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Summary 

  Endothelium-dependent hyperpolarization (EDH) has been reported in many vessels and an 
extensive literature suggests that a novel, non-nitric oxide and non-prostanoid, endothelium-derived 
factor(s) may be synthesized in endothelial cells. The endothelium-dependent hyperpolarizing factor, 
or EDHF, is synthesized by the putative EDHF synthase and mediates its cellular effects by, directly or 
indirectly, opening K-channels on vascular smooth muscle cells. The question of the chemical identity 
of EDHF has received considerable attention, however, no consensus has been reached. Considerable 
tissue and species differences exist that may imply that there are multiple EDHFs. Leading candidate 
molecules for EDHF include an arachidonic acid product, possibly an epoxygenase product, or an 
endogenous cannabinoid, or simply an increase in extracellular K

+
. An increasing body of evidence 

suggests that endothelial-dependent hyperpolarization, notably in the resistance vasculature, may be 
mediated via electrical coupling through myoendothelial gap junctions negates the need to hypothesize 
the existence of a true endothelium-derived chemical mediator. In this presentation we review the 
evidence that supports and refutes the existence of a novel EDHF versus a hyperpolarization event 
mediated solely by myoendothelial gap junctions. 
 
Introduction 

  The endothelial-cell derived relaxing factor (EDRF), which was originally described by 
Furchgott and Zawadzki (1980), has been identified as nitric oxide (NO) and is now known to play an 
important role as a key paracrine regulator of vascular tone. However, in many vessels, and notably in 
the resistance vasculature, the pharmacological inhibition, or genetic “knockout,” of the synthesis of 
NO, (or inhibition, of the other identified endothelial-cell derived vasodilator factor, prostacyclin, 
PGI2) does not greatly affect the endothelium-dependent relaxation response to either chemical (i.e. 
acetylcholine, ACh; bradykinin, BK) or mechanical (shear stress) stimulation. There is considerable 
species and tissue variation in the contribution of an NO- and PGI2-independent vasodilatation and this 
could indicate heterogeneity in the nature of the putative mediator and/or, as will be discussed later, 
heterogeneity in the nature and contribution of gap junction proteins. Since the cellular action of this 
putative non-NO/PGI2 mediator has been associated with endothelium-dependent hyperpolarization 
(EDH) of the vascular smooth muscle cell (VSMC) the factor has been named the endothelium-derived 
hyperpolarizing factor or EDHF (see Triggle et al., 1999; Ding et al., 2000a) – see Figure 1A. 
  A change in membrane potential of just a few millivolts (mV) can result in a substantial change 
in vessel diameter (Brayden & Nelson, 1992; Nelson & Quayle, 1995) and thus it can be predicted that 
the release of an EDHF, a putative opener of K

+
 channels, will make an important contribution to the 

regulation of vascular tone. Furthermore, hyperpolarization of the smooth muscle will, in comparison 
to cellular events mediated by second messengers, produce a rapid effect on blood flow. In addition, 
since the contribution of EDHF to endothelium-dependent vasodilatation is most apparent in resistance 
vessels, it might be anticipated that any intervention that leads to a diminution in the synthesis and/or  
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Figure 1. Endothelium-dependent vasodilators, such as acetylcholine, as well as shear stress (stretch) 
activate endothelial cell (EC) plasma membrane receptors (R) and open a non-selective cation 
channel(s) leading to the entry of extracellular calcium (Ca

2+
), as well as the release of intracellular 

Ca
2+

. The increase in intracellular Ca
2+

 leads to the activation of endothelial nitric oxide synthase 
(NOS), cyclooxygenase (COX), the putative endothelium-dependent hyperpolarization factor(s) EDHF 
synthase and the synthesis of nitric oxide (NO), prostacyclin (PGI2) and EDHF respectively. NO and 
PGI2 ,mediate relaxation of vascular smooth muscle cells (VSMC) via cyclic GMP and AMP-
dependent mechanisms respectively and EDHF via, directly or indirectly, opening of a VSMC K-
channel(s).  
Arachidonic acid (AA) can be metabolized via an epoxygenase (cytochrome P450 isozyme, CYP2) to 
produce epoxyeicosatrienoic acids (EETs) that, directly or indirectly, have been shown to increase the 
probability of opening of big conductance calcium-activated K-channels (BKCa). EETs may function 
as autocrine and/or paracrine mediators; in VSMC they hyperpolarize the cell and decrease the 
probability of opening of voltage-operated Ca

2+
 channels (VOCC). 20- and 19-

hydroxyeicosatetraenoic acid (20-, 19-HETE), which are produced in VSMC and, possibly EC, 
contract VSMC putatively via an increase in the probability of opening of VOCC and/or closure of 
BKCa. The endogenous cannabinoid, anandamide, is also synthesized from AA via a transacylase. 
Anandamide activates cannabinoid receptors (CB1) in both EC and VSMC and has been reported to 
hyperpolarize VSMC. 
C/ An increase in intracellular Ca

2+
 in EC activates and increases the opening probability of opening 

of apamin-sensitive small conductance KCa (SKCa) and charybdotoxin-sensitive intermediate 
conductance (IKCa) channels in EC leading to the efflux of K

+
 from the EC and an increase in 

extracellular K
+

. A small increase in extracellular K
+

 leads to the hyperpolarization of VSMC via the 
activation of ouabain-sensitive Na/K- ATPase and an increase in the open probability of barium-
sensitive Kir channels and a lowering of the resting membrane potential (RMP) of VSMC. 
D/ Myoendothelial gap junctions, depicted as six connexin subunits from each cell docking to form 
either a homomeric and heteromeric connexon, provide the means by which low molecular weight 
water soluble molecules, including cGMP, can pass between EC and VSMC and contribute to 
endothelium-dependent hyperpolarization. 

release, of EDHF, could critically affect the regulation of organ blood flow thus contributing to 
pathophysiological states such as hypertension. There is also evidence that EDHF-mediated 
vasodilatation is negatively regulated by NO and this may reflect an inhibitory effect of NO on the 
hypothetical “EDHF synthase”. 
There have been a number of recent reviews on EDHF (Hecker et al., 1994; Mombouli & Vanhoutte, 
1997; Quilley et al., 1997; Edwards & Weston, 1998; Félétou & Vanhoutte, 1999;  Triggle et al., 
1999; Waldron et al., 1999; Ding et al., 2000a). Nonetheless, the nature and, indeed, the existence of 
EDHF remains controversial. In this presentation we will discuss the evidence for and against EDH 
being mediated by:  
A/ Residual NO;  
B/ An arachidonic acid product; 
C/ A small increase in extracellular potassium;  
D/ Myoendothelial cell gap junctions. 
 
A/ NO can mediate EDH: 

  Cohen et al. (1997) raised the possibility that since NO itself can, in some vessels, directly or 
indirectly mediate hyperpolarization, EDHF may be NO. A number of other investigators have reached 
the same conclusion (Kemp & Cocks, 1999; Simonsen et al., 1999; Ge et al., 2000). Cohen et al. 
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(1997) demonstrated that it was not possible to completely inhibit the synthesis of NO with just a 
single nitric oxide synthase (NOS) inhibitor thus challenging the interpretation of data from studies 
wherein it has been concluded that the NOS (and COX) inhibitor-insensitive component of an 
endothelium-dependent relaxation reflected a novel, NO and PGI2-independent, mechanism. Some 
blood vessels, such as the rabbit carotid, human coronary resistance arteries and rat superior 
mesenteric artery, may be able to generate NO, possibly from a non-L-arginine source (see Kemp & 
Cocks, 1999), and this NOS inhibitor–insensitive production of NO  (“residual NO”) mediates the 
EDH (Vanheel & Van de Voorde, 2000).  
  NO may also directly or indirectly activate K-channels in vascular smooth muscle cells (VSMC). 
Thus, Bolotina et al. ( 1994) and Mistry and Garland (1998) have reported that NO directly, via a 
soluble guanylyl cyclase (sGC)-independent mechanism, stimulates charybdotoxin (ChTX)-sensitive 
K

+
 channels in the rabbit aorta and rat mesenteric arterioles respectively. NO activates KATP channels 

channels in rat mesenteric arteries (Garland & McPherson, 1992) and guinea-pig coronary arteries 
(Parkington et al., 1995), an apamin-sensitive K

+
 channel (Murphy & Brayden, 1995) and BKCa in 

rabbit middle cerebral arteries (Dong et al., 1997). In the human umbilical artery NO mediates 
vascular relaxation via K-channel and sGC-independent mechanism(s) (Lovren & Triggle, 2000). It is, 
however, important to note that a number of studies have shown that the hyperpolarization mediated 
by NO requires a higher concentration than that required to mediate relaxation (40-fold higher in 
guinea-pig coronary arteries (Parkington et al., 1995)). 
  To determine whether NO contributes to edh a number of studies have used NO-scavenging 
compounds such as carboxy-PTIO, hydroxocobalamin, oxyhaemoglobin, or free radical generating 
compounds such as xanthine-xanthine oxidase, or studied genetic “knockouts” of the endothelial cell 
(EC) nitric oxide synthase (Huang et al., 1995; Waldron et al., 1999a; Ding et al., 2000a). 
 
B. An arachidonic acid product as an EDHF: 

  A number of enzymes can metabolize arachidonic acid into products that affect the vasculature 
and a number of recent reviews have stressed the importance of metabolites of arachidonic acid 
generated by cytochrome P450 (CYP) enzyme activity as being key signaling modulators of vascular 
tone (McGiff et al., 1996; Campbell & Harder, 1999; Alonso-Galicia et al., 1999). Considerable 
evidence has accumulated in support of the hypothesis that an epoxygenase (CYP) product of 
arachidonic acid, notably 5,6-epoxyeicosatrienoic (5,6 EET), is an EDHF in at least some vascular 
beds. Another arachidonic acid product is the endogenous cannabinoid, or “endocannabinoid”, 
anandamide (N-arachidonylethanolamine), which is formed via the action of a transacylase enzyme. 
Randall et al. (1996) reported that in the isolated perfused mesenteric arteriole bed anandamide was a 
potent vasorelaxant. Furthermore, the NO-independent action of the endothelium-dependent 
vasodilator, bradykinin, was inhibited by a putatively selective cannabinoid receptor (CB1) antagonist, 
SR141716A as well as when vascular tone was elevated with high extracellular K

+
, suggesting that 

anandamide is an EDHF). However, this hypothesis has not received a great deal of support. 
Anandamide does not seem to have the same physiological and pharmacological properties as does 
EDHF (Plane et al., 1997; White & Hiley, 1997; Zygmunt et al., 1997; Chataigneau et al., 1998; White 
& Hiley, 1998). Of interest is that Mombouli et al. (1999) reported that anandamide mobilizes 
endothelial cell Ca

2+
 from a caffeine-sensitive store via a CB1 receptor-insensitive mechanism. Thus, 

anandamide may serve in an autocrine function as a regulator of endothelial cell calcium and may 
influence the production of EDHF but may not necessarily itself be an EDHF. 
  Stronger evidence in support of a role for an arachidonic acid product in EDH has been provided 
by a study with porcine coronary arteries where a transferable “EDHF” could be detected by bioassay 
and its ability to hyperpolarize detector rat aortic smooth muscle cells (Popp et al., 1996). Popp et al

. 

(1996) also demonstrated that the effects of this putative factor were inhibited by CYP inhibitors, 
clotrimazole and 17-ODYA and that the CYP product 5,6-epoxyeicosatrienoic (5,6 EET), acid induced 
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a hyperpolarization of smooth muscle cells; and the induction of CYP activity by beta-naphthoflavone 
significantly enhanced the EDH response. Other products of CYP (CYP4 isozyme) -mediated 
arachidonic acid metabolism, at least in smooth muscle, are 20- and 19-hydroxyeicosatetraenoic acids 
(20-OH-AA), and ω-2, ω-3, and ω–4-hydroxyeicosatetraenoic acids (ω-terminal hydroxylase 
reactions) (Capdevila et al., 2000). 20-OH-AA, and related compounds, cause vasoconstriction of 
cerebral and renal vessels (Harder et al., 1994; Imig et al., 1996) and inhibit big conductance calcium-
activated K

+ 
channels, BKCa, enhancing Ca

2+
 entry by depolarization of VSM (Zou et al., 1996). EETs 

can therefore be considered to be physiological antagonists of HETES. (Figure 1B)  However, 20-
HETE can also relax VSMC, possibly via metabolism by cyclooxygenase to PGI2 (Pratt et al., 1998).  
  Fisslthaler et al. (Fisslthaler et al., 1999) demonstrated that the transfection of porcine coronary 
arteries with antisense oligonucleotides against CYP 2C8/34 attenuated EDHF-mediated coronary 
vasodilatation and this data is very suggestive that a CYP product is an EDHF. Similar data has been 
provided from studies with the gracilis muscle resistance vessels from the hamster (Bolz et al., 2000). 
Overall, the evidence in favour of an EET being EDHF is strongest in coronary and renal tissues (see

 

Komori & Vanhoutte, 1990; McGiff et al., 1996; Harder et al., 1995a,b). Furthermore, if an EET does 
serve as an EDHF and hyperpolarizes smooth muscle via opening BKCa

2+
 channels, it would provide 

an endothelial cell-derived antagonist for the action of the vascular smooth muscle derived arachidonic 
acid product, 20-HETE, which has been hypothesized to be an inhibitor of BKCa

2+
 channels (Zou et 

al., 1996). Nonetheless, the hypothesis that a CYP product functions as an EDHF has been challenged 
for several reasons. First of all, many of the CYP inhibitors used have considerable non-specific 
actions, notably on K-channels. Edwards et al. (1996) have reported that miconazole and other 
imidazoles are non-specific inhibitors of CYP and also block K-channels whereas the suicide substrate 
of CYP, 17-ODYA, in so far as it only inhibited hyperpolarization of VSMC, appeared to show 
specificity towards CYP. Somewhat similar data has also been provided by Vanheel et. al. (1999) and 
such data clearly indicates the need to verify the specificity of the pharmacological probes used in such 
studies. Furthermore, although the data presented by Fisslthaler et al.

 
(!999) can be interpreted as 

supportive of a role for a CYP product being an EDHF the data could also be interpreted as reflecting 
an autocrine function of an endothelium-derived CYP product that enhances the synthesis/release of a 
non-arachidonic acid EHDF that mediates the hyperpolarization/vasodilatation of VSMC. Such a 
hypothesis has been advanced for EETs (Graier et al., 1995; Hoebel et al., 1997) and also anandamide 
(Mombouli et al., 1999). An additional problem in accepting that an EET may an EDHF is that 
although EETs can hyperpolarize VSMC they seem to do so via the activation of iberiotoxin-sensitive 
BKCa

2+
 channels (Hu & Kim, 1993) whereas the hyperpolarization mediated by ACh is usually only 

significantly inhibited by a combination of charybdotoxin and apamin (Edwards et al.,1998). 
 
C/ Potassium as an EDHF: 

  Edwards et al. (1998) measured potassium, Ko, in the extracellular space between endothelial 
and vascular smooth muscle cells in rat hepatic artery with a K

+
- sensitive microelectrode and reported 

an ACh-mediated increase in Ko from 4.6 to 11.6mM. Additional evidence in support of the hypothesis 
that an increase in extracellular potassium can mimic the effect of EDHF was also presented by 
Edwards et al. (1998) and was based on the measurement of the membrane potential of both 
endothelial and vascular smooth muscle cells with glass microelectrodes. ACh was shown to 
hyperpolarize both vascular and endothelial cells and hyperpolarization of the endothelial cell was 
inhibited by a combination of apamin and ChTX and vascular hyperpolarization by a combination of 
ouabain and barium (30 µM). These data lead to the conclusion that apamin-sensitive small 
conductance calcium-activated K

+
 channels (SKCa) and charybdotoxin-sensitive intermediate 

conductance calcium-activated K
+
 channels (IKCa) on endothelial cells regulate the release of EDHF 

and the ouabain-sensitive electrogenic Na
+
,K

+
-ATPase and inward rectifying K

+
 channel (Kir) on the 

vascular smooth muscle mediate the vascular actions of EDHF (Edwards et al., 1998). See Figure 1C. 
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The conclusion was that EDHF is endothelium-derived K
+
 that exits endothelial cells as a result of 

ACh-mediated opening of apamin/ChTX-sensitive K
+
 channels. The increase in extracellular K

+
 

activates Na
+
, K

+
-ATPase and opens K ir on VSMCs. An increase in K

+
o by 5 mM mimicked the 

effects of ACh, and comparable data was reported for the rat mesenteric artery preparation. An 
increase in K

+
o was already known to cause vascular smooth muscle relaxation and a role as (an) 

EDHF is an attractive hypothesis that would place K
+
, together with NO, as a cell-signalling mediator 

that likely evolved as an early regulator of vascular function (Vanhoutte, 1998). Because of the 
similarity of K

+
-induced vasodilation to that mediated by EDHF in other vessels it was concluded that 

K
+
 might be the “universal EDHF”.  

  There is a substantive literature that supports hypothesis that small changes in K
+

o result in 
vasodilatation. Thus, the activation of VSMC Na

+
, K

+
-ATPase as the cellular basis for mediating the 

relaxant effects of ACh in canine femoral arteries has also been reported (De Mey & Vanhoutte, 1980) 
and ouabain has also been shown to inhibit the hyperpolarization, but not the relaxation, initiated by 
ACh in canine coronary arteries (Félétou & Vanhoutte, 1998). Furthermore, it has been established 
that the activation of Na

+
, K

+
- ATPase will lead to hyperpolarization of smooth muscle Haddy, 1978; 

Fleming, 1980; Haddy, 1983;  Hermsmeyer, 1993) Somewhat higher increases in K
+

o than are needed 
to activate the Na

+
, K

+
-ATPase also lead to a reduction in inward rectification allowing the K ir 

channel to carry more outward current (McCarron & Halpern, 1990). An increase in K
+

o from 6 to 16 
mM has been reported to result in a sustained dilation of pressurized coronary and cerebral arteries 
from the rat and these dilations were sensitive to block by concentrations of barium (IC50, 3-8 µM) 
Knot et al. (1996) (< 50 µM) that selectively block K ir channels (Quayle et al., 1993). K ir has, for 
instance, been demonstrated to be much greater in the smaller branches of guinea pig vessels (Quayle 
et al., 1996) and cerebral vessels from gene-targeted mice lacking the K ir2.1 fail to dilate to raising 
K

+
o from 6 to15 mmol/L9Zaritsky et al., 2000). Overall these data are suggestive that K

+ 
can function 

as a regulator of vascular tone and are supportive of the hypothesis that K
+ 

may be an EDHF. 
  However, the origin of the increase in K

+
o is unknown. Given the comparatively small size of 

the endothelial cells it might well be argued that VSMC would more likely contribute to an increase in 
K

+
o than would EC. Periods of high neuronal activity can also result in an increase in K

+
o and 

increases of  > 10 mmol/L have been reported in the cerebral spinal fluid (Sykova, 1983). Ischemia in 
the coronary circulation increases K

+
o (Weiss et al., 1989), and raising K

+
o results in dilation in the 

renal circulation Scott et al., 1959). Thus a modest increase in K
+

o results in an increase in blood 
supply to areas of high metabolic activity. 
  Data from a number of laboratories have challenged the hypothesis that “K

+
” is the universal 

EDHF. Thus, Ding et al.
 
(2000a) reported that in saphenous arteries from both endothelial nitric oxide 

synthase expressing (eNOS +/+) and eNOS lacking (-/-) C57 mice relax to both ACh and K
+
 in 

phenylephrine pre-contracted vessels, however, ACh-mediated relaxations were insensitive to 30 µM 
barium and 10 µM ouabain but were inhibited by a combination of ChTX and apamin; K

+
-mediated 

relaxations were inhibited by a combination of barium and ouabain but were insensitive to a 
combination of apamin and ChTX. Data from the same laboratory had previously indicated an 
“upregulation”of EDHF in some vessels from mice lacking eNOS (-/-) (Waldron et al., 1999). The 
contribution of K

+
 to endothelium-dependent vasodilatation may be vessel dependent, which, in itself, 

is very interesting as it would suggest vessel heterogeneity with respect to the contribution of different 
EDHFs in different vascular beds. For instance, in first order mesenteric arterioles from C57 mice, 
barium alone partially blocked both ACh and K

+
 evoked relaxations, however, a combination of 

barium and ouabain totally blocked K
+
, but not ACh, evoked relaxations (Ding et al., 2000). In a study 

of guinea pig third order mesenteric artery and the middle cerebral artery Dong et al.
 
(2000) provide 

contrasting data. In neither vessel would the addition of low concentrations of K
+
 evoke relaxation and 

although ouabain greatly attenuated EDHF-mediated relaxation in the mesenteric arteries it enhanced 
relaxation in the cerebral vessels. These data suggest that, whereas an increase in extracellular K

+
 may 
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be a contributing factor to EDHF–mediated relaxation in some vascular beds, K
+
 is unlikely to be the 

primary mediator in all vessels.The ability of K
+
 to relax vessels may also depend on the level of 

contraction of the vessel (Dora & Garland, 2000), however, it has also been reported that, even under 
comparable levels of contraction, some vessels fail to relax to K

+ 
(Dong et al., 2000; Ding & Triggle, 

2000). Doughty et al. (1999) have also demonstrated in rat mesenteric small arteries that although both 
K

+
 and EDHF dilate the vessels their profile is quite different and that it is therefore unlikely that K

+
 is 

EDHF, at least in rat mesenteric small arteries. Nonetheless, Edwards et al. (1998), Ding et al. (2000) 
and Dong et al. (2000) found in the mesenteric vessels of rat, mouse, and guinea-pig evidence 
supportive of a role for K

+
 and/or Kir in, at least, contributing to the effects of EDHF and the study by 

Beny and Schaad (2000) provides support for the hypothesis that an increase in K
+

o may serve as an 
EDHF in some blood vessels.  
 
D/ Myoendothelial cell gap junctions:   

  There is also increasing evidence that endothelium-dependent hyperpolarization (EDH) may be 
mediated by myoendothelial cell gap junctions (Chayter et al., 1998). 
  Gap junctions, via intercellular hemi-channels, allow the passage of inorganic ions and of small 
water-soluble molecules (<1000 Da), including cAMP, cGMP, inositol trisphosphate, but not 
peptides/proteins, between cells. Connexins are the principal proteins that make up the gap junction 
with each connexin molecule possessing four transmembrane domains, six connexin subunits forming 
a connexon and the gap junction is established by the docking of the two connexons hemichannels 
supplied by the two interacting cells. Thirteen rodent connexins have been identified to date (see 
review by Kumar & Gilula, 1996). Connexin 43 has been described as the dominant gap junction 
protein present in both VSMC and EC (Christ et al., 1996; Christ & Brink, 1999). However, Van 
Kempen and Jongsma (1999) used immunohistochemical techniques to study the distribution of 
connexins 37, 40 and 43 in bovine, micropig and rat aorta and coronary veesels and concluded that 
connexin 40 is the constitutive connexin that was found between VSMC and EC with connexin 43 
only between VSMC and connexin 37 between EC. Connexin 45 is expressed in intestinal smooth 
muscle Nakamura et al., 1998), connexin 45 has also been shown to play a role in the regulation of 
human uterine smooth muscle contractilty (Kilarski et al., 1998) and connexin 45 deficient mice show 
defects in the development of the vasculature Kruger et al., 2000) The role, however, of connexin 45 
in the regulation of VSMC-EC communication has not yet been reported. Species and vessel 
differences in the distribution of connexins does exist and the co-localization of connexin 40 and 43 
has also been reported in both EC and VSMC Valiunas et al., 2000). The conductance properties of 
heteromeric gap junction channels that are formed when more than one type of connexin forms the gap 
junction, are reported to be intermediate between those of the homomeric junction and, if expression of 
connexins varies between vascular beds, there is the potential for specialization of function exists 
within the circulation Little et al., 1995; Brink, 2000). 
  Myoendothelial gap junctions occur in greater density in resistance compared to conduit arteries 
Daut et al., 1994) and this may explain the predominance of EDH in the resistance vasculature. 
Sandow and Hill (Sandow & Hill, 2000) have provided anatomical support for this hypothesis with a 
serial-section electron microscopic study of proximal versus distal rat mesenteric arteries and 
demonstrated a significantly greater density of myoendothelial gap junctions in the distal arteries. An 
elegant study by Emerson and Segal (2000) has illustrated the importance of the EC layer as the 
pathway for the EDH signal to VSMC. In the later study it was found that the conduction of the ACh-
mediated hyperpolarization and vasodilation of the hamster retractor muscle feed artery was 
interrupted by damage to the EC, but not the smooth muscle cell layer. Segal and Duling (1986) have 
also reported bi-directional conductance of ACh-mediated vasodilation in microvessels. On the other 
hand, Welsh and Segal (2000) have demonstrated what appears to be an important role for a CYP 
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metabolite as the most important mediator of the conducted vasodilation response to ACh in hamster 
cheek pouch arterioles.  
  Despite the ultrastructural data presented by Sandow and Hill (2000) and the functional data 
from Emerson and Segal (2000), data using pharmacological probes remains controversial as many of 
the studies of the role of myoendothelial gap junctions have used gap junction uncouplers of 
questionable specificity. Agents such as heptanol are notoriously nonselective (Chaytor et al., 1997) 
and the lipophilic saponins derived from the licorice root Glycyrrhizia glabra, that have been reported 
to inhibit intercellular gap-junctional communication (Davidson et al., 1986; Davidson & Baumgarten, 
1988; Yamamoto et al. 1999; Santicioli & Maggi, 2000), also have non-specific actions in a dose and 
tissue-dependent manner (Santicioli & Maggi, 2000; Taylor et al., 1998). A novel approach was taken 
by Griffith and his colleagues who designed an inhibitor based on the amino acid sequence of a portion 
of the second extracellular loop of the fourth transmembrane connexin segment of connexin 43 
(Chaytor et al., 1997, 1998; Dora et al., 1998). The peptide, Gap 27, has 11 amino acids 
(SRPTEKTIFII) and when used at concentrations of 300 µM it perturbs channel integrity by, it is 
assumed, competing with the docking sites on the connexins and thereby preventing connexin-
connexin interactions in pre-existing gap junctions (Chaytor et al., 1998). The specificity of action of 
Gap 27 is implied by two sets of data obtained with the rabbit thoracic aorta and superior mesenteric 
artery: 1/ Gap 27 did not modify force development initiated by phenyleprine nor relaxation mediated 
by NO or sodium nitroprusside. 2/ The "control" peptide, Gap 20, which possesses homology with a 
sequence of the intracellular loop of connexin 43, was inactive (Chaytor et al., 1998). Block of cell-
cell transfer of Lucifer yellow, a small flourescent tracer (MW 457 Da), by Gap 27 has been reported 
by Dora et al. (1998) in a study with cultured COS-7 cells; a monkey fibroblast cell line that expresses 
a low level of connexin 43 (George et al., 1998). Lucifer yellow has been used as a tracer of junctions 
between EC but is a poor tracer for VSMC in hamster cheek pouch arterioles (Little et al., 1995b). The 
contribution of gap junctions to the mediation of EDH may depend on the mechanism whereby the EC 
is activated. Gap 27 inhibited ACh-, but not A23187, evoked hyperpolarization of rabbit superior 
mesenteric artery suggesting that A23187-mediated endothelium-dependent relaxation requires 
chemical transmission whereas relaxation to ACh involves gap junction communication (Hutcheson et 
al., 1999). 
  The study by Sandow and Hill (2000) provided ultrastructural data indicating that there are few 
gap junctions between smooth muscle cells and this would seemingly provide additional data 
supporting the importance of myoendothelial gap junctions. Most of the studies with Gap 27 have been 
with conduit vessels, furthermore, and as pointed out by Fleming (2000), none of the pharmacological 
probes used to date, including Gap 27, can selectively inhibit myoendothelial cell communication 
without affecting communication between smooth muscle cells. Additional studies are clearly required 
before we can determine the contribution of myoendothelial cell gap junctions to EDH. The likelihood 
for heterogeneity between vessels is stressed by Edwards et al.(1999) who have shown that the role of 
myoendothelial cell junctions varies considerably from one vessel bed to another.  
 
Conclusions: 

  Considerable heterogeneity is apparent in the cellular mechanisms that mediate EDH and this 
may reflect vessel specialization. Although the evidence for myoendothelial cell gap junctions in 
mediating EDH is particularly strong in resistance vessels considerable indirect evidence also supports 
the contribution of a chemical mediator.  An arachidonic acid metabolite and/or small changes in Ko 
are leading contenders for EDHF. However, myoendothelial gap junctions, Ko and arachidonic acid 
metabolites do not meet all of the criteria in all vessels thus indicating that other mechanisms and 
mediators need to be pursued. The question of whether different vascular beds have evolved unique 
endothelium-dependent vasodilatation mechanisms remains unanswered but, nonetheless, is an 
exciting area for further research.  
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