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Changes in EDHF in hypertension and ageing: response to chronic treatment
with renin-angiotensin system inhibitors
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Summary RAS but not blood pressure lowering alone.

1. Endothelial function is impaired inypertension
and ageing and this may be associated with an increasd ritr oduction
cardiovascular diseaseSeveral clinical studies hae fiown ) . )
that blocking the renin-angiotensin system (RAS) inigso Endothelial cells play an important role in the
endothelial function not only inyipertensie patients bt régulation of vascular tone through the release otraé
also in normotense patients with cardigescular disease. factors such as nitric oxide (NO), prostacyclin, and
The aim of the present studyas to test whether €ndothelium-devied hyperpolarising ~factor ,(EDH'j)-Z
endothelium-devied hyperpolarising factor (EDHF) - Although the nature of E[?HF is still cgnwas@, EDHF
mediated smooth muscle hyperpolarisation and relaxatigfPears to be a dominant vasodilator in resistance
are altered in ypertension and ageing, and if so, whethedrteries™® _ o . o
chronic treatment with RAS inhibitors (the angiotensin-  Endothelial dysfunction is associated witarious
converting enzyme inhibitor enalapril and the angiotensig@rdio/ascular risk factors, such as hypertension, ageing,

type 1 receptor antagonist candesartaoylds correct such diabetes mellitus, andypercholesterolemi&’ Endothelial
changes. dysfunction maydcilitate the progress of atherosclerd$is

2. EDHF-mediated responses were examined il;lperepylleadi.ng to cardiescular.diseasé’s.lt is, thereforg,
mesenteric arteries from 12-month-old spontaneousRf clinical importance to find out the underlying
hypertensie rats (SHR) and 3-, 6-, 12-, and 24-month-old“eCha”'§mS of, and fettive treatments for endothe!lal
normotensie Wistar-Kyoto rats (WKY). Furthermore, both dysfunction. Inthe present papethe role of EDHF in
strains were treated for three months with either RABYPertension and ageing and its modulayon by dru'g
blockers or a coventional therap with hydralazine and {reatment — especially the effects of renin-angiotensin
hydrochlorothiazide from 9- to 12-month-olth arteries of SYStem (RAS) inhibitors — will be discussed.
12-month-old SHR, EDHF-mediated responses wer - ;
impaired compared with age-matched WKW SHR, all EDHF in hypertension
the antilypertensie reatments impneed the impairment of Endothelium-dependent relaxation is impaired both
EDHF-mediated responsesyviever, RAS inhibitors tended in animal models of experimental hypertension and in
to improse these responses to a greater extent comparggtients with pertensior?. Several mechanisms ka been
with the cowentional therap with hydralazine and proposed to explain the endothelial dysfunction in
hydrochlorothiazide. Irarteries of WKY EDHF-mediated hypertension: reduced NO production, increased production
responses were impaired at the age of 12 and 24 mongisendothelium-devied contracting factors and increased
compared with those of 3- and 6-month-old rats, with tf@eneration of oxygen-denrd free radical$.
response tending to be impaired to a greateen¢ in Fujii et all® have evaluated the relatie ontribution
24-month-old rats. Three months of treatment of WKY%f EDHF in acetylcholine (ACh) -induced responses in the
until the age of 12 months with RAS inhibitonst mot with superior mesenteric arteries of spontaneougfehensie
a onventional therap with hydralazine and rats (SHR). In this studyhey showed that EDHF-mediated
hydrochlorothiazide impneed the age-related impairment hyperpolarisation and relaxation were decreased in SHR
of EDHF-mediated responses, despite a similar reductionddmpared with age-matched normoteasistar-Kyoto
blood pressure by both treatments. rats (WKY). In contrast, endothelium-dependent relaxation

3. These findings suggest that: (1) EDHF-mediatedia NO was preserved in SHR. Fujii et al. have dso
hyperpolarisation and relaxation decline witypbrtension shoved that neither NO synthase inhibitors nor a
and ageing in rat mesenteric arteries; (2) gpetensie  cyclooxygenase  inhibitor ~ #fcted  ACh-induced
treatment restores the impaired EDHF-mediated responsg@erpolarisation in the rat superior mesenteric artéfies,
in hypertension; (3) RAS inhibitors may be moreyhich suggests that ACh-induced hyperpolarisation is not
efficacious in improving endothelial dysfunction associateghediated by endothelium deed NO or postanoids in this
with hypertension; and (4) chronic treatment with RA§ascular bed. Subsequent studi¢$ confirmed the
inhibitors impraves the age-related impairment of EDHF-impairment of EDHF-mediated responses in mesenteric
mediated responses presumably through the blockade gferies from genetically yipertensie rats. Similar
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Figure 1. (a) Acetylcholine (ACh)-induced hyperpolarisation in mesenteric arteries of 3--@QNK&¢ (WKY-6), 12-
(WK¥12), and 24-month-old Mtar Kyoto rats (WKY-24). ACh was applied under resting conditions without treatment. (b)
ACh-induced elaxation in mesenteric arterial rings gmontacted with norepinephrine (¥f0mol/L) in the presence of
indomethacin (18 mol/L) and M-nitro-L-arginine (10* mol/L) of WKY-3, WKY-6, WKY-12, and WKY-24. Values ar
meatSEM (n=6-10). *P<0.05 vs. WKY-3; tP<0.05 vs. WKY-6; $P<0.05 vs. WKY-12. (Reproduced fromeFalif?

with permission).

obsenations were also reported in the aorta ab-kidney, smaller in 24-month-old rats than in 12-month-old rats.
one clip renal fipertensie rats® and in the renal artery of EDHF-mediated relaxation also decreased with increasing
aged SHRS These findings indicate that EDHF-mediatechge (Fig. 1). In contrast, thereas/ no difference in NO-
responses are impaired iggertension, and the impairmentmediated relaxation between 3- and 12-month-old rEie
of EDHF pathway may account, at least in part, for thage-related decline in EDHF-mediated responses aixserv
endothelial dysfunction associated witiipkrtension. On here are consistent with pieus studies by othef$:2?
the other hand, it has been recently reported that enhandéds, the impairment of the EDHF pathway may account,
EDHF effect may compensate for the loss of NO analt least in part, for the age-related endothelial dysfunction
maintain the vasodilatory response t€hAin mesenteric in rat mesenteric arteries.
arteries of Sprague-Bdey rats fed a high salt diéf. The EDHF pathway does exist in human arteties.
Furthermore, Sandoet al. have reported that the incidence Urakami-Harasaa et al?* have reported that EDHF-
of myoendothelial gp junctions, which enables electricalmediated relaxation & reduced with ageing in human
and/or chemical coupling between endothelial cell angbstroepiploic arteriesThus, the reduced EDHF-mediated
smooth muscle cell layers,as increased to maintain aresponses would also contite to the age-related
functional role for EDHF in caudal artery of SHR. endothelial dysfunction in humans.

The reason for the difference in the results of these ) ) )
studies is not known,ub may in part arise from dérences Effect of antihypertensive treatment on EDHF-mediated
in the type, seerity and/or duration of hypertension. responsesin hypertension

EDHF in ageing Hypertension is associated with endothelial
dysfunction? Endothelial dysfunction may aggate the
Ageing is associated with endothelial dysfunctioprogression of atherosclerosis, which could lead to
both in humans and animal mod&sReduced NO- cardiovascular diseas&® Hence, it is plausible to suggest
mediated relaxation and/or increasegclooxygenase- that the imprgement of endothelial function will reduce the
dependent constriction could partially underpin age-relatedtcurrence of cardi@scular disease. Although \&eal
endothelial dysfunction depending on the species and tbeidies found that anffpertensie teatments impne
vascular bed studietf. In the present stugyage related endothelial function both in animal models aperimental
changes in EDHF-mediated yperpolarisation and hypertensiof and in patients with ypertensiorf® the
relaxation to Ah were studied in the superior mesenterieffects of chronic antypertensie treatment on EDHF-
arteries from 3-, 6-, 12-, and 24-month-old WK¥! mediated hyperpolarisatiqrer seare unknown.
EDHF-mediated hyperpolarisation was significantly smaller The effects of chronic antjpertensie reatments on
in arteries from 12- and 24-month-old rats compared witiDHF-mediated hyperpolarisation and relaxation were
3- and 6-month-old rats, with the response tending to bested in the mesenteric arteries of SHR SHR were
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Table. Systolic blood mssue before and after 3 months oféatment. ®ues ae nean+ SEM. Thee were 7 to 12 ats in
ead group.

Blood pressure (mmHg Blood pressure (mmHg)

Before After Before After
SHR-12 24%6 253t6 WKY-12 1504 1565
SHR-12-H 2426 1636 *T WKY-12-H 158t4 124:4 *§
SHR-12-ENA | 2455 1356 *t WKY-12-ENA | 15#3 123t6 *§
SHR-12-CAN | 2397 1206 *t% WKY-12-CAN | 1533 1252 *§
SHR-12-C&E | 2467 1183 *t%
WKY-12 151451 | 15544 t

* P<0.05 vs before treatment;Pk0.05 vs SHR-12; £<0.05 vs SHR-12-H; £<0.05 vs WKY-12
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Figure 2. (a) Representative dcings showing hyperpolarisation to -1@nol/L acetylcholine (ACh) under conditions of
depolarisation with norepinephrine (20mol/L) in the presence of indomethacin f1fol/L) in mesenteric arteries of
untreated 12-month-old spontaneously hypertensate (SHR12), SHR treated with a combination of hydralazine and
hydrochlopthiazide (SHR-12-H), enalaprildated SHR (SHR-12-ENA), candesartan-treated SHR (SHR-12-CAN), SHR
treated with a combination of candesartan and enalapril (SHR-12-C&E), and untreated 12-montistatdkiibto ats
(WK¥-12). (b) ACh-induced relaxation in mesenteric arterial ringgpontacted with norepinephrine (Fomol/L) in the
presence of indomethacin (10mol/L) and N-nitro-L-arginine (10* mol/L) of SHR-12, SHR-12-H, SHR-12/&N
SHR-12-CAN, SHR-12-C&E, and WKY-12. ValuesregantSEM (n=8-12).*P<0.05 vs. SHR-12; 1P<0.05 vs. WK'?;
1P<0.05 vs. SHR-12-H. (Modified from Getoal,'* with permission).

treated for 3 months with either the combination obby RAS inhibitors was significantly greater than that with a
hydralazine and hydrochlorothiazide, enalapril, amcornventional therap with hydralazine and
angiotensin  corerting enzyme (ACE) inhibitor hydrochlorothiazide, despite a similaor only a slightly
candesartan, an angiotensin type 1 (AT1) receptgreater reduction in blood pressuralfle, Fig. 2). These
antagonist, or the combination of enalapril and candesartasults suggest that in addition to blood pressureiing,
from 9- to 12-month-old. The combination ofdralazine inhibition of the RAS may play an important role in
and hydrochlorothiazide impved EDHF-mediated improving endothelial functioft4

hyperpolarisation and relaxation to a similardeo that of Although both ACE inhibitors and TA receptor
WKY. Interestingly howeve, the improvement achieed antagonists inhibit the RAS, each drug has its specific
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Figure 3. (a) Representative dcings showing hyperpolarisation to 1@nol/L acetylcholine (ACh) under conditions of
depolarisation with norepinephrine (20mol/L) in the presence of indomethacin “t1@ol/L) in mesenteric arteries of
untreated 12-month-old Wistar Kyotats (WKY-12), WKY treated with a combination of hydralazine andtiyidroth-
iazide (WKY-12-H), enalapril-treated WKY (WKX-ENA), and candesartan-treated WKY (WKX-CAN). (b) &£h-
induced relaxation in mesenteric arterial ringsepontacted with nogpinephrine (18 mol/L) in the presence of
indomethacin (16 mol/L) and N-nitro-L-arginine (10* mol/L) of WKY-12, WKY-12-H, WKI2-ENA, and WKY12-CAN.
Values ae meantSEM (n=6-12).* P<0.05 vs. WKY-12; T P<0.05 vs. WK¥-H. (Modified from Gotet al,3! with per
mission).

pharmacological profiles: @E inhibitors preent the Effect of renin-angiotensin system inhibitorson EDHF-
degradation of bradykinin, a peptide that inducesnediated responsesin ageing

endothelium-dependent  relaxatiédn AT1  receptor ) . ) ) )
antagonists block the action of angiotensin fardless of ‘Endothelial dysfunction associated with ageing may
its generation pathay?®, under blockade of AT1 receptors, cOntribute in - part to the frequent occurrence of
angiotensin Il may stimulate unopposed angiotensin typec@rdio/ascular disease with ageing in humari$wus, it is
receptoré’ However, in the present stugyenalapril and cI|n|caIIy. relevant to preent or reverse endothelial
candesartan were equallyfeftive in improving EDHF- dysfunction  associated ~ with ~ ageing.In  SHR,
mediated responses, which indicates that the specififtinypertensie reatments with RAS inhibitors tended to
pharmacological profiles of each drug may not play a maj§f more dective in improving endothelial dysfunction
role in improving EDHF-mediated responses in ragompared with corventional antilypertensie dugs™-4
mesenteric arteriesKahénenet al?® also shoved that an 1h€se observations led to the hypothesis that RAS
ACE inhibitor and an AT1 receptor antagonist imthe inhibitors may hee a fvaurable effect on endothelial

EDHF-mediated relaxation to a similattent in mesenteric function independent ofts blood pressure loweringfect.
arteries of SHR. The effects of RAS inhibitors on age-related

Several recent clinical studié%¥have reported the impairment of EDHF-mediated responses were studied
beneficial effects of the combination theyapith an ACE ~ USINg mesenteric arteries of WKY®2 WKY were treated
inhibitor and an A1 receptor antagonist. In the presenfo” 3 months with either enalapril, candesartan or a
study howeve, the combination thergpdid not appear to combination of kdralazine and hydrochlorothiazide from
have cefinitive alvantages wer each therap in improving 9~ 10 12-month-old. ~All the treatmentswered blood
EDHF-mediated responses (Fig. 2). pressure to a similarxtent (Table). EDHF-mediated

In summarythe abee data indicate that: (1) chronic YPerpolarisation and relaxation were imyo in the
antihypertensie teatments restore the impaired EDHFENalapril and candesartan treated groups. In contrast, a
mediated responses in SHR: (2) RAS inhibitors may f@mbination of hydralazine anddrrochlorothiazide diled
more efective in improving endothelial dysfunction; and t0 improve edothelial function, despite a similar reduction
(3) the combination of an ACE inhibitor and arr1a in blood pressure (Fig. 3). These findings suggest that RAS
receptor antagonist does not seem to be méegetee han inhibitors restore the age-related impairment of EDHF-
treatment with either drug alone. The clinical vafee of Mediated responses presumably through the blockade of the

the present finding remains to be determined. RAS per se dthough we cannot totally rule out the
possibility that both RAS inhibition and blood pressure
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lowering are required for the imprement of endothelial
function. Thus,RAS inhibitors may sees & rnovd tools
with which to preent endothelial dysfunction associateds.
with ageing.

Futuredirections 6.

Because of the unidentified nature of ED¥FRhe
mechanism of the alteration in EDHF associated Witﬂ'
hypertension and ageing remains specdatiLikewise,
hov RAS inhibitors impree impaired EDHF-mediated
responses remains an open questidowever, considering
the critical role of gp junctions in EDHF-mediated
responses in rat mesenteric artéfié$ impairment of the
EDHF pathway and its impvement by RAS inhibitors
could be associated with structural and/or biochemicgl
changes in gap junctions. This notion may be supported %
the recent report by Rummengt al3%hat shaed
expression of connéns, which comprise gap junctions,
were decreased in the endothelium of the caudal artery in
hypertension. Whetheimpairment of EDHF-mediated
responses in disease states is aitaible to abnormalities of
gap junctions avaits further studies.

8.

Conclusions

EDHF mediated hyperpolarisation and relaxation
were impaired in Ypertension and ageing.Chronic
treatment with RAS inhibitors restored these impairmentgp
and RAS inhibitors appear to Ve a fivaurable effect on
endothelial function bend its blood pressure vering
effect. Thus, RAS inhibitors may h&e a herapeutic
potential in the pneention or treatment of cardiascular
diseases.
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