Proceedings of the Australian Physiological and Pharmacological Society (3604%-54f1 http://wwvapps.og.au/Proceedings/34/45-54
©S.L. Sandow

Factors, fiction and endothelium-derived hyperpolarizing factor - EDH(F)
Shaun L. Sandow

Division of Neuroscience,

John Curtin School of Medical Resehy
Australian National University,
Canberra, ACT 0200 Australia

and
Department of Pharmacy and Pharmacology,
University of Bath,
Claverton Down, Bath, BA2 FAWK

Summary What isEDH(F)?

1. The principal mediators of vascular tone are The aim of this brief ndew is to povide a critical
neural, endothelial and psical stimuli that result in the overview of the EDH(F) field, with a focus on the role of
initiation of dilator and constrictor responses &militate gagp junctions in the EDH(F) phenomenon. Mordemsie
the control of blood pressurefwo primary vasodilatory reviews on EDHF are provided by McGuiret alt!
stimuli produced by the endothelium are nitric oxide (NOLampbell and Gauthiéming and Triggle’ and Griffith#
and prostaglandins. An additional endothelium dependent Briefly, the arterial endothelium produces three
vasodilatory mechanism is characterized as thessodilatory factors; NO, prostaglandins and EDH(F).
hyperpolarization mediated relaxation that remains after ti@dassically EDH(F) is the hyperpolarization and associated
inhibition of the synthesis of NO and prostaglandins. Thielaxation remaining after the inhibition of the synthesis of
mechanism is due to the action of a so-called endotheliul© synthase (and thus NO) and prostaglandiie two
derived hyperpolarizing &ctor (EDHF) and is dependent onprimary mechanisms that can account for EDH(F)vigti
either the release of flisible factor(s) and/or to a directrely on either diffusible- and/or contact-mediated
contact-mediated mechanism. mechanisms. Those that are dependent on the release of a

2. Most evidence supports the concept that ‘EDHRdiffusible substance, for which there is yet to be
actvity is dependent on contact-mediated mechanismsnequvocal evidence, are due to EDHRhose that are
This involves the transfer of an endothelium-gedi dependent on the direct contact of ECs and SMCs via
electrical current, as an endothelium-dedi MEGJs are due to the transfer of an electrical current, as an
hyperpolarization (EDH), through direct heterocellulaEDH.*°In both cases, the net result is tlypérpolarization
coupling of endothelial cells (ECs) and smooth muscle celid the adjacent smooth muscle with subsequergsel
(SMCs) via myoendothelial gap junctions (MEGJs)dilation. For clarity the term EDH(F) will be used here to
However, there is a lack of consensus wittgael to the refer to both a diffusible or contact-mediated mechanism.
nature and mechanism of action of EDHF/EDH (EDH(F)), Regardless of whether a difsible- or contact-
which has been shown tany within and betweenagscular mediated mechanism isvislved in EDH(F) actiity, it is
beds, as well as among species, strains,ape during accepted that its action is dependent on the release of
development, ageing and disease. intracellular calcium and the aedtion of a specific pattern

3. In addition to actual heterogeneity in EDH(F),of potassium channels. The &etion of receptors and/or
further heterogeneity has resulted from the less thapplication of piisical stimuli such as shear stress results in
optimal design, analysis and interpretation of data in soraerise in intracellular EC calciurh®*1° Subsequentlythis
key papers in the EDHF literature; with such views beingesults in the actation of small (S) and intermediate (1)
perpetuated in the subsequent literature. conductance calcium aetied potassium channels (K

4. The focus of this brief kéew is to examine what located on ECs, and in some cases theaticth of EC or
factors are proposed as EDH(F), and highlight th&MC large (B) Iga.l This channel actétion results in the
correlatve gructural and functional studies from ourgeneration of an EDH or the release of an EDifich is
laboratory that demonstrate an integral role for MEGJs sBubsequently transmitted to the adjacent SMC layer either
the conduction of EDH which account for the heterogeneitfia MEGJs or by difisionl? Indeed, it is agreed that
in EDH(F); whilst incorporating the reported fdible EDH(F) activity is blocked by the application of K
mechanisms in the regulation of this wityi. Furthermore, antagonists, such as apamin (§Kantagonist) and
in addition to the reported heterogeneity in the nature astarybdotoxin (non-selegg K., and BK., antagonist,
mechanism of action of EDH(F), the contribution ofwith additional efects at voltage-dependent potassium
experimental design and technique to this heterogeneithanneld) in combinationt? or apamin and TRAM-34
will be examined. (IK ., antagonist) in combinatight*!2in the case of SK,

and IK., dependent responses, or by iberiotoxin in the case
of BK,dependent responses.
The nature and mechanism of EDH(F) apparently
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varies within and between agcular beds and amongstcell types!®

species, strains, seand during deelopment, ageing and Interestingly the most recent ersion of the

diseasé;® as well as with variable experimental conditionspotassium cloud ypothesis’ includes a role for MEGJs in

and between laboratoriésA proposal for unifying the role the action of K as EDHE’ However, once a role for

of EDH(F) and heterocellular coupling has recently beedEGJs is included in this mechanism, a role fdrd¢ a

put forward by Grifith* This scheme incorporates nyaof  diffusible EDHF may be redundant, since the EDHF

the proposed EDH(F)s, and questions others, for whigthenomenon can be simply explained through the action of

there is debatable evidence. EDH. As alluded to ah@, a potential scenario where the

diffusion of K" may play a role in the EDHF activity could

arise if there is a close spatial relationship between MEGJs

Contact-mediated mechanisms represent the simpl d. Kea d|str|put|on. (as well as perhaps W't.h sites of
calcium etrusion), in the form of microdomains, where

explanation of EDH(F) actity, as a purely electrical eent. . . . :
However, the release of diffusible factors/s from theh|ghly localized changes in*kKconcentrations could play a

endothelium, at a concentration fiziént to change that of role in the coordination and modulation of heterocellular
the internal elastic lamina and the localviemnment EDH(F) signaling (Garland and Sawdo personal

surrounding the innermost layer of SMCs, has also begﬂmmdumca.tlon).. V\éh'\'/:sét ewdgnC(teh for s“nl![ar funptlonalll
proposed to account for EDH(F) agty. This substance microdomains in S and other Ccell types 1S we

then putatiely effects the actiation of SMC receptors and documented®it is interesting to speculate that this scenario
ion channels, to initiate smooth muschgpérpolarization may be t_he case in ECs of resistance _vessels SL.JCh as the
and relaxatior:4 mesenteric bed of the rat where functional studieg ha

Diffusible factors proposed as an EDHF include Ksuggested this to occtrFurther anatomical support for the

ions, epoxyeicosatrienoic acids (EETs}Qitle and C-type g)dstence of microdomains in ECs is not curre?ﬂ_gilabl_e

natriuretic peptide (CNP). N®-nitro-L-arginine metlyl in reS|§ta}nce e/ssels, and thus a role for & Ko this

ester (L-NAME) insensitie rtric oxide has also been scenario is speculas.

suggested to account for EDHF aitgi.'**°In addition, S- Epoxyeicosatrienoic acids (EETs)

nitrosothiols hee keen suggested to contribute to EDHF

activity,'® although the wdence for the endothelial There is evidence of a role for EETs in EDH(F)

dependence of this response requires furthvestigation. actvity in some vascular bed$. EETs are ytochrome
P450 expoxygenase metabolites of phospholipase
dependent arachidonic acid production, which pussti

x actvate smooth — muscle BK*® to result in

ehyperpolarization and arterial relaxation in cerebral,

coronary and renal arteries ofvemal species:? Indeed,

although there is evidence that EETs play argiaterole in

EDH(F) actvity in some vascular beds, EETs are not a

universal EDH(F), in that in manvascular beds, EDH(F)

activity is not sensitie o the application of iberiotoxin, a

Diffusible factors

Potassium ions

Several studies hee supported the proposal that
ions are an EDHF in someessels (for references se
L3413  Indeed,since the original proposition that'Kons
were an EDHFthis hypothesis has reassd much attention.
Basically this scheme wolves the actiation of EC K., and
the subsequent EC efflux of"Krom these channels. The
resultant potassium ‘clout'then reportedly difises across ) s .

BKc, antagonist. Furthermore, it is not clear if EETs

the internal elastic lamina to act as an EDHF ‘gkimg Ca ™ ) N o
smooth muscle hyperpolarization and relaxation, via ﬂ?ectmt){ is related to their participation in thacﬁllt'amo.n of '
activation of smooth muscle N&*ATPase and inardly autocrine pathays that generate hyperpolarization via

rectifying potassium channel$; key channels for the mechanisms that are indistin_ct from altervxatiago_nist—

modulation of ionic mechanisms that are reportedlnduced pathways that result in an analogous/itin of

sensitve t the application of ouabain and barium, n EDH(F) type responge.

respectiely. Antagonism of the EDHF response by thes?—lydrogen peroxide

blockers is used as definingidence for K as an EDHFIn

its current form this mechanism is referred to as the In human and mouse mesenteric and porcine

‘potassium cloud hypothesi¥’. coronary arteries, D, has been proposed to act as an
A complication to this hypothesis is the efflux of K EDHF?1"2* However, a gimary problem with these studies

from SMCs that arises as a result of depolarization, whidéh that the appropriate time and concentration controls for

would thus contribte to the basal Vel of K* surrounding catalase, as a @, antagonist, were not undertaken and

vascular cells, and will thus suppress theBOHF efect. indeed the proposal that,@, is an EDHF in theseascular

At a simplistic leel the term ‘potassium cloud’ is beds is not consistent withveeal other studies undertak

misleading, in that it implies the presence of a global cloud the same vascular beds (see W¢ldBery and von der

of potassium surrounding the vascular cells, wheragt f Weid,® for example, hee siown that EDHF and kD, are

ary physiologically releant change in the Kconcentration distinct factors in porcine coronary arteries, whilst

will be transient and localized. Indeed, a more plausibRomposielloet al?® demonstrate that catalase, an enzyme

scenario is that the *Kflux acts at restricted localized sitesinhibitor H,0, of actvity, has no effect in porcine coronary

(microdomains), as has been described in SMCs and othessels; although at 300U/ml it did abolish the endothelium
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independent relaxation to exogenously generatgal, BHfter  activity of CNP as EDH(F) is based on the assumption that
45min incubation. Catalase has beenwshdo hae mo  GA is a specific antagonist for MEGJs and since no control
effect on EDHF in the bovine ciliaryat saphenous and studies for the éécts of GA were undertaken in the
mesenteric and human radial and subcutaneo@hauhanet al!® study this claim is open to question.
arteries>27-30 In this light, seeral studies hee sown that Indeed, GA and its desitives have been shown to block
H,O, can cause aasoconstriction (se&-% for exkample) homocellular and MEGJs in thisessef%4! as well as
which can be attenuated by a 20min incubation in 100U/mlving direct efects on the EC hyperpolarization to
catalasé® Furthermore, in a membrane potentiahcetylcholine (ACh), via &cts on phospholipase agty,
independent mannereactve axygen species such as®, and EC SK, IK., and Na/K*ATPzse, irrespectie d its
have keen reported toariably actvate SMC K., ATP- putatve dfect at gap junctiond?2 A limitation of future
sensitve mtassium channels, N&K*ATPae and modulate studies examining a potential role for CNP as an EDH(F), is
the sensitivity of the contractile apparatus to calctdfh, the lack of sailability of selectve antagonists for the CNP
thus playing additional roles unrelated to EDHfut receptorC subtype that is reported to mediate this response.
complicating ag speculatve mle for HO, in EDHF Furthermore, specific limitations of the Chauhen al.
activity. Indeed, in contrast to the original proposition thastudy*® include; the lack of a demonstration that the CNP-
H,O, was an BDHF in mouse mesenterieessels Ellisst mediated relaxation can occur independently of the
al.3* provide evidence that }0, is not an EDHF in these endothelium (which wuld thus demonstrate CNP action at
vessels. Indeed, Ellist al3* found that an inhibitory éct the smooth muscle) and a lack of explanation of the
of catalase does not provide defirgtividence that EHO, is  obserations that CNPwekes [60 to 70% relaxation, whilst
critical to a gven vascular responsé. EDHF evokes [1L00% relaxation. Additionallythere is also

In ary event, the physiological relence of HO, as a lack of explanation as to withe (non-specific) blockade
an EDHF is simply questioned based on the olasierv of gap junctions with GA suppresses CNP\igtj or what
that the concentration of J@, produced in response to effects barium alone has on the CNP- and EDHF-mediated
endothelial stimulation (10-60n¥ see?) is substantially relaxations, or the inclusion of appropriate control data to
less than the 8V to 100uM of H,O, required to elicit a 30 determine if there @s a basal release of CNP in these
to 90% relaxation in human mesenteriessel® or the mesenteric vessels. Thus, a defigitiole for CNP in
0.1mM and 1mM of HO, required to elicit a 60 and 100% EDH(F) activity remains to be elucidated.
relaxation in porcine coronary arter@®s.In addition, ) N o )
concentration dependent effects ofCH are critical to the L-NAME insensitive nitric oxide
question of whether physiological or pathggiological
effects are observed, since®) can mediate vascular cell
proliferation, apoptosis, Wperplasia, cell adhesion and
migration, as well as having fe€ts on arterial ton®.
Indeed, predominantvelence supports the proposition tha

H,O, is not irvolved in the kperpolarization dependent this L-NAME insensitve NO may account for aminor

EDHF response and that it is not an EDFiR? degree of EDH(F) activity and one not consistently
C-type natriuretic peptide (CNP) pbser‘ed in studies of the samasculgr bed. Foxample,
in the Chauharet al study'® purporting to sha that L-

C-type natriuretic peptide has been proposed to actld8ME insensitve NO accounts for asignificantportion of
an EDHR® and indeed the data presented in Chauttan EDH(F) actiity, 63% of hyperpolarization and 70% of
al.1® are consistent with the aedtion of the CNP receptor relaxation to Ah remain after the addition of the NO
C aubtype playing a role in the EDH(F) phenomenorscarenger oxyhaemoglobin (in the presence of ANAE
However, in the same mesenteric vessels gangned in and indomethacin). Furthermore, in the caudal and
Sprague-Dawlgrats by Chauhast al.}3 but in the mature saphenous arteries of the rat and mesenteric artery of the
Wistar rat, Sande et al3” demonstrate that heterocellularmouse the NO seangers hydroxocobalamin and carboxy-
coupling of ECs and SMCs accounts for EDH\aftiin -~ PTIO have ro effect on EDH(F)2443thus demonstrating a
this bed. Whilst the diérence between the twgudies lack of an L-MAME insensitvte NO component in these
could be related to strain variation, such a fundamentascular beds. The contribution of endogenous NO to
difference is unligly and the specific reason for theEDH(F) activity therefore appearsanable and in man
discrepang is unknown. Interestinglyin this light, the use cases nonyéstent. Further studies are required to determine
of the non-selecte gap junction antagonist glyorhetinic  the physiological releance of this phenomenon.
acid (GA) and its devitives haveimplicated a primary role ) )
for gap junctional coupling in EDH(F) adiy in this Contact-mediated mechanisms
vascular bed®*! Indeed, Chauhast al.}® implicate a role
for MEGJs in the proposal that CNP is EDH(F) via the u
of a-GA, although at present this role is currently uninp
but is being irvestigated (Ahluwalia, personal
communication). In an case, a role for MEGJs in the

Endogenous or basal NO aftly, which is insensitie
to the application of NO synthase antagonists used in the
routine study of EDH(F), has been suggested to account for
EDH(F) actiity.1*'> Current ®idence suggests that in
tsome ascular beds, under specific experimental conditions,

Evidence supporting the critical role of MEGJs in
SEDH(F) activity comes primarily from structural and
functional studies from our laboratory in Canberra and
Tudor Griffith’s*36444%aboratory in Cardiff. These studies,
which illustrate the simplest xplanation of EDH(F)
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activity, utilize the electron microscopic identification of
MEGJs, electrophysiological recordings from dye identified 100 -
ECs and SMCs and myograptwith pharmacological &
interventions, as well as immunohistochemical methods @8r 75 -
identifying the connens and ion channelsvalved in the -2
EDH(F) phenomenon. These studies are consistent With§1e50 ]
hypothesis that EDH(F) is an electrical phenomen@h
involving the gap junctional transfer of an EDH, from ECg 25
to the innermost layer of intimal SMCs in the arterially 5
for the subsequent generation of an arterial relaxation. 2
Studies from our laboratgryhich are the focus ofE 0 i 3 3 )
this section of the xéew, haveexamined the role of MEGJs¢
in EDH actiity. We have found that the distribution and®, 1007
activity of MEGJs is correlated with the presence of EDE
within and betweenascular beds, during dgopment and 2 751
in disease. In the proximal and distal mesenteric arterie%of
the rat, for example,ap junctions play a critical role ing 507
EDH actvity,3%4! where MEGJs are prdent® In this 2
vascular bed, in collaborat fudies with Marianne Tare in'E 25 1
Helena Rrkingtons laboratory in Melbourne, we shed g
that the presence of EDH is correlated with the presenc&of - , o
MEGJs, whilst in the femoral artery a lack of MEGJs 8 0 2 4 6 8 10
correlated with the absence of EBHA similar situation is & 199
present in the lateral saphenous artery of thernjilw rat, 2
where MEGJs are prelent and EDH-mediated relaxationg -5 |
present This is in contrast to the saphenous artery of tﬁe
adult, where MEGJs were rare and EDH ab&efihe "§ 50 1
relationship between EDH and MEGJs is somewhat mdie
complicated in disease states, such asypetiension. In a B

3° mesenteric (juvenile)
1° mesenteric (juvenile)
1°/2° mesenteric (adult)
caudal (adult)
saphenous (adult)
femoral (adult)

O O me o

elaxa

. . 25
comparatie gudy of the caudal artery of theg/ertensie 2
SHR and normotens WKY rat, EDH activity was = | 2
intained, in spite of an increase in the number of SMC 0, ; ; - '
maintained, In sp _ ) 0 100 200 300 400
layers in the vessels from theygertensie rat. This Diameter (um)

maintenance s found to be correlated with a concomitant

increase in the incidence of MEGJs in the caudal artery of

the hypertense rat*3 Figure 1. Summary data demonstrating thelationship
The abee dudies demonstrate there is a direchetween acetylcholine (ACh)-induced EDH(F) activity and

relationship between the degree of EDH and the incidenagterial morphology as the number of myoendothelial gap

of MEGJs. Indeed, EDH increases with an increase in thgnctions (MEGJs) per endothelial cell (EC), per number of

number of MEGJs per EC, whilst, a@nsely, it generally medial smooth muscle cell (SMC) layer and per vessel

decreases with an increase in the number of SMC layefiameter Individual data points & presented as the mean

and vessel diameter (Figure 1). Interestinglsilst EDH is + SEM with data being derived from earlier studiég43:46

the predominantasodilator in smaller vessels, it is presenbata wee fitted with a one phasexgonential curve using

in some larger vessels (Figure 1), such as the rabbit iliac, Gitaphpad Prism. PE, phenylephrine.

caudal and superior mesenteric artetes:*°In the rabbit

iliac artery cCAMP has been proposed to enhance the spread

of EDH via modulating gap junctional coupling within theRole of diffusiblefactorsin contact-mediated

multiple SMC layers, as well as at MEGJsWhilst mechanisms

conclusve hophysical evidence for this mechanism being

relevant in larger vessels is lackirt§ this mechanism may mechanism to fully account for EDH adty. Indeed, there

be of some |mpor.tance for EDH activity in Iarg.er vessels_. is 'tncreasing wdence that the diffusible factors, that act as
These studies demonstrate that there is a consistén

positve wrrelation between MEGJs and EDH ity credible EDHFs, may inaft be associated with the

within and betweenascular beds and duringvéopment modulagon of gap junction astty and specifically O.f
. . : : . ... MEGJs; for the transfer of EDH, as the most plausible
and disease. Whilst this correlation is not defiaiti

evidence that contact-mediated mechanisms account g)‘uechamsm of their awity. These mechanisms are outlined

r
EDH(F) actvity, to date, these data provide the mos elow
conclusve and plausible explanation for this activity.

Direct electrical coupling is the most plausible
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Potassium ions are intgral for EDH actiity. Depending on the
o ) _ _ experimental conditions, studiesugashown that HO, can
~ The original hypothesis gerding the mechanism of iy increas® and decreag®gap junctional coupling, and
action of K" as EDHF has been modified to include a rolggect changes in intracellular calcium homeostasis, both in
for MEGsz However, dthough K" are ivolved in  cyiyred cells and in intact arteri@®! Although no
mediating EDH(F) aciity, once a role for such MEGJs is gpecific evidence is currentlyvallable to support this
included, no direct role for Kas a diffusible EDHF is roh0sal, these observations yide potential support for a
necessary for the transfer of an EDH. Indeed, in a seriesifchanism to link the putati ole of H,O, as an EDH(F),

experiments that repeated those in the original proposal tRgth the MEGJ dependence of the EDH phenomenon.
K* was EDHF, the data in the original study could not be

repeated? In addition, seeral studies hae questioned the C-type natriuretic peptide (CNP)

nature of K as EDHFsince barium and ouabain, which are ) ]

used to define the role oftes an EDHFdo ot unversally ~ The putatie ation of CNP as an EDH(K) may be
block EDHF-mediated responses (for references s¥& acting as yet another factor thaicifitates electrical
1341759 |ndeed, the éitag of ouabain as a select coupling through gap junctions; althoughyaputative
Na'/K*ATPae antagonist has been questioh®d? mechanism for this is unkam. Indeed, ay putative action
whereby it has inhibitory effects on cell coupling vigf©" CNP as EDH(F) cannot be directly associated with the
modulating gap junction functioi. Indeed, ouabain may 9% junctional transfer of CNP from ECs to SMCs, since

directly attenuate the transfer of EDH by its actionag g 98P junctions are limited to passing substances dkD
junctions®5L52 This action includes direct fetts on gp and CNP has a molecular weight [@2.2kD (Ahluwalia,

junctional coupling, such as reducing connexin (CX{?ersonal communication). Inter'estin,gly the Chauharet
expression through reduced Cx fieing to the cell ?"-St“d}'llg’ proposing that CNP is an EDH(F), the response
membrane, as well as modulating gap junctioff Sensive © the cpmplnatlon of parlum and ougbgm, an
conductancé& The implication of these observations is thaPPSeration that this is not a urersal characteristic of
the attenuation of an EDH(F) response by ouabain, as wii?H(F) in this, the rat mesenteriascular bed? Indeed,
high concentrations of potassium, does not necessarfi§’c& ouabain is recognized as a non-specife jgnction
provide evidence of the EDH(F) nature of the respoh®g antagonist, this result may inadt reflect a MEGJ
The demonstration that ouabain has direct effectsam gdependence of EDH(F) in the mesenteric bed of the rat, as
junctions, and thus on EDH(F), are essentially contrgl€monstrated by Sandawal®’

studies for the earlier work that relied on the use of ouabgj ; ; ; . ;

to shav that K* was EDHF. Thus, based on these ‘controlm?;?gghdlaj gap junctions, EDH and gap junction
datd>152K* jons are not an EDH(F)ubrather may simply

be involved in the modulation of the signal transduction The demonstration of the dependence of EDH
pathways associated withag junction functioff>> and activity on gap junctions relies, in part, on the specific
thus with EDH actiity.* Further ivestigation is required to pharmacological inhibition of gap junctions. Unfortunately
elucidate ay potentially specific décts of ouabain on there are a number of limitations geeding this
vasomotor responses and those at gap junctions. Indegtbthodology The primary one of these relates to the
this point is critical for the accurate interpretation of futurgependence on the use of gap junction inhibitors that ha
EDH(F) data. not been adequately characterized in terms of their
specificity and mechanism of action. Currenthere is no
unequvocal evidence that the valable gap junction

In studies of cultured ECs, EETsvieateen shown to nhibitors — are specifié? let alone seleate for gap
modulate homocellular gap junctio¥fsthus providing a junctions, be the heterocellular'or homocellulgtndeeq,
potential mechanism for a modulatory role for EETs ifnfortunately to date, ¥e studies hae examined this
EDH action? Griffith* suggests that EETs activity may beProblem in detail and fe have carried out the defining
related to a compleinteraction of calcium and potassium&®Periment of examining the effect of these agents on cell
homeostasis, cAMP and arachidonic acid activity an@Put resistance, whereby an increase in input resistance
electrotonic signaling (see Figure 3iand als?). Indeed, Would provide ley data on the gap junction antagonist
EETs hae dso been suggested to be modulate EG K effects of these agents. Of the studies thaeharried out
activitys” thus preiding a further mechanism for their SUch technically demandingqgeriments, the data are not
potential role in modulating EDH, independent of actingonsistent and are incomplete; although this may in part
directly as an EDHFFurther studies of the role of EETs inTeflect the h%tserogenelty in the Cx composition asoular
EDH activity in intact essels are required to clarify theséd@ Junctions:

Epoxyeicosatrienoic acids (EETS)

proposals. _Much of the currentwedence for the gap junction and
specifically MEGJ dependence of EDH relies on the
Hydrogen peroxide utilization of the licorice devetives (the GAs and

carbenoxolone; see al for an outline of non-specific

~ There is some wdence that HO, can effect 80 actions), the Cx-mimetic peptides (Gag26Gap274
junction actvity and calcium homeostasis; dwactors that Gap278743 which, based on putati lectivity, are the
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current gap junction inhibitors of chofc®*) and as to the incubation time with catalase (2 hours or
decreasingly with the long chain alcohols, such as longer) as well as the high (andariable)
heptanol. Hwever, there is little equiocal evidence that concentration of catalase that was used.

these agents are gap junction specific and thgtdheot
induce other non-gap junctionafexts. Whilst there is well
documented (and often ignored) evidence for the non-
specific effects of the licorice dedives (see abee) and
heptanol (for gample, %) the Cx-mimetic peptides, ta

not yet been equidcally tested for specificitynor is their

3. Theclear need for greater transpangmdth regard
to variability in cell, vessel and species specific
responses, as a result of a specific receptor and
channel population, and associated signal
transduction pathways (for references &pe

mechanism of action known. In thisgeed, a primary issue 4. Makinginappropriate comparag analyses between

with the use of the Cx-mimetic peptides relates to the studies, including a lack of consideration of
apparent requirement to use very high concentrations and  strain®7:68 age?6971 sex/?75 the use of intact
long incubation times to attenuate gap junctionvitgtf versus isolated tissue and tension versus pressurized
Interestingly others report significant fefcts with lesser myograply (for references see page 15%), as
concentrations of the peptide/s and reduced incubation well as \ariation in the classification of arterial
times®26566 Clearly, there is a pressing need for these branching pattern®4146  |ndeed, such
issues to be addressed. characteristics are often not stated in the methods

section of papers and thus result in an inability to

Why istheresuch a disparity of views asto the nature make mmparatie aalyses between studies.
and mechanism of action of EDH(F)?

5. Lackof clarity and releance as to thexperimental

The cowentional reason gen for the disparity of protocol. For instance, under conditions of little or

views as to the nature and mechanism of action of EDH(F) no vascular tone, use ofiffers [such as HEPES],

is that there is heterogeneity within and between arteries, that hae ron-physiological efects, the use of
species, se strain and disease states'%l” However, a preconstrictor agents that adverselfeef channel
further cause of the heterogeneity relates to the less than  activity* such as the ffct of U46619 on SK/® and
optimal design, analysis and interpretation of data present the effect of the GA and related compounds on a
in some ley papers in the EDH(F) literature. Whilst some variety of cell processes, as outlined ako

earlier studies can be seen asvéld with hindsight, this is
not necessarily the case, sinceytimeay in fact represent
significant contribtions to the EDHF literature through
role in adancing the weolution of the field.
Unfortunately this is not alays the case, and the
perpetuation of ne potentially misleading data is
problematic. In ay case, it is recognized that there is
variation in the nature and mechanism of EDH(F) between
laboratoried, thus questioning the relance of the data and

their

Extrapolationof data to other vascular bedsorF
example, Chauhart al'®1%> examined EDH(F) in
mesenteric @ssels of the mature male Sprague
Dawley rat, ut extrapolate the data to be applicable
to the \asculature as a whole. Whilstveral studies
have made such claims (for references $€4), this
contention merely confuses the field, as there is no
evidence to justify this point of we

conclusions of some studies. Conclusions

The problems of xperimental technique, with gerd

to the design, analysis and interpretation of data that The nature and mechanism of action of EDH(F) can
contritute to the reported heterogeneity in the nature amrgbparently differ along and betweesseular beds, between
mechanism of action of EDH(F) in the literature include: species, strains, seand during deelopment, ageing and

1.

50

disease. This heterogeneity can be explained through the
action of heterocellular coupling. Indeed, contact-mediated
mechanisms represent the simplest explanation of EDH(F)
eac'['r\/ity and irvolve the transfer of an endothelium-desd
Slectrical signal to the smooth muscle via MEGJs, as EDH.
. . . . Of the putatte dffusion-mediated mechanisms," Kons
interested in EETs orap junctions to account for . L . .
. S L have receved much attention in the literature and whilst
EDH(F) actvity, but may thus limit the westigation . ) : .
. . they might not be an EDHRhey are involved in the signal
to the use of antagonists of the mechanism of their : ; . X
. . ; ransduction pathways associated with the generation of the
interest, rather than of alternai pathways. This . : .
. . L EDH and thg may be iwolved in the modulation ofap
results in a potential for a bias iravix of a . . 7, - .
articular putatie EDH(F)(for references see junctlon acwity. In a sm|lar' manner the_rg N good
1pygy4vl§ evidence of a role for EETs in EDH(F) agty in some
' vascular beds, although this role may be confined to a
Thelack of control data for the effects of agonistsmodulatory role of homo- and heterocellular coupling, as
antagonists and other modulators. For instance, well as modulating the K component of the EDH
the Matobaet al. sudie$'-2% examining the role of mechanism. The role of CNP as an EDH(F) is yet to be
H,O, as an EDH(F), justification should be wided clarified, but may also be related to the modulation of EDH

The use of selectedagonists, antagonists and/or
modulators of the irestigators choice and interest,
but not those which may indicate an alteraati
nature or mechanism of EDH(F)(for references s
13415 That is, for example, anvestigator may be
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activity. Predominant eidence supports the proposition that
H,O, is not an EDH(F), although again, its activity may
also be related to the modulation of gap junction functiod,1.
and thus of EDH. L-NAME insensit#t NO may account for

a degee of EDH(F) actiity in some vascular beds, but the
extent of this is limited to only a minor part of such atji
Whilst the nature and mechanism of action of EDH(F) is ib2.
part be due to actual heterogeneityis dso unfortunately

due to a lack of consistent and sound scientific
methodology.
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