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Alsstroct

[n experimental scliings, angiotensin I1 has been reported 1o interact with the sympathetic nervous
system both centrally and periplerally, Direct evidence for this mechanism is limited in humens, We have
examined the effect of AT1 receptor Blockade on plasmn woeadrenaline during isometric handgrip exercise in
healthy young volumteers. This stody investigated the efTects of five davs pretreatment with [50mefday
iebesartan, o seleclive AT L-recepior antagonist on plasmo necadrenaline during isometric hondgrip exercise in
ine healthy male volumieers {mean age 24.4 £ 0.2 (3D} vears) in a double Blind randomized crassover study, A
match placcho was given Lo coiirsl group. The resels showed thar irdesaron Jid not affecl Tesling
hzemodynamic and plosmp poredrenaling levels. However, lebesaman prelreatment Blunted the increaze in

£ 15.8 0 219.8 £ 15,1 pp'mi; irbesartan vs pleceho, p=0.01), [ibesaran pretreatment also blunted the biscrcase in
mean arterial pressure during exercize (placeho, from 88.6 & 2.8 1w [00.% £ 4.0 mmHg; irbesartan, from 854 £
3.0 10 B89 £ 3,4 mmHg; irbesarian vs plaoebo, pe001), These dala indicated o benelicial effect of AT -blocker

on sympathetic seliviy dunisg the simulus of isometriz handgrip exercize in humans,
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Intraduction

The development and suceessful application of
angiotensin 10 teceplor antagonist therapy  for
coirgestive eart fiture hos Focused alention on the
rale of angiotensin 11 in circulatory control in this
disease, In experimental sertings, angiotensin 11 has
been reported 1o intemiet with the sympathetic
pervois system bath centrally and peripherally. [1is
widely known that there exist the  interaction
between  repin-angiotensin syslem  (RAS) and
sympathets nervous system (SME) at some levels,
Angiatensin 11 hos been shown 1o sct on the
sympathetic nervous system w1 the level of brain
ond meedulle {Campbell, 1959} and to modulste the
arlerial bharoreflex through o central action (G,
1984%, Apgictensin 11 has alsp besn proven o
cnhance  mocadreneline  bicsyothesis  in the
adreitergic neeve terminal (Boadle, 1968), faciliate
norodrenaline relepse (Stocke, 1977, inhibit the
renpiake of poradrenaline from sympothetie nerve
terminals (Khairallah, 1972 Palaic, 267 and
polentiate the pastsynaplic responsivencss o
poradeeialine  {Lang, 1993 Seidelin . L9ET;
Timmerman, 1984), [ addition, enpiotensin (1 <an
elicit noradrenaline release from the ehromaflin
tissue (Bernier, [97T), Angiotensin 1T faclivses the
exgoyiotic  relesse of nonsdrenading  from the
presvnapile sympathetic varicosities, acting through
AT receplors (Brasch, 1993) Thus, inhilvition by
AT, receplor-blacker would be cxpected to lead 10
a decreasze in the relense of norodranaline,

Moreover, a2 an AT)-irhikitor, irtesaran has no
effect on bradvkinin and prostaglandin (Gillis,
1997} This is an important bersfit of AT-
inhibitors, becawse, bradykinin cavses the [ocal
refense of pewropeptides such as Substance P
which stimulote specific receptors on sympaibetic
nerve teeminals and  thus release noradrenaline
{Seyedi, 1999].

[t is hypotlesized that the more complate blockade
of angiolensin I effects and lack of effect on
bradykinin may completely BUJIFEEE
catecholamines. To tesl (his hypothesiz we hove
exomined the telease of soradienaline  during
isonsctric  handprip exercise i heabhy vourg
volupteers, In hes sludy we investigated ihe ability
of AT-blocking, with irbesaran, o modulate
sympathetic  activiey both ot rest and  diring
isometric kandgrip exercise.

Mlethods
Subqecs

Mene heabby, pecimotcnsive male subjecis (mean
ape 24.4 2 0,2 years) were stedicd. Medical history,
physical  exomination,  and  elecirecardiogram
extablished thar each subject was ftee of clinically
significant abnormalitios, Subjects did nol ke any
medicalion for &l least two wecks before and
throughout the duration of the stedy. All subjects
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gave wrillen informed consenl o the  study
prowacel, which had been approved by the loeal
ethics commiizes,

Eluly Design

The study was desipned 83 & deuble blind within
subject plocebo controlled irial, Subjects were
randomized to receive eilher irbesaman | S0mygiday
(Aapprovel, Sapoli-Synihelabo, FR) or matched
placebo for five days. The study consisied of two
sudy limbs with at least ore week between cech
investigational day. So that, in each study lirmb
there was five study doys with the Investigational
day an the fifth duy.

Each woluniesr was asked 1o sdhere 10 his
customary diet for the duration of (he stedy and
einlain a similas pattern of meals for the 2448k
belore each lnvestigational day. Sodium iniske wes
not strictly controlled and his sodivm sizlus wos
asgessed by estimztion of 24h ubnory sodium
exerelion. Aleolol was prohibiled over the previogs
36l of the investigational day, Cigarelte smoking
and eaffeine containing drinks such s len, coffee,
chovolate, cocz-coln were prohibited op  the
moming of the investigotional day.

All suwdies were performed on the morning of the
fifth <fay of each study limb afier on avernight fast,
with the swbjects resting in a siting position in a
quiet room in the Clinical Investipation Center. An
intravenous caniule was placed in the anrecubital
fosza of lefl arm for drawing blead samples. They
weze insiructed 10 swallow the last tablet of either
irhersorlan  or  placebo.  depending  on  their
mandomization,

AL 1040 AW pretest Blood pressure ard hearl mie
were recorded  wming @ semi-aotematic
sphygmemanameter (Colin Corporation, Tokya,
dapan) and  blood somples were  drawn  for
deterimination of  pre-exerelse noradrenaline,
Subjects were ther asked o perform isomedric
handgrip exercise with squeszing a dvnamormeter 1o
Eauge strength of 30% of peedetermined voluntary
maximal contraction Tor three minutes. They were
insiructed 10 count aloud 1o avaid @ Valslva
mancuver, Blopd pressure and hearn rate were
recorded 2 minwtes inte the exercise and venoes

blood samples were drawn  again from  the

exerclaing arm ot 2 minutes wnd 43 seconds.

Blood collection and analyzis

Blood samples were collecied into vaccutainer
tubes containing lithivm heparin s anticoagulant
for meosurement of plasne pordronoline. Blood
samples were placed immediately in jee-cold Box
and Lransported 10 laboratory, Blool samples were
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then centrifuged @i 3000 rpeman 4% For 5 miseles,
Plesma were separnied and Sored at -70°C 1)
annlvsis.

Plasma noradrenaline wis mepsured by o Gos
Clromsiography — Mass Spectromeler [Shimadzu,
Japan} as previously deseribed (Hermaon, 1999}
The infra-assay coefficient of variufon was 4.07%
ond the inter-mssay coefficient of variation was
A31%. The lower limit of delection of the assoy
with [lpa'ml. 24-he urinary sodium exeretion was
mensured by the Cuikiyle integraied mullisensos
(Quiklyte, Dade Behring lee, Newark, USAL The
itra-day coetficient of variation was (L65%: the
inter-day coofficicnt of varinlion was 0,74%,

Atntistical apalysis

Cata were managed and aralyzed using the SF55
program, Al valves e presented as mesn £ S0,
The satistical significance of e diffeccnees was
evaluated with two tailed Student's ¢ test for paired
and wnpaired values; p values of less than 0.05 were
sonsidered as statistically sipnificant,

Results

Mone of the wvolumeers had abnormalities in
casdiovascular examinstion and in haemedvnamic
measurement  at baseline. Twenty  Four  hours
sodium excretions were mol significantly differen
between pluceba and irbesartan pretresiment, pei.]
(Tahle 1),

Effects of ithesartan on resting haemodynamic and
resling plasmin noradrenaline concentration
Irbesartan pretrestment did ot significantly alter
resting  Bocmodynamic  and  resting  plasm
roradrenaline concentration {p=0.1) {Takie 1),

Effects irbesaran o haemodynamic and plasma
nordrenaline during isometric handeri p exercise
The increase in mean arterial pressere induced Iy
isomotric  handgrip  exercise was  significantly
Blunted by irbesartzn pretreatment {from 85,4 3.1
mmHEg ot bascling 10 889 ® 34 mmllp during
exercisel; compared o ploceba (from 836 + 2.8
mmHz ac baseline to 1009 = 440 mmHg duing
exercie (pe005)) and irhesartan vs  placeho,
peidl (Figure 1), However, there was no
significant  differences  belween  placebo  and
itbesirian pretreatment In the increase in hear mte
induced By isomerde handprip exercise ((placeba,
frem 60L1 £ 3.7 beatsmin o 7007 £ 4.1 benes’ min
[P0y drlesarien, from 396 £ 3.3 bBeals'min o
Tl £ 19 beats'min (p=005% and  placels
compaored 40 irbesartan p=0,1) (Figure ).
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The increase in plosma norsirenaline concentration
incuced By [zomeiric handgrip exercise wag also
significantly  Blunted by irbesaron  prefreatmenl
{from 2129 £ 158 pp/ml 12 2108 & 151 pgmil
{p=0.131; compared 1o placebo {from 2253 & 9.6
pel to 26TZE & 164 paiml (pehOlE o and
irbesartan vi placeba, pe0.01 (Figune 3).

Mscwscion

A nuinber of studies reported that angictensin 11 is
capable of interacting with the sympathetic nervous
system ot vorious levels. In onaesthetized animals,
coqe stedies shown o facilitatory  effest of
endogenowes angiolensin 1l on renal and fotal
noradrenaline overfow (Majewskl, 1984, Hayashi,
1991; Stead, 19590) alhough this i nor 2 weiversal
finding (Platzack, 1993 Doward, 1991 In
huinans, mast enrly studies focused on the effects
of  exopenously  administered  angiotensin [0
Seidelin et al  suppesl  that  dhers B5oa
pharmacedynamic inberaction betwesn
nordrealine  and  angiotensin 11 whick  acts
synergislically &l a postsymaplic site 10 maintain
svetolie blood prsure, Webb e ai (Webb, 18ER)
have shown that intrebrachial artery infusion of
subpressor doses of engiotensin 11 augmented the
svmpathetically mediated vasoconstristion induced
by lower body npegalive pressurc. This study wis
suggested a pro-junctional effect, beciuse there was
na chonge in forearm blood flow with angiolensin

[[ infesion alone ard the wasoconstricter effect of

intra-arteeizl roredrenoline was ool enbanced by
cospdminisiration of angistensin 11 Another study
{Clemson, 1994} demonsirated  an increosed
forearm  venous  notodrematine  and  forcarm
noradrenaling spillover when angiotensin 11 was
infused intra-arteriolly during lower body negative
pregsure, which supporting o previous study by
Taddei ed o (Taddei, 1991} in bhyperensive
individuals. However, Ooldsmilh e & (Gioldsmith,
[%33;  Coldsinith, 1990} foiled to find  tha
angiviensin 11 facililated poradrepnaline release in
infravenons infusion of engiotensin |1 during rest o
G-degree upeight tilk in normal subjects and i
patients with heor failure.

Lang o af [Lang, %47 showed thor an angiclensin
converling enzyme (ACLE) inhibiter, caplopeil, did
not Blunt SMS activity and suggesied that the lack
effest of ACE inhibilior likely related 1o the eiloct
of bradvkinin, ACE inhibitors bave been reported
10 inoresse circilating bradykinin (lohnston, 1952),
Bradykinin  capses  the  local  release  of
neropeptides.  such o5 Substance P. which
stimulpte specific receplars on sympathetic nerve
ermimals and thus release noradsennding. The
important benelit of irbesartan as an AT -inhitater,
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that il leas mpo  effcer on bradykinin  and
prostaglawdin {Gillis, 1997,

The present study was desipned fo adminisier live
days pretreacment with irbesaman, an AT,-selective
inhibitee, allowing the effects of AT-blockade an
neursiransmission to be defined (e, 1988),

We found that irbesasian pretreaiment did not aller
resling  heemodynumic  porsmelers and  festing
plosma  norsdrensline. Howewer,  drbesaran
peclrearment significantly blunted the incresse in
menn arierial pressure and plasima poradrenaline
induced by isometric hondgrip exercise, [ means
that  irbesartan may  inhibit the release of
nareplneghrine  from  presymaplic  {ferminals  of
sympathetic nervous svstem which induced by
isomelric handgrip exeecise with the. addidonal
offect the decrease in meon arlerial pressure, The
effects of irbesartan are through the inhibition of
angiotensin 1L As deseribed that there exist the
interaclion  betwesn  menin-angiotensin svsem
(BA%) and svmpathelic nervous system [SME) a1
same levels. Angiotensin 11 has been shown to act
on the sympathetic pecvous svsters at the level of
brain and medulla (Campbell, 1982 and o
modulate the arerial bororeflex throwgh & cendeal
aefiom (CGuoo, 1984), Anrgiotensin 10 bos also been
proven f0  enhonee  poradrenaline  biosynthesis
(Boadle, 19690, focililates  the  release  of
recadrenaline (Swarke, 1977 Bernier, 1997, inhibit
the rewptake of nocadrensline from syinpathetic
perve terminals (Khairallah | 1972; Palzic, 1967)
and pofentiate the postsynaplic responsivensss (o
notadrensline (Lang . 1993; Seidelin |, [9E7,
Zimmerman, 19843 it acting through ATj-recepiors
Brasch, 1993).

Qur findings wauld suppost these of Rodrigues-
Gorein et wl (Rodeiguez-Garcia,  [5), They
showed that o single dose per omal of 30 mg
Insartan, also aik AT 1-blacker, atlenuated the rise of
dinstolic  pressure,  heart  rate, and  plasma
noradrenatine during, cold peessore test in pationts
with chranic Tweart Failure. Tegelher chese data
sugrest Lhal there exist an important interaction
petwesn the renin-angiolensin system {RAS) and
the  svmpathetic nervaus  syslem (SME} L
presynaplic site in man aod that sglective blockade
of ATl-receplors has the beneficiel effects of
suppressbing svinpathetic activity,

Conclusion

We have demonstroted a polential effect of
irbesartan, @ specific AT -blocker on sympathetic
aclivity  in lwmans.  Itheserian pretreatment
sipnificantly hlunted 1he fncrease in mean dricrial
pressure and plasma noradrenaline during isometris
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hindgrip exercize. We concleds 1hal our reselis
support the wodion that there exist an important
interaction between the reain-angicicasin sysiem
aid the sympathelic norvods sysiem at presynaptic
sile in man, Our resuls also support that oeore
camplete blockade of angiotensin 10 effects and
tack of effect on bradykinin mav compleiely
suppress ihe release of noradresalins,
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Tabde 1, 241 wrirary sodium excretion and boseline data of haemodynamic and plasma noradrenaline

coneeatizlion
Plaseba Iebesarian
b urinary sodiuny excretion (pmelfmin) 1004 £ (4.0 0117
hean arferial pressure (pamHe) f80£138 3341310
Heart rabe (boois per minute) a1 =3.% | SRhG+x3.3
| Plazma noradrenaline concentration (pg'mi) 253+ 194 | 20 e |55

Fooinote: Results ore expressed as piean £ SEM;

Mo significant differences were found at boseling betwoen the twa groups,
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’7 P<0,01 ——
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Figure 1 ¢ Effect of isbesarian on mezn arerinl pressure response bo (sometric hondgrip exercise
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Figure 2 ; Effect of irbesartan preiceatmsnt on hearl rie respanse to isomedric handyrip exercise
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Figure 3 ; Effect of irbesartan pretrestment on plesma noradrenaline concentration
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