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Abstrace - We imvestivated eonteaetion to novadvenading (NA)
e KOU wnnd semsitivity of WA we the fevel of larger vessels
(Hheeraeic aerta and veme cavay Ieft renal artery and Ieft renal
vern; disderal saplenons artery and Sferad saphenows veln and
Siwally contral car artery and apaegingl eae vein) inoa model
devised to mimie et foadliee, The model presented here 7 the
ralbit covenary lpatien srsdel (o which svocardial Infarction
war prosineed e male New Zeland white rabbits (2,6 Kp-3.0 Ky)
By ligetion of e meargingl braech of dhe Ieft descending
covanary artery. The developmend af clrosic Reaet failnee was
allewed to procecd over eight oweeks, Anisls were killed by
averdose with penfobarkitope sodive (v Tnjection ), Arferies and
veiny wore corefully remeved with ax Witle conrective tivsue ax
possiblie amd pleced in cold physicdogical salt solpfion (PS5). The
arferinl and venous piags were sovsted n T sl Bedated organ
buths, bathed fn Kerby madniained o 377 ¢ with 95% 05 plus
§% Oty The rings weree then ploced andee different resting
tensions, After fuitiel application of fension, Ussees were Toft to
equilibrate for a 60 wie peviad. 1Teen all tssues were exposed 1o
af MNA O IaM-300pM) Following

comrplete wiisleoed, tie prepeections were Wl for d5 mietes to

camliiive  concenfrisfion
respguilibrate. Thew all preparations. were contracted witlt KT
(Kechs solufion, sodiwm Jree and Kigh KCL T25 mM) and
wllowedd fo contract for 500 min, Follewing complefe washon
with el Keehs cin adeditionad 30 mfeeites cquilibeation peciod
wirs affowed, Then  comelafive  coneenlralion-response chrves
(CCRCY o NA adtafned by dvcreesiog the copcentration of the
agatitst G ferlf-log fncresieids, T confirolion respetises fo YA
aortia,  owr arfery amd eer vefn were Mo mest sensitive
Freparalions fF”E vileees: W96, 704 and F8 respectively ). Renl
artery s aorta lad relafively very erpe meximan respenses fo
A e

sl vein Tead  preafes! sraximum vespense anmong e

[y arterfes (T el dAp respectively)  aed
vedny (X%gL The reselis Sed e fwo magor cenclusions wilh
respect to e mowdell Fiesd, vasevsirictions o soeadrenaline
warre slered, Second, comtraciiony e KOCT 7E25 mM) were
preserved G lepe vessels farferiey aed ovefnk] da eorosary
fgeted rubbits affer ¥ weeks compeared with o normal confrol
praptilation,
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INTRODUCTION

Chronie  heart ilure s a0 clinical  syndrome
characterised by the inability of the heart 1o provide
adequate nuirient supply to metaholically active Hssues
(1] Sudden cardiac death claims an estimated 330,000
Irves per vear o the Undted States and Between 30,000
and OO0 lives & vear in the United Kingdom. “There
are numerous underlying diagnoses in patients suthfering
sudden cardiac death. Tn 73% of cases, the underlying
pathablogy cousing heart failure in patients with sudden
cardiac death is coronary heart discase (27, 11 has heen
deseribed s o condition of geperalised neurohumaorl
excitation, characterised by activation of the sympathetic
nervous and  renin-angiotensin systems,  increascs  n
pliasnne vasipressin concentration, and parasympathelic
withdrawal {34, BElevated  plasma noradrenaline
resulting from inereased  noradrenaline release and
decresed noradrenaline reaptake can act as natural
agomist on vascular OF - adrenoceptors, which mediane
wasnCOnstriction in vascalar beds (57,

Several animal madels of human congestive beart
Bailure (CHFY have been developed mooattempts o
reprocuce these  [eatures o $ludy  the  pathogenic
muechanisms  involved o this  disease, The coronary
artery acclusion model of heart failore o the rat bas
been extensively studied. The model has been wvalidared
by the measurement of hacmodynamic wariables (6.
Eapic ventricular pacing i the dog has been shown o
fulfit the  clinical, radiographic and  haemodynamic
definations of congestive hearl Bilure (7). Pigs share
similar cardiae anatomy and coronary vasculture o that
of humang, which makes them soitable for the stody of
human disease processes (8], Cordiomyopathic male
of o the  BICY O TO)-Z e
expernmental model  of  CHE characterised by
progressive mynoyiolytic necrosis of cirdiac muscle are
avitilahle in study of congestive heart failure (CHEY) (9,
In coronary Egation model 8 has become recognisel
e collateral Now 15 the moest impartant determinant
of the rate and extent al cell death within an ischaemic
sone. Collateral flow in the rabbit has heen shown (o be

hamstars sbrain, o




essentially very poor, similar to the human and pig ( 10),
Since in T3% of cases, the underlying pathology causing
heart failure in patients with sudden cardiae death is
coronary  heart disese this model produces  similar
circemstance to coronary heart disease, Several studies
that iovesligated €r - adrenoceptors in heart fulure
reported  conflicting  resulls o experimental  hearnt
failure. Some of them suggested downregulation of
cf-adrennceptors probably due (o receplor exposure 10
elevated  catecholamine  levels (11,023, Some  other
reporters found no difference in density and sensinivity
of o - adrenoceplors between  experimental  heart
failure and comtrol groops (13,14) Therefore, the aim
of our study was 1o investigate the possibility  of
changing density and sensitivity of € - adrenaceplors in
this model of heart tailure.

MATERIALS AND METHODS

The model was  prepared by M. Hicks and
co-workers in the Roval Infirmary, Glasgow, Myocardial
infarction was produced in male New Aeland white
rabhits (2.6 kg - 3.0 kg) by ligaton of the marginal
branch of the left descending coronary artery, The
development of chronic heart failure was allowed o
proceed  over eight weeks. Sham operated  animals
underwent o simalar procedure bul po o ligation was
performed.  Animals were killed by overdose with
pentobarbitone sodiom (i imjection). Arteries and
veing were careflully removed with as little connective
tissue as possible and placed in cold physiolosical sl
solution  (P55). Four paris of areries and  weins
{thoracic aorta and vena cava: left renal artery and left
renal  wvein;  lateral  saphenous  artery and  lateral
saphenous vein and  finally  central ear artery  and
marginal ear vein) of the sham operated with mean
ejection fraction of (705 £ 2.13) and coronary ligated
rabhits with mean gjection fraction of (265 * 4.4), as
determined by echocardiography, were studied. The
arterial and wvenous rings were mounted in [F ml
isolated organ baths, bathed in Krebs maintained at
ATe and gased with 95% (O plus 5% C0O5 Blood
vessels were used immedianely. The rings were then
placed under different resting tensions which  were
deremined by contraction 0 NA (1 pgM) from some
preliminary  experiments. After initial application of
tension, lissues were lell e equilibrate for @ 60 min
pericd. Then all tissues were exposed too cumulative
concentrations of NA (1 nM - 300 uM) Following
complete washout, the preparations were left for 45
minutes o re-equilibrate, Then all preparations were
contracted  with  potassium  chloride  (KCI (Krebs
solution, sodium free and high KO 125 mM) and
allowed 1o confract for 5-10 min, Foellowing complete
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washoul with normal Krebs, an additional 30 mimutes
eguilibration  pericd  was  allowed. Then  cumulative
conceniration-response curves [COBC) o MA obtained
I increasing the concentrution of the agonist in halt-lig
increments. Contraction (0 NA in each coneentrition
allovecedd [ve minutes 1o reach maximuom. Response 1o
eiach contractile agonist 1§ expressed as absolute tension
(23 All dita are piven as mean £ SEM. Significance
wis always accepted ot the 0L05 level of probabliny,

Solutions and Drogs

The compasition of the madified  Krebs-Henselite
solution was as follows: (in mM): NaCl 1184, NaH OO,
25, KO 4.7, KH,PO, L6, MgS0, 06, €aCl,-2.5 and
glucose L1 Nay EINTA (23 aM) was also mcluded in
the Krebs inoall expeciments o prevent degradatinee
oxidation of NaA and propranclol (1 aM) and cocaine
hyvdrochloride (10 uM) were also included o inhibit ﬁ ¢
adrenaceptors and neuronal uptake of NA respecteeely.
The  following  compounds were wsed: () -
noradrenaline  bitrale  (sigma); propranolel TLCT
(Sigmia; cocaine TTCL (Mac Carthys). All drogs were
dissolved in distilled witer. All concentrations of the
drugs vsed are expressed as final concentration in the
organ bath,

RESULTS

Contraction to NA

Initialy ol tissues were  exposed 100 cumulative
concentrations af NA (1 nM-300 pM), Aorta, ear arery
and ear vein were the most sensitive preparations (pll,
values: 290, 704 and 78 respectively). Renal artery
and acrta had relatively very large maximum responses
by NA among the arteries (6.7 and 4.3 g respectively)
anc saphenous vein had greatest maximum response
arnong the veins. Inovasoconstriction to NA, there wias
no  difference between coropary  ligated and  sham
operated rabbits afier 8 weeks operation [ Table 1.2},

Response to KCI

All preparations were contracted with KO (Krebs
solution, Na free and high KCL 125 mM) and allowed
o contract for 5-10 min, Contraction 1o KCLin the first
or second test showed no significant difference and
arteries except sapheoous vein had greater contractions
compared  with - corresponding veins.  Renal  artery,
saphenoes vein and aorta had the greatest masimum
conteaction (7.5 and 4.2 respectively). However, the
response 1o KOCL was similar in coronary ligated and
sham cperated rabbits after # weeks aperation {Table
3.



Vascular reponsiveness o NA in CHF

Table 1. Comparison of noradreneline pld; in four paris of arleries and veins of the coronary ligated and sham operated rabbits

after & weeks operation

Wossel pli, pliy Pl nly
1 st RO I st CCRC 1 s CCRC 1 st CCRC
0 NA sham w NA sham 1o MA sham to MA sham
Aarta 64+ D08 672 £ (.28 709 £ 007 698 = (25
Wena cava 623 = 018 595 = 115 HAF £ (.23 58 + 022
Renal artery 607 £ (08 6ll = (Lls 634 = 0.11 657 = 0222
Renal vein fdh = 021 6,29 + 0,17 651 £ 015 LXLIRES R
Saphenous 643 = .13 672 = L18 ndn + 0,08 669 = 0.11

artery

Saphenous vein BB = L6 6334 = .17 A4 = E 028 + (.15
Ear artery T4 £ 003 b.65 = 0.2 634 =+ 014 G0M = (013
TT2 = (L13 THY + T.77 = 014

Ear vein TR = 025

(Lt

Pl expressed as the - log of e ECg, {concentration producing S0% of the maximum response) of noradrenaline (NA). Initially
all tissues were exposed Lo cumulative concentration of NA (1 M - MK g M) Follosdang washout, all preparations were contracted

with KOl (125 mM). Following washout preparations were exposed cumulatively o NaA

Each point represents mean * semean (n=).

Table 2. Comparison of maximum response cxpressed as tension (2] of noradreneline in four paris of arteries and veins of the

coranary ligated and sham operated mbhits after & weeks operation

Vessel Maximum response Maimum response Maximum response Maximum respeimnse
1 s CCORC 1 st CCRC 1 st CCRC 1 st CCRC
to MA sham o WA sham e NA sham o A sham
Anria A = 036 ST+ 073 bd = 054 643 = 101
Vena cava 1% £ 0,33 1.56 % 016 1.5 =03 1.74= 0.21
[enal artery 671 & (Lh] hbs = 032 Thl £ 062 TAT £ 049
Fenal vein 148 = 019 .o+ 038 154 = 024 208 + 0,73
Saphenous M x 034 291 £ 019 253 + 041 135 = 03

artery

Saphenous vein 24892 = 034 3l + 049 332 = 043 363 £ 0,53
Liar artery 1.79 = 029 1.37 + 1% 22 = 0. 1.72 = 0.3]
Far vein 02 + M 0.3 > 006 45 = 007 046 + 005

Initially all tssues were exposed (o cumulative comcentration of NA (1 oM - 3 uM). Following washout, all preparations were
contracted with KO{125 mM). Following washoul preparations were ciposed cumulatively to NA. Maximum response is

cxpresscd as tension (g).

Each point represents mean + semean (n=6). Statiscalty significant differences are represented by * p o 005, unpaired student's

b-lesi.

Table 3. Comparison of contractions to KOl (125 mM) expressed as tension {g) in four pars of arteries and

veins of the coronary ligated and sham operated rabbits alter 8§ weeks operation

Wessel Maximum response {g) Moaximum response ()
T KUl B KCl
shim Ligated
Ania T = 037 1T = 071
Yena cava LOT = 026 132 = 012
Renal artery 63+ 0.7 Snn = 042
Hemal vein 123 = 029 1.25+ 015
Saphenous artery 23l = 0w LT+ 019
Saphenous vein 507 £ 03 5935+ 045
Ear artery 1.7 = 0,26 .29 + 0.37
Ear vein (.32 (.06 047 + (L03

Initially all tissues were exposed to cumulative concentration of MA (1 nM - 30 uM). Following washout, all preparations
were comracted with KO {125 mM). Contraction to KOl s expressed as tension (g).

Data are expressed as mean = se.mean (n=6).
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DISCUSSION

Response to KC]

Abnormal function of the contractile apparatus of

wessels, can be assessed by contraction w KCOL Inoour
study, high porassium chioide {125 mM) was used as a
contractile  agent. 11 cavses  dircet smooth muscle
depalarisation leading to smooth muscle conlraction via

calcinm entry through  voltage  sensitive  calciem
channels.
We  obgerved hal contraction 1o KO was not

different from control. Our resolts agree with other
reports (11,12,13) in dogs with pacing indoced  heart
failure indiesting that contraction to potassium chloride
(125 mM) was enchanged, We suggest that there 15 no
general change in contractile apparatus or  smoeoth
muscle responsiveness o this model of heart failure,

it - adrenoceptor activity

This study  demensteates  that the  physiological
nmuxed (X (ry - agonist noradrenaline  produced
concentration-dependent  conlracions in arleries  and
weing from controls and rabhats with coronary ligation.
Qur  study  agree with some  of the reports, in
pacing-induced CHF in canine coronary arteries (13), in

caning femoral artery {16) and i human with CHEF

(14,17 thar showing vasoconstriclions w noradrenaline
were unaltered in this model of heart Gilure.

It has been known that plasma noradrenaline levels
are elevated in CHT patients and increased circulating
calecholmines o chromic heart  failore might e
cxpected o lead 1o adrepergic down regulation.
Himwever in sharp contrast to ﬁl - gdrenoceptors down
regulation in faling  hearts, the € - adrenoceplor
population i maumntained at normal kevels in the failing
human  heart (1%, In peripheral A0
iwvestigators found  increased  Gssue sensitivily Lo
adrenergic agents during CHE (1112). Contrary 1o
Forster and  co-workers, Main and  colleageus (o)
foendd tha in paciog -induced CHT in canine coronary
arteries,  the  miximal - contractile  response 1o
methoxamine was wttenoated. The dati suggest that o)
- adrenoceplor - mediated constriction 1§ diminished.
Our results indicate that the vascular responsiveness 10
noradrenaline was preserved in this model of heart
failure,

vissels
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