or L-NA alone evoked a modest reduction in resting diameter, simultaneous 
application of both inhibitors resulted in a synergistic increase in vasomotor tone (i.e., 
vasoconstriction), highlighting the importance of NO in the regulation of microvascular function (Fig. 
1). As eNOS function depends on the subcellular location of the enzyme (34–36), the synergistic effect 
observed with L-NAME and L-NA may be related to the uptake mechanisms and further intracellular 
distribution of the inhibitors. In endothelial cells, NO production is coordinated by dynamic sub-
cellular targeting of eNOS between two functional pools of the enzyme: one associated with the trans-
Golgi network and other located at caveolae, which are invaginated plasmalemmal rafts that function 
as signaling microdomains (35,37). Interestingly, function of the trans-Golgi-associated eNOS pool 
depends on intracellular L-arginine, whereas substrate supply of the caveolae-located pool of the 
enzyme is directly provided by L-arginine influx (38–40). In this context, L-NAME can get into the 
cell through plasma membrane, which may provide a preferential access to the trans-Golgi-associated 
eNOS pool. In contrast, L-NA uptake relies on the same amino acid transporter systems involved in 
L-arginine uptake, which in addition to reduce the substrate supply to the caveolae-located eNOS 
pool, may also favor the direct access of the inhibitor to the environment of the enzyme in this 
microdomain (41–43).  Therefore, we hypothesize that simultaneous inhibition of these two 
complementary eNOS pools potentiates the inhibition of NO production, but the mechanisms 
involved in this process required further investigation. 

The most relevant endothelium-derived vasodilator signals in resistance arteries are NO and 
EDH (4,19,44). Although the importance of NO production is widely recognized, the involvement of 
this signaling molecule in the generation of conducted vasodilation is controversial (21,45–47). 
Conduction of the changes in diameter initiated by endothelium-dependent vasodilators, such ACh, 
is thought to rely on the electrotonic spread of the hyperpolarization of the vessel wall observed in 
response to EDH signaling at the stimulation site (6,7,10). However, the vasodilation evoked by ACh 
in control conditions was propagated over distances much longer than those predicted by the 
electrotonic model and, in addition, the magnitude of the response increased along the vessel length 
after blocking NO production (Fig. 2 and 3). It must be noted that the increase in the conducted 
vasodilation was not related to the reduction of the local response attained in the presence of L-
NAME and L-NA, since the longitudinal decay of an ACh-elicited vasodilation of a similar 
magnitude showed exactly the same characteristics to those exhibited by the control response 
observed before the application of the NOS blockers (Fig. 3). Therefore, these results suggest that, in 
addition to the EDH signaling-initiated conducted vasodilation, ACh also activates a NO-sensitive 
regenerative vasodilator mechanism.  

Although NO has been frequently thought to contribute only to the local response activated by 
endothelium-dependent vasodilators (21,46,48), Budel et al. (47) found that the generation of a NO 
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wave along the endothelium was unmasked by a focal smooth muscle damage in the middle of the 
conduction pathway of the vasodilation initiated by ACh. In this line, our results show that blockade 
of NO production not only inhibited the vasodilation activated by ACh at the stimulation site, as 
expected, but also reduced the conducted response (Fig. 2 and 3). In this context, it is important to 
note that the vasodilation induced directly by NO (i.e., SNAP) decayed very rapidly with distance, 
in contrast to the NO-mediated vasodilator component that was propagated in response to ACh (Fig. 
4). Therefore, the reduction in the magnitude of the vasodilation observed at the conducted sites in 
the presence of L-NAME and L-NA suggests that the regenerative vasodilator signal initiated by ACh 
is coupled to NO production along the vessel length.  

Interestingly, eNOS is a Ca2+ dependent enzyme, and then, the increment in NO production at a 
remote vessel segment from the stimulation site implies that the propagation of the ACh-induced 
vasodilator signal is associated with a mechanism that mediates an increase in [Ca2+]i, which, in 
addition to eNOS activation, may also trigger the myoendothelial signaling through the EDH 
pathway (4). It should be noted that endothelial cell hyperpolarization does not promote an increase 
in [Ca2+]i in intact vessels, unlike what has been reported in the case of cell cultures  (49–52). 
Therefore, the increase in [Ca2+]i attained at the conducted sites must be activated by a mechanism 
different than the simple membrane hyperpolarization. Consistent with this hypothesis, inhibition of 
EDH signaling activation at the ACh application site by micropipette-mediated focal superfusion of 
TEA did not affect the conducted vasodilation generated 1000 µm upstream from the stimulation site 
(Fig.6). In this context, it must be noted that the expression of voltage-dependent Na+ and Ca2+ 
channels has been detected in resistance arteries and sequential activation of these channels may 
support the regenerative propagation of a vasodilator signal, as previously demonstrated in the case 
of the conducted vasodilation activated by focal electrical field stimulation (24,53). However, the 
activation of this mechanism in response to ACh remains to be determined. 

In summary, the results of the present study are consistent with the hypothesis denoting that 
ACh, in addition to the local response, triggers the regenerative propagation of a vasodilator signal 
coupled to a mechanism that leads to NO production and activation of the EDH signaling along the 
length of the arterioles. Interestingly, the ACh-elicited regenerative vasodilator mechanism is 
sensitive to NO, which appears to function as a negative feedback signaling of the conducted 
response and, consequently, the magnitude of the vasodilator responses increases after blocking 
eNOS activity. Coordination of the changes in diameter among different segments of resistance 
arteries plays a central role in the control of blood flow distribution and arterial blood pressure, and 
then, these findings may contribute to the understanding of the mechanism involved in the vascular 
dysfunction typically associated with the progress of cardiovascular-related diseases, such as 
hypertension and diabetes. 
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