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Summary hyperpolarization and relaxation of the smooth muscle.

1. The elusie mature of endothelium-derd Introduction
hyperpolarizing factor (EDHF) has hampered detailed study ) ] o
of the ionic mechanisms that underlie the EDHF  Endothelial K channels hee keen widely implicated
hyperpolarization and relaxation. Most studiesehalied " endothelium-dependentasodilation. Initially it was
on a pharmacological approach in which interpretations §Pnsidered that endothelial cejgerpolarization, via the
results can be confounded by limited specificity of action @Pening of K channels, wuld facilitate Cé+.'”f|“)f In
the drugs used.Nevertheless, small-, intermediate-, andthese cells by increasing thewing force for this Cat'th_
large- conductance aactivated K* channels (SK, 1K, and in t.h|s way enhance production of the “chssmaI”
and BK_,, respectiely), have keen implicated, with inard endothellum.—dependept vasorequants NO and,R@iich
rectifier K* channels (i) and Na/K* ATPase also rely on an increase inyoplasmic free Cd. Howeva,
suggested by some studies. since the C# eqU|I!br|um potential is likely to be_around

2. Endothelium-dependent membrane currents130 MV a large driving force of +190 mV for Gainflux
recorded using single electrode voltage-clamp froffSts at a resting potential of 60 mVhis means that
electrically short lengths of arterioles in which the smootfndothelial fperpolarization would be expected to
muscle and endothelial cells remained in their norm&Pntrikute little extra to the dring force for Ca" influx. .
functional relationship he movided useful insights into Under  such  conditions,  block of  endothelial
the mechanisms mediating EDHEharybdotoxin (ChTx) hyperpolaqzatlon might be expected tovbdittle effect on
or apamin reduced, while apamin plus ChTx abolished ﬂqgtopiasmlc C& levels. Suchhas been shmn to be the
EDHF current. The ChTx and apamin semsitiurrents CaS€" _ - _
both reversed near thexpected K equilibrium potential, The discoery of the additional asodilator
were weakly outardly rectifying, and displayed little, if Phenomenon of endothelium-desd hyperpolarizing &ctor
ary, time or voltage-dependent gating, thus having th&DHF) has prompted renewed interest in the role of

biophysical and pharmacological characteristics qf Jind endothglial K channels in the rggulatic_m oéscular tone.
SK,, channels, respeutiy. EDHF is so-called because itsasodilator effects are
a ! '

3. K., and Sk, channels occur in abundance inStrongly associated with smooth muscigérpolarization,
Al & : ; 1 and because the nature of EDHRaswunknwn®’ and
endothelial cells and their aedtion results in EDHF-lik

hyperpolarization of these cellghere is little evidence for 'emains contraersiaP®. There are currently three main
a sdgnificant number of these channels in heglth SUggestions as to the nature of EDHFhich are not
contractile vascular smooth muscle cells. mutually clusive kut may represent dérences between

4. In a number of blood assels in which EDHF SPecies, between vascular beds and betweeferedit

occurs, the endothelial and smooth muscle cells af@dothelial stimulants. One suggestion is that EDHF

electrically coupled via myoendotheliaa junctions. In represents endothelial hyperpolarization generated by the
o D

contrast, in the adult rat femoral artérywhich the smooth actvation of Ca*-activated K" channels () that spreads

muscle and endothelial layers are not coupled electricalR2SSVely via myoendothelial gap junctions to result in

EDHF does not occureven though acetylcholinevekes ~NyPerpolarization of the smooth muscle —cEHS,
hyperpolarization in the endothelial cells. According to this idea, endothelial "Kchannels wuld

5. In vivo studies indicate that EDHF conmiles INfluence smooth muscle contractile wityi by reducing
little to basal conductance of the vasculature, but &% influx via voltage-operated sz‘a'channe_ls and by
contritutes appreciably toveked increases in conductance SUPPression of gy enzg/lrges ivolved in agonist-induced

6. EDHF responses are diminished in some diseaségnsduction pathays®1  Another suggestion is that

including hypertension, preeclampsia and some models BPHF is @ product of theyechrome P450 pattay, such
diabetes. as an epoxyeicosatrienoic acid (EET), and since EETs can

7. The most economicalxplanation for EDHFin activate large-conductance, &aactvated K' channels

vitro and in vivo in small vessels is that it arises from(BKcp: it has been inferred that EDHF voges
actiation of IK., and SK., channels in endothelial cells. hyperpolarization via the awetition of BK, channels on

o e 8 - e smooth muscle celfs?”. The third suggestion is that
The resulting endothelial hyperpolarization spreads vif ' 99

myoendothelial junctions to result in the EDHF-autdl K™ efflux from endothelial cells via intermediate- and
small-conductance Gaactivated K" channels (I, and
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lonic mechanisms underlying EDHF responses

SK., respectiely), actvates inward rectifier K channels reduced by ChTx and further reduced by ChTx plus
(K,g) and the N&/K*ATPase on the smooth muscle célls apamit®>4 In the rat, the EDHF yperpolarization in the
Thus, different ionic mechanismsveabeen proposed to tail artery was abolished by a combination of ChTx plus
underlie the actions of EDHFEDHF plays an increasingly apamirt®, while in the mesenteric artergpamin was more
prominent role in &sodilation as arterial diametereffective than ChTx, but both were required to completely
decreases, and is thusdik to be important in tissue block the EDHF hyperpolarization and relaxatfonin the
perfusion. SinceeDHF appears to decline with ahcing mesenteric artery of the rabbit, apamin alone abolished the
age and to be tgeted in diseases such as hypertension aidDHF hyperpolarization, as did TEA (10mM), while itay
diabetes, knowledge of the ionic mechanisms underlyinmaffected by ouabain, 4-A8r Ba2* 5.

EDHF would be xgpected to gie a improved Overall, the studies on EDHF-induced
understanding of the nature of EDHF and to impact on ohyperpolarizations and relaxations produced no strong
understanding of the regulation céscular tone in health evidence for the imolvement of K, or K, channels,
and in disease, and this will be the focus of the presemiidence for the imlvement of BK channels in seral

article. studies, and strongly implicated IK and SK., channels in

) mary other studies.More recently selectve axd potent
Pharmacology of EDHF relaxation and blockers of IK., channels hea keen deeloped that are
hyperpolarization analogues of clotrimazole that lack the imidazole ring and

gherefore do not block cytochrome P450 enzytheShese
compounds, TRAM-34 and TRAM-39, particularly in
combination  with  apamin, block the EDHF

Earliest studies to identify the ionic mechanism
underlying EDHF utilized blockers of avious ion
pathways. Ofconcern was that thefe€ts observed could . . -
have resulted from an action of the drugs used on t perpolar|za_t|on qnd relaxation, .Mdmg stronger
endothelial cells, thus affecting the production of EDHFp armacolloglcali .eV|dence for the\{g)izvement of Ik,
rather than the EDHF response in the smooth mugaey channels, in addition to %channel%g '
studies demonstrated an efflux $Rb®, an increase in K+ asan EDHF
membrane conductari®e and an insensitivity to the
Na'/K*ATPase inhibitor ouabai? which suggested that The elgant hypothesis that EDHF may be none other
EDHF actiates a K conductance. TheK* channel than K released from the endothelial cells raised additional
blockers apamin (selese for SK., channels} or candidates for the ionic mechanisms underlying EFSHF
charybdotoxin (ChTx, which blocks BK 1K, and some According to this scheme, stimulation of endothelial cells
voltage-dependent K channels, I§)32 abolished EDHF results in the aotation of endothelial K, channels. The
relaxations, bt in other studies, either blocker by itself hadesulting efflux of K is then proposed to accumulate in the
little, if any, efect. Havever, total block vas achieed by a myoendothelial space where it stimulates the*/Ka
combination of apamin plus ChT33% A general lack of ATPase and k. channels in the smooth musée This
effectiveness of blockers of K, and K, channels indicated study @ve a fresh boost to irestigations into the ionic
that these channels were unlikely to beoimed®33-3540  mechanisms underlying the EDHFygerpolarization.
Iberiotoxin (IbTx), which seleotely blocks BK., channels, Using lov concentrations of B4 to specifically block K,
inhibited the EDHF relaxation in some studiesiva* and  (typically around 30uM), ouabain to block the N&K*
in vitro*243 put was inefective in other studies against the ATPase, and attempted mimicry by thexogenous
EDHF relaxatiof*3544-46or hyperpolarizatio®4>47 This application of modest increases in KCl, a number of studies
ineffectiveness of IbTx, together with at least partial bloclobtained eidence against the *Khypothesi&3-67, while
by ChTx, suggested that the ChTx-semsitthannel vas other studies provided vielence in &vaur of the
the IK., channet®. Although tetraethylammonium (TEA, idea®39870 Such studies hse generally placed strong
which blocks BK., and some K channels) produced an emphasis on block of EDHF responses by ouabain.
effect in some studi€$®>44 the anti-muscarinic actions of However, the efects of ouabain need to be interpreted with
TEA*® may cloud the interpretation of its fefts. considerable cautionCa* overload’’"® has been woked
4-Aminopyridine  (4-AR which blocks K, channels) to explain an inhibition of a K channel by a 10 minute
diminished the EDHF response in some studies, but amposure to ouabain in caninentricular myogtes’, while
alternatve explanation is that it did so through inhibition of ouabain also inhibited the iloprost-induced
the increase in endothelial cytoplasmic freé*Ca hyperpolarization, which is inhibited by glibenclamide, in

In electrophysiological studies, Kand K, blockers the rat hepatic arte¥§, In the bovine coronary artery
did not affect the EDHFperpolarization in the guinea-pig ouabain blocked relaxations induced by the NO donor
coronary arter§?*%-51 Howeva, the hyperpolarization as  glyceryl trinitraté®. A recent study indicating that ouabain
reduced by TEA (1-5mM), ChTx &0® M) and is capable of decreasingag junction permeability is
4-AP*9-5% while apamin had no fefct*>*°or caused a small particularly significant since suchfefts are consistent with
reduction in the initial phase of theygerpolarizatiort. =~ EDHF being due to electrotonic spread gpérpolarizing
Somevhat similarly in guinea-pig carotid arteries andcurrent from the endothelium to the smooth muscle (see
submucosal arterioles, the EDHF hyperpolarizatioms w belaw). In that studythe cells were exposed to ouabain for
insensitve to blockers of K., and K, channels, but s one hourwhich is appreciably longer than in studies on the
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Figure 1. Componentsof EDHF current recorded from segments of guinea-pig submucosal arterioles.

Aa, Ba, ACh (luM) evoked an outward, EDHF current with the merabe clamped at —63 m\Periodic transients &
responses to volte amps (insets). Ab, ChTx (30 nM) and Bb, apamin (8% reduced the EDHF cuent. Ac,Bc, sub-
traction of the current in Ab from Aaweals the ChTx-sensitive component of enty and subtraction of the current in Bb
from Ba ewals the apamin-sensitive component of entrr Ad,Bd, the |-V relationships for the ChTx-sensitive and
apamin-sensitive componentgspectivelywere well-described by the GHK equation for & Kurrent (smooth lines).
Reproduced with permission of The Physiological Society from Colenadf

effects of ouabain on EDHFThe effects of shorter duration developed by Neild’®. These arterioles therefore seemed a
exposures to ouabain o junction permeability were not good preparation in which to record the EDHF currents
determined. under voltage-clamp, and also to determine their functional
significance in terms of contractile adty. Howeve, it
must be borne in mind that increasing the amount of stretch
B’g the wall of the guinea-pig coronary artery increased the
mplitude of lyperpolarization eoked by NO, iloprost, and
EDHF, though the EDHF yperpolarization was less

Voltage-clamp studies

lonic mechanisms are perhaps ideally studied
recording the membrane currents undeitage-clamp.

Voltage-clamp studies of vascular tissues typicaliyolire o .
g P ypicallyo ensitve o gretch than that of NO and ilopré$t Thus,

enzymatic isolation of either the smooth muscle ot the short s of arteriol tb ized
endothelial cells, and recording from the isolated cells usirt?#‘ce € short segments of arterioles cannot be pressurized,

the patch-clamp technique.Such cellular isolation ere r_nay_be some {afences n the activity of the
overcomes the problems of spatial clamp control in gnderlylng ion channels and their regulatory mechanisms

syngtial tissue. However, to record the ionic currents compared with the more physiological, pressurized state, in
underlying the eluse ad controersial EDHE a which the ionic mechanisms cannot be readily studied.

preparation s required in which the endothelial and ; {_”lthle subdmutcosal Z\rt_eég)les,d W'ttrr'] the membra]lcne
smooth muscle cells remained in their normal functionaﬁ‘0 e’_‘ 1a Ca”?p_e ataroun merdd in the presence o
“-nitro-L-arginine methylester  LENAME) and

relationship, especially in we of electrotonic spread as a . . A .
potential mechanism.Such a preparation needed to béndomethacm to inhibit NO production angciooxygenase

amenable to voltage-clamp, preferably without exposing tl?ézgllg respetct'velg, acetylctholti;w% ('ta‘((“;h?[ arIIEdDTJ:%:bl?tagce P
cells to digestie enzymes that could potentially disruptev an aitward current atributed 1o (.'g
mechanisms underlying EDHF Hirst and Neild® 1Aa, Ba) and also resulted in EDHF-induced relaxatioh

demonstrated that the submucosal arterioles lying in tﬁ:éjrrent-\oltage (-V) relgtlo_nsmps, obtained from the
wal of the small intestine of the guinea-pig had aifurrent responses to periodic voltage rampggaled that

electrical length constant of about 160, and that the Fhe_EI?_HF&urtr?Qt 'Egsl_e'g ata potfgtla:jatLound;:tgt fOT%K
arterioles could be cut into short segments that remaingy catng that the currentvaved the actation o

physiologically viable. Hirst and colleagues subsequentl dchabnnels.thh'lt'_xeduc?d the E?HFtﬁurre(r;H_Fig 1At.)t).’
shaved that if the arterioles were cut into fiziéntly short n y subtraction ol _ currents, € X-SEVBI
lengths, thg could be voltage-clamped with a Singlecomponent s reealed (Fig 1Ac). Its I'V_ relationship
intracellular microelectrode using a switching ampiffier V& well described by the Goldman-Hodgkin-Katz (GHK)

though the limited current-passing ability of theequation for a K current (Fig 1Ad), indicating that the

microelectrodes restricted the range of potentialer o Cth-_senS|tve+ @mponent  of C“Tre”‘ vm_lved _the
which the membrane could be clampethe contractile activation of K* channels whose gating was insemsito

activity of these arterioles could also be recorded using tﬁréembrane potential.This \oltage-insensitivity together

video tracking hardware and sofe of diamtrak with block by ChTx but not IbTx, provides both bigsical
" and pharmacological valence that this component of
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current was carried by ggchanneléﬁ. Apamin similarly hyperpolarized when stimulated with agents such @ A
inhibited a component of current (Fig 1Bb,c) whose I-\and the hyperpolarization was blocked by ChTx plus
relationship was well-described by the GHK equation for apami$l. Furthermore, in the rat mesenteric arteny
K* current (Fig 1Bd). An insensitivity to gating by which myoendothelial coupling is stroig2 use of
membrane potential, together with block by apamirgonnein mimetics inhibited the EDHF response recorded
indicates that this component of currenaswcarried by from the smooth muscleub not the endothelial cell
SK., channels. Inthe combined presence of ChTx plushyperpolarization. Cautioris required in interpreting the
apamin, the EDHF current and relaxation were abolishegffects of the connén mimetics such as the Gap
indicating that the only currents contributing to the EDHIEompounds since tiiemust be used at reladly high
response were those flowing through JKand SK., ~concentrations, and there Jea hkeen very fe
channels in this preparatitn electroplysiological studies of their fefcts on electrical
Ba2* inhibited a component of the holding currentoupling. Neertheless, tagn as a whole, the obsations
whose |-V relationship was irawdly rectifying, typical of of Sandev and colleague® provide critical support for the
K,z channels, and very different to the I-V cesvfor the idea that EDHF is generated in the endothelial cells and
EDHF components of curréfit’ (Fig 2). Ouabain also propagtes via myoendotheliabg junctions to result in the
inhibited a component of the holding current, and its I-\émooth muscle EDHF hyperpolarization and relaxation.
relationship was typical of that for the M&*ATPase, and An endothelial site for the initiation of the EDHF
very different to that for the EDHF currehigFig 2). The hyperpolarization suggests that the;Jkand SK., channels
addition of 5 - 10 mM KCI actsted a current which &as are located in endothelial rather than in smooth muscle
largely blocked by B# 1617 These results indicate thatcells. Indeed,there is very little eidence that 1K,
Kr channels and the N&*ATPase contribute to the channels occur in normal, heajthoontractile smooth
resting current in the submucosal arterioles, and that the Knuscle cells, although electrophysiological amgression
channels can be aetied by the additon of K analysis reeal that IK., channels can occur in cultured
Significantly howeve, these results provide strongcells and during yperplasi&®®4 There is also little
evidence that kK channels and the R&K*ATPae do not evidence that SK channels occur in non-culturedscular

contribute to the EDHF current in these arterioles. smooth muscle cefl888 In contrast, in endothelial cells,

M dothelial dlectrical ’ d the locati ‘ electrophysiology immunohistochemistryand expression
oendotheli ectrical coupling and the location o ;

le do e pling analysis reeal an abndance of I, and Sk,
ca@n ca ChANNELS channel®®  Consistent with such obsetions,

The involvement of Ik, and SK., channels in the endothelial cells which are isolated and not in contact with
a a

EDHF response raises the critical question of where the\é%'scu”"r smooth muscles respond to ACh with

channels are locatedn associated question is whether thgyperpolarization which can be reduced by Ctffxand

. 1 )
endothelial and smooth muscle cells are electricalg;;l'smd by ChTx plus aparfilr?’. Furthermore, EDHF

coupled, since it has been suggested that EDHF m. u;f:éj rellqaxatlgr;; of Ferfused r_nesentenc d?jrtt(ajnets v;/ﬁre
represent electrotonic spread gfpbkrpolarization from the oc when X plus -apamin were added 1o inhe

endothelium to the smooth mustidsee abue). Strong perfusate in the lumen and thus applied seldgtito the
evidence indicates that such coupling occurs in a number dothelial cells, l the relaxations were not blocked when

vessels (recently wewed®). To test this possibility in these K channel blockers were added to the superfi&ate

guinea-pig submucosal arterioles, recordings of membrage)Hr in vivo

potential were made from dye (Lucifeelow)-identified

endothelial and smooth muscle cells. Excitatory junction Despite numerous studies indicating that EDHF is
potentials (EJPs) in response to sympathetic enereapable of eoking considerable relaxation in sma#ssels
stimulation, and action potentials associated witn vitro, an important consideration is whether EDHF is
vasoconstriction, all of which were initiated in the smootfiunctionally importantin vivo. Sgnificant relaxationin
muscle cells, were also recorded from endothelial cellgivo has been reported for an EDHF response at&ibto a
Significantly the responses recorded from the endotheligkoduct of the cytochrome P450 patiyt23-9 and
cells were indistinguishable from those recorded from tH#locked by IbTx, implicating BK, channel4'. This EDHF
smooth muscle cells, indicating that the electrical couplingoes not appear to contife to basal toné vive*l. The

is very strong and that the avlayers function essentially as most widely reported EDHF responisevitro is that which

a sngle electrical syngium!®1” Such electrical coupling is blocked by a combination of ChTx plus apamin and
does not occur in allessels. Morgecently Sandav and  involves IK.,and SK., channels located in the endothelium
colleagues found that in the more proximal parts of thiliscussed ab&). Thein vivo significance of this form of
adult rat femoral arterythere is a lack of both EDHF was ®aduated in the rat mesenteric and hindlimb
myoendothelial electrical coupling together with an absenteds$®. In the presence of-NAME and indomethacin,
of myoendothelial gp junction8®. Significantly, this lack local infusion of ChTx plus apamin seleely into these

of myoendothelial coupling as associated with a lack ofbeds had no &fct on basal blood fW@ or conductance.
EDHF-mediated yperpolarization and relaxation in theHowever, these agents abolished the appreciable increases
smooth muscle, ven though the endothelial cellsin blood flav and conductance veked by ACh and
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Figure 2. Contribution of K, . and Na*/K*ATPase to arteriole currents

a, ACh (1uM) evoked an outward, EDHF cuent. b,the EDHF current was not reduced by28430 uM), or ¢, by the
addition of ouabain (20QIM) in the continuing presence of Ba d, the 1-V relationship for EDHF obtaineddim the cur
rent responses to periodic voffe mmps in panel a, was well-described by the GHK equation fof auktent (smooth
line), but was not affected by Bae) or ouabain plus B4 (f). g, Ba?* inhibited a component of the holding current (b -
a) which had an inwadly-rectifying I-V relationship typical of K channels. hpuabain inhibited a component of holding

current (c — b) with a elatively flat I-V relationship typical of the N&*ATPase Reproduced with permission of The
Physiological Society from Colemahal®.

bradykinin, whereas IbTx &g inefective. These results greater incidence of myoendotheli@pgjunctions (MEGJs)
indicate that in these ascular beds, EDHF does notin SHR$® might explain the decreased EDHF response in
contritute to basal blood flg but makes a significant terms of an increased electrical “sink” for the endothelium-
contritution to eoked blood flov. These effects do not derived hyperpolarizing current. In preeclampsia, a
involve BK -, channels, but are due to aetion of IK_,and pregnang-specific form of hypertension in women, the
SK, K* channels located in the endothelial GElisThese EDHF vasodilator response in myometrial arteries is also
results support and extend an eatriiievivo study in which  significantly reduced and this may represent a failure of its
connein-mimetic peptides, thought to inhibit ag up regulation as occurs in these tissues in the normal
junctions, abolished EDHF-mediated increases in bloatlaptation to pregnayin healthy womer?® .
flow in the rat renal microcirculatiéh Changes in EDHF in diabetesvieateen studied in
o most detail in streptozotocin (STZ)- induced diabetes in
EDHF in disease rats. In the mesenteric bed, the EDHF
Endothelial dysfunction is a feature of a number Orlaype'r.polarlzatlp ﬁéoiml and relaxafuohoo o2 were
diseases and this has prompteesitigations into the dte S|gn|f|cantly diminished 'compared Wlth. responses from
of EDHF in \arious diseases. The effects gfpBrtension control anllma.IS. EDHF-mo!uced 'relax'atlons were also
on EDHF hae keen assessed in vessels from spontaneou§ .U(.:edn vivoin the renal circulation, V.V'th the mostveee
hypertensie rats (SHR) compared with egsels from ficit oceurning In the smallegt arteriolés The EDHF
Wistar-Kyoto (WKY) rats. In the mesenteric arteryhe relaxation was .alscl> |mpa|r§d in the rena}l artg Y OT obese
EDHF hyperpolarization was haid and the relaxation Zucker rats, whlch is an animal mpdel of insulin resistance
significantly reduce®, while in the tail artery the and Typg Il diabeté®". Howeve, in a nouse .model .Of
hyperpolarization was decreased by 38%An increase in Type |l diabetes, thdb/db-/-, the EDHF relaxation of first

the number of layers of smooth muscle cells together Withoéder mesepteric grterigs W.as not diminiéﬁ%d'ndicating
y g that EDHF is not impaired in all models of diabet@he
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mechanisms underlying disease-associated impairment Rdferences

EDHF-attributed typerpolarization and relaxation arar f

from clear and require further studies to determine whethtr AdamsDJ, Barakeh J, Lasy R van Breemen C. lon
the dysfunction arises in the smooth muscle cells, and/or ~ channels and regulation of intracellular calcium in
the  endothelial  cells, and/or  myoendothelial vascular endothelial cellsFASEB J 1989; 3:
communicatiof’®. This knowledge could provide the basis 2389-400. o )

of novel therapeutic interventions in the amelioration of- CanneliMB, Sage SO. Bradykininveked changes in

prevention of vascular complications of these diseases. cytoplasmic calcium and membrane currents in
cultured beine pulmonary artery endothelial cells.

Conclusions J. Physiol.1989;419: 555-68.
. ) 3. Yamanaka A, Ishikea T, Goto K. Characterization of

In mary vessels, abolition of EDHF-attited endothelium-dependent relaxation independent of
relaxation and/or hyperpolarization by apamin combined NO and prostaglandins in guinea pig coronary
with ChTx, but not IbTx, or with a TRAM compound, artery.J. Pharmacol. Exp. Thel998;285: 480-9.
implicate Sk, and IK., as the ion channels carrying theq  Ghisdal P, Morel N. Cellular taget of voltage and
current which underlies the EDHFyperpolarization. calcium-dependent Kchannel blockers imlved in
Biophysical properties of the EDHF current, obtained from EDHF-mediated responses in rat superior mesenteric
voltage-clamp results, strongly support theolmement of artery.Br. J. Pharmacol.2001;134: 1021-8.
these channels and exclude theoimement of other ionic g ChenG, Suzuki H, Vdston AH. Acetylcholine releases
mechanisms such aschannels and the RK™ ATPase, endothelium-devied hyperpolarizing factor and
at least in submucosal arteriolds. some vessels, EDHF is EDRF from rat blood essels.Br. J. Pharmacol.
attributed to a product of the cytochrome P450 pathand 1988:95: 1165-74.
to involve the actation of BK., channels. Haever, the g pgiétou M, Vanhoutte PM. Endothelium-dependent
poor selectivity of may blockers of gtochrome P450 hyperpolarization of canine coronary smooth
pathways and dferences in the actions of various agonists muscle Br. J. Pharmacol.1988:93: 515-24.

applied to stimulate the endothelial cells, means that further Taylor SG, Weston AH. Endothelium-cesil
studies are required to better understand the role of the hyperpolarizing factor: a me endogenous inhibitor

cytochrome P450 pathway in the EDHF response. from the \ascular endotheliuniTrends Pharmacol.
IK., and SK., channels occur in abundance on Sci.1988:9: 272-4.
endothelial cells but not on smooth muscle cells angl cGuire J, Ding H, Triggle C. Endothelium-deed
endothelial cells respond to agonists with EDHIelik relaxing fctors: a focus on endothelium-aed
hyperpolarization. Furthermore, there is  strong hyperpolarizing &ctors.Can. J Pharmacol.2001;
myoendothelial electrical coupling inessels with EDHF 79: 443-70.
responses, but not in vessels without EDHthough the o Bysser, Edwards G, Félétou M, Fleming lahhoutte
range of vessels that\ebeen tested is limitedTogether, PM, Weston AH. EDHF: bringing the concepts
these observations suggest that EDHFNikinvolves the togetherTrends Pharmacol. Sci2002;23: 374-80.
activation of K., channels in the endothelial cells, and thajy | jile TL, Xia J, Duling BR. Dye tracers define
the EDHF hyperpolarization of smooth muscleolues the differential endothelial and smooth muscle coupling
spread of hyperpolarizing current from the endothelium via patterns within the arteriolaradl. Circ. Res.1995;
myoendothelial gap junctions. Somariations between 76: 498-504.
vascu!ar beds and species in the remtaffectwenes; of 11, Béry J-L. Electrical coupling between smooth muscle
apamin, ChTx and IbTx is léky to reflect differences in the cells and endothelial cells in pig coronary arteries.
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