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“ABSTRACT'

‘ '; T

L o . Sl An |ncreased neuronal uptake and postsynaptic:

‘sensitiv‘lty to noradrena]ine in ar .rial smooth muscle from _'

& spon’ neous'ly hypertens've rats (SHR) has been reporteq by

numerous 1abnrator1es. Also reported are \:hanges in:e

ty of perfusad arter1al beds and é

24y

calclum (Ca

-artery) was present from 6= B week nnward

smooth. muscle (c_.n

: <in: §HR r€l§ted‘anima1s. \'his became mare pronounced at. the '':




lﬂnle perfused mesenter{c heds lsn’l‘ated frul 12- 16 n‘ek

ad 2 greater” reagﬂvity and cuntrdcti"ty to
noradrenaline, no such 'changes were ebserved Jin lesenteric
_,beds fru nS and. DR using e‘lther noradrenaline, ‘\ oL i ‘

w o 4 phenylephrine or serotonin as the agonlst. The resuns -

usmg papaverme-induced rehxations of . DS, md DR aortae :

4 B als: sunggsted nn ib&fruiuns in. seqnestution of az i

the Dahl-rat.

. The esponse to 4_.3* ‘thcnght tn ref1 a nore mnh(le .

'pu o1 of - c;z“ In the SHR, cor're'lated w|th blood yressure |nJ_

ated enﬂnels when the resu'lts ware expressed a

rcentage of the naxmal ncrndrenaline response but was

it correlated when expressed as mg tensi\og per. mg n s

weight." This was due- to a. neganve cnrrehtlun betueen :
:hlnud pr!ssure and the nxtma] resyonse to nnradrenﬂ‘lue 1n

-
lhese animals.

The results repnrted m this study suggested that
a'ltentions hn pharlacological ind -echnnh-l propertns uf
i vascular smooth muscle dbszrved in SNR were prnbihly uniqlne
7 tn th

‘odel of genetlc h_ypertens!on. R s R D <
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Ity and uptake of
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InTRODUCTIGN

Etiology of Hypertension in Spontaneously uypercens'ive Rats . K

The predominanz form-of hypertensmn 15 0f .an unknown Sy \

etuﬂngY. nd is

ot m],,m\cked»—&xper‘lme_hta]1y by p_roductng

'aniﬁals'through' surgical means which.

:nv‘r1ab1y rgf\ect secondary fqrms of the dfsease.

'Se\ectiun of ammals wif.h nat al'ly occnrring hlgh h]ood

saveral

for 1nbreed1ng has ’Ied to the product!on [

strains’of hypertens‘lve rats. The, first 1nbred stmn of -

hypertensiva ‘rats was repurted by Smrk‘s grnup (Smirk,

'1949; Smirk and -Halt, 1958 Phe'la-n, 1958) n New Zeu'land.
Thls was followed: by. other stralns that all had the

characteristics of inher\ted hypertenslon with - unknuwn o8

eHo]ogy. eg. the spuntanenusly hy[:ercenshe rat (Dkam;ntn
4 afid- Roki, fgsaj, the Dah1 strain' of salt-sénsi

ive' rats Ty oy

-{Dah1; Heine and Tasslnarl, 1962), the Mﬂan strain

- ‘(Biancht, 1955) and the Brunus EdwardH stra q (mackmore et

f these strains is é}

. 1972) The most commonly used

" “introducgd By Okamoto. the:characteristics’ of wm:n, “While

not representanve of a1l types of essent alr hypertensiun,

hypertenswe rats (SHR) was reported by Okomoto “afd Aoki in ’

) 1953. Ihis was done by selecclve 1nbreed|ng af Wistar rats -




0 =

commonly xmnm...,ma to as WKY :nm. ;m SHR ‘were v.sbaznma by

E:w 5

w:c‘.mnmvnoﬂ function : =E.=_u_ o., ma:a:__n_. é:m va__; of

View A_m n:ma amaoﬂmnmgoeq ncsnwo_ am m::nma to'a :mx set-

fni:a as.a .,mm..: of Zn:nma xm: di m::m_u::«.

m.:.__«_&_. wn_::m_, et al. waﬁ examined 33333

m,:x/: § xmmﬂm Tof wmm xsm= n:m -SHR .and . =x< _._wn m____ﬁww

,.,ﬂm;oma. E.l:u n_:.nrmn 52;: nsm.m:x uﬂmmmzqm qmv::k

nnﬂsmm.uh.:..m._au .:x« .rmnm.:-n an age related ‘dncrease. in. ot

incredsed with .._c ?..n:m.. Changes’ in . vu-.oauﬂmx mmsm;::wi.




nroreﬂex sensnivity decrease in SHR as a consequence ov

structurel vucullf :hin.ges after hypertens!nn, Such iS

decreased disr.enslbﬂ!ty 1n anrnc receptnrs—. Rnher. they ‘_ = {4

‘of the two sm|

cnuld rei]@ct dlfferem; uaturatlan rate

_af 1t
(1979). ; ;
The node ‘of 1nhgrnance of- SNR Ius been 1nvestigned by

uere repnrted

Simﬂar reslﬂ_

houn that a ynlygen!c

many hburetories. and. it was.

|nr\er1un e u1thout any sex 11nkagc. existed/in these

hypertuns(ve rats (Louis: eL ah 1969' Yamori: et al. 1972.

0T Yamord 1977) It is clear thit afew major geneu:

co-ponents (2 to 4 qenes) Ict tngetner (Ven et a|. 1974, 3

1970,7 !n cnncert “with. murtfple

inor genes

se. stud!es aH

A i 'n’llmleil ’the trens- ss1on ol the nypenenst n. |n progeny

: 1rn| ver'uus types of breeﬂ!ng errengenents. oy

nnledge ahnut tne mecnl |sns requlating

% u'r,r et

Mumenus cont. re1 0

ci‘rculutory physlolngy 1s extensive

syst lls e“st w1tn|n the body that spe:ific ]1y ore designed

Sy regulete vnrlous asye:ts of c{rcuhtory fun:t!ons such ‘as .

blnoﬂ flow and pressure. Nypertenslve Msease |s a faﬂure

of circulnor,y reguhnun uh:ch s determlned by m

ahnormany Mgh re,sistance zo ‘]nod f'l Therefore. the




in cases nf hypertenslon are

efined as prlmary on: § B

essentia] hypertensinn “Whiere the disease is-of unknow

origin (uitus, 1977)

The rﬂaﬁnnship betwun the flow of ﬂnid through a

cyHndri; 'I tuhe and’th: pressure gr dxent acruss the ends AR

‘gradient alor\g the vessel

(2)3. the radfus. ot ine,j% s61 (1) . 15" Tehgth ‘(‘Lj nd the.;

cuefﬁcient uf viscusi of the f'luid Therefure, the

of oW -of f]uid thy e tube wi'l] increase‘lf tne ressure

ugh. 4

- grad‘ient or rmus s’ increased or if the’ '\ength or”

viscosity'is dscraased mm. thIs formu‘la s apphed to, the

circatations 1t 1s assumed that ‘the’ overal'l Teéngth uf the’

vascu]ature in an nd1vidua] remalns uuchanged.

The res{stance ‘to ﬂnw (R) “can be extracted fram tms SEh

equation, as




Aol 23 6 ‘ly MAP can he mmtjﬂed by factors infh;en:lng zithe:\CD
; or I{ﬁ (or both). i T Pyt

'functional changes in Mnod vesse]s. Before discus"sing:the‘,_

(or EDw) Aoran agéni'st.

g“




.pl) Chnn‘g:es in the va‘ﬁch\ar' media.‘ Th!s aspect nf a

ny;: vascu'la beds

‘sexs (F(ﬂkaw et ar, 1978) e this

S were the case, then tho. pre!ﬁﬁtlﬂl\s ‘can be. made*‘ a) the

sé respunse CUTVe ‘to a1l vasocnnstrictnrs Jshmﬂd be. 1+

altered tn the same extent (with respect

"o thresmﬂd. siope

‘ar\d maxlma) and b) structura! changes s yuld be ahsent in

'vasc\ﬂar Hssues not. exposed tn e]evated distendmg

,pressurg:; A S




B . " . 7
“pressure prox'qq by noradrenahne d\ff:red both . . .
. .quantitatively arl'd qualltative'l.y fron that produced hy “

 “These authors regarted s Targer difference 14 the -

the redponsiveness tn noridrena]ine was e1evated in:

At

'vessels f\som hypertens've an

erotonin. Similar ‘results were abtained by cneng & sKibata g

1980) nsing i pei'used hhdquarter prepantian from KNR.Y 3 g X

reseons‘lvenass to’ erutunin 1n tissues from nnrnatenshe md

hypertensive rlts as conpared to respons{_veness to

norndrenlnne, us' ressin and barium cMorlde in 1souted R

22 i .
pxr'usad 5e5enter|q bens frnn HR~ - Flnch A Hneusler (1974) MR

using 2 viriety of perfused prevaruinns snoved that -nna

3 nypertens(nn, the rzsynnse to. calcium in depolariud p

mesenterdc artery prepamtlons “was- not anzred. These %

studies. point out that wr_nl: struclur.ﬂ adaptation could. S

‘éxplain . some. of Che’l:'haraéter'i‘stli:s ef"dus‘.z're’sponse curves o

in perrusm stlld‘lesv‘from hypert!nsive rats;. thers cl iRy e

ex!st alterations

n exc'ltition cant acfinn :ouang. X

:These would. ba «changes: intrm c tothe pr_opertfes_ of the . L

mals.:

from, zm svonhnenusly._hyygrt»ens1ye nt.' In~all” three




vascular ‘resystance measured AN

uxinl vnsud itio« vas e1evated. lq ur'ller studies hy

HaeusJer -and. Finch (1971 1971) and 1ater: ranflrud by

L Armstrong (1972). a rud

d threshold dose fur—seraconin'w

sive. r‘ag\slnce they. nere abye to\enbnst

r‘eduéed thneshnld va\hus fql’ nnradrenalina and serntouhr E

votassium depdlarized nesenterh‘.

ncreaszs in; relctivity were reporu .

demnnstratm greuter reunvlty and cnntrnr.tillty fo

5 N\
- . barium, vaswressin and nora'drena”ne M per'used
4 beds from hypertensive rns hu‘t ne lttenpt was “‘made to

Mstinqﬂsh between changes due” tn purely structunl

idiptitinns and: those due ‘to

bypertensirve vesselsy




¥ genet{:il _y dev:ermned ference i the ch'

atterns of grnuth in ‘smooth’ musc]'e cells rom h);'bqrt_ens1‘v=:

ln1mns. - oS
Olw\ous\y tMckening of res!st ce vessﬂs in

* hypértension cauld resnlt from.a tuntpwntlnn (nhn]e or in

'comblnnrinn) o‘f an lncreise incell numbcr (hyperp!asla) or: e

i “198 ; o1 et ot al. 19ag

. ('1951)
lotdr h\ cel'ls frnm SHR.

si ze, Onens et

‘As pa int,
|n DNA are 1rr9ve¥s1b

¥, 1981). Mulvany et- al‘ (Ualb), uhn after cheu(:n

SNR rulainedl distinctly d1fferent

anh\als. HTLRE




octur; however, its primary role in the disease process

5 cannot be conclusively demonstrated. 'F‘urthgl_‘nnie. Folkow's

hypothesis (1956) has not been shown to be generalised in
. other models of .genetic hyﬁeqtenslun. ? 4

Tension® genel‘itidri of smooth - muscle fr. SH‘V a:
o Ana!her functioul cnns!quen:e of s-nqth -uscle cell”

s ‘hypeﬁ'nphy 15 fts effect on the mm, of- :ne tissues to-
b._ develop tension. M_ypert(nph,l: intestinal syaoth nuscle E

e pnr unit crnss-u:uonﬂ ‘area (Slb-lln, 1919) ln'_ :

hypertens!ve vessels, there 1s an hu:rnsed :onunn—auon nf’

M cnlluen ﬂbrﬂs_md 9rnund subsnnu -".M :he muscle *
3 h,‘\'s. n’d tMs ns the. net eﬂen of udur.hng m 'orce-

it '_" generning lbﬂlty of ¢ the contractile mass in. hyportcnsion-

Numerous stud(-s hnve show

"have a ‘decreased le|lun force output (Sp:ctqr tt 1969;.
1. 1970 unsen

luu“:k & Snarks. 1970- cllnes:nlidz et

1930 Webb -and Bohr.

zed anﬂyses of pnlrnuologiul

" cells have been shown to dével’oi decreased contractile force

at nscunr tissues from SHR =




" producing abitity of “she VESse]s. The.reasons for . these - R

discrepant results nn #he bisic properties o GNR vessels 15 whe

A' not clzar.v ln a study by Seidel (Seidel’ et al. 1930) it ns
shovn that uhﬂ! the :o'ntent of u:tovn,rsin (per mg anrtu: v, (

G el for)lKV., < ;
! S FeRr Reduced farce developllent |n SHR (Ba’nd\ck & Spirks, '\"
X *’970' Held et ul. 1972 Hansen 1] Buhr, 1975' SMblt! et—-al.

19735 Hehb and Bohr 1981) “was ‘not npparant in s-n! arterles

Mch were lainta(ned “in Min.&ylindr{cal form (Nu\vany ]

1ntatt carntid arterus |solated f on SNR. nocunacl and’

e s renal hypertnnsive rats.‘ Uslng this mevhnd Cox (1977) u.is S

Te tn snau that nuximu- achve 1orce per cross sec!icnll

area |n SNR exceeded the NKV. and thit urotid urter1es frn-‘

SHR were able tn shorten to a greaur extznt agal‘nn

=S susceptib\e tn dang! from the dissecﬂon requ(red to 2

#aESig & prepare nehcﬂ st}(ps. .~ AT




Rarefaction of reswstance ves SELS

P Rarefactwn of b'loud vessels has been. I‘eported for t)lz
i SHR cremaster muscle (Hutchinsg Darnell, 1974), mesentery
V(Henrlch et al. 1978) and skin (Kiack et al. 1980) as well

as for human’ cun;uncﬂva (Harper et al. 1978). The gruup

Ted by Hutchins (Nutch'ns et -al. 1977; Hutchins, 1979) later

'reaHzed thit rafefaction iR=adiit SHR could be duJ‘to a

cumblnatian of batn che number nf open. artertnlas e

‘(funcﬂnnal rar‘efa:t1on) and a decreased totaT numher of

arter oles (st ructura

Jarefact‘l\m) Haack et al. (19&0)

studled rarefa: on’ of the ﬂrst faur branches of an arcade

SuppTyihg cutanebus tissue |n SKR WKY and Wistar rats: The:

differen:es ohs'erved between cutaneous vessel's from NKY and

bhstar were -as. great -as thnse for similar vessels from SHR

and HKV_ Th1s could ref]ect genetican_y determlned

,a1terat1ons in arcnite:ture unne]ated to the b1wod press\H'E‘

o the anlmal (Haak et al

(4980)).

B) - Funcﬁona'l Mcerations ! g4 & Fx i

It dsic ear that blood vesse\s modHy th'elr structura

when cnronicany exposed to elevated hluod pressure.. Since

_structural adaptatmns occur as a_response to elevated blood

pressqres (Folkow 197 1982) other mechanisms nust exist to

1n1tiate 2 raising of<TPR. +A summary of. snme of the: ..,

* bedn presented hy Hebb "4 Bohr (1981)

s fun:tiana] a1teratians in hypertenswe vessels has rzcenﬂy .




. . 13
Heurugen‘ic influences in SHR

. Brody & Zimmerman (1976) reviewed the literature
concerning neurogenic factors in the development of-
essential hypertsns!on in SHR, where regional vascular
resistance reportedly is decreased (Nosaka et al. 1972) or
unaffected (Lais et al."1974) by nerve sectinn. )

Yhe :lrdiovls:u]ar system of the SHR is inﬂuenced by

entﬂ stresses; for. 1nstance graded k'lerﬂng stimu'li

" (Haltback ! Fo]knw, 1974),v1mmeb111zat|en (Kvetnan:ky e

1979) and elevated temneratures (Ven et

2 1975) al’
produce exagger‘atea h\oun pressure cnanges in the SHR. *
Likewise, deprivation of sensory stimu'll (Lais et al. 1974)

by p\ac1ng newborn SHR in a quite dark "room retards the

. develuplent of hyyertensinn. Some |nd|:at|on for an

ex-aggernted central sympa!hetic drive in SHR comes from
vidence indicating that sympathetic activity-in the,
splanchnic nerve appears-elevated. (Okamoto et al. 1967).

Sectioning of ‘the splanchnic nerve produced a greater fdll

/in. blood pressure in SHR than in -normotensive WKY

(I'ruchijimé,' 1973). Se'lerftive destr{ct!nn of. adrenergic
fibres in the central nervt;us sy;z’eu in n-ewborr\ SHR prevents
- the deve1opment of hypertensinn (Haeusler et al. 1972), o
theréby con”rmlng that an intact sympa:r;enc nervous’ system
|s r!quired fnr the in't!ation of hyyertension. As.
Ziwmerman & Brody (1974) point nut. such expériments do not
demonstrate that act!v-tinn -of the sympathetlc nervous -

system innhtzs the hypertensive prncess' it may only have .
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noradrenaline.; Thesg results provide adﬁiﬁona] suppoft fur N

‘ a1terat10ns intrinsic to the propertles of vascular smooth
muscle 1n ‘hypertension.

Hansen & Bohr (1975) utilized-an experimenta\ mnde1 |n

> which .rat Mndlegs were protected regwnaﬂy from 1n:reased

3 waH stress hy Lylng off one externa] Hlac artery. The .-

anenes fram b

he "h{gh' and !low! pressure 1egs were

nd nocA/um hypertens1 ve

.hypertenswe rats, ok

; wnen the sens1tiv|ty o‘ the. mac arterdes to m :

was, examlned. U»e excitabi |ty of nssues fron both-11ow

pre;syr_e and 'high pressure _unes of hypertensive rats was

‘increased.’ These authnrs recorded-a leftward shift and -

o0 decreased thresnuu dose for KCT-in - i1iact arteries from

hypertenswe rats. A snrn]ar 1ncreased sens!tlvity (red/ d

5 EB5n va]ug) for KC1" wWas reparted fnr xHa: artery strips /

* firon SHR by Swamy L Tiggle (1980).: " Lais and Brody. (1978) 1

stud1ed thie thresho\d vasocnnstrictur doses for.

'noradrenahne, ung utens‘ln and: banum 1n 1sohted perf sed

hlndllmb preparations _from SHR. These. studves, carmed out

in. adult an(ma'ls, suggested a speuf\c reduction in: the

threshuld dose.for_norad 'em ineCollts & Mps (1975,)

) thresho)d constrictur

respunse in the ear]y phase af experimental rena'l & ¢

hynertensiun. lLater Lais ‘& Brody " 1978]_re-examined their




Garlier ‘finding df a’specific reduction iy threshold dose of :
noradrenaline in SHR u&ing isolated perfused hindlimbs” of
three= week nld’anima] s, This group ‘had shown that at: this‘ :

.age, SHR had'nd de‘!ectab'le elevated bluod n?‘essures (Lais et,

al. 1977);° hawever, the threshu!d dnse for noradrena]ine

(buL not barium) uas already s|g1f1cant1y redu:ed (La!s and

Brvdy, 1973) < In‘fact thein,resu'l»ts sh hat as the in1ma'|

um (perﬁusiun préssure

mum) i s‘\;géested the'

the regu]nion of vascmar neactivlty 1n SHR eg.,

mter-actmn nf calcium mth cuntra:tne proteins ami the

1c'lum fons (Johansen, 1974)'

n memhrane progertues uf SHR

‘the er.entw develnp.ed myograph methnd fur
zuu »m)

“'blodd pressure uf oung SHR and HKV éhe rats used by




of ugés.. THe! hegeiterc: arteries (fru 'SHR and ‘NKYat both,
iges) were maximally Sﬂlll'li‘!ed by noradrenline in FE

ca]c!un-free incubation medius; when. calctun dose respnnse'

curves uere perfor-ea. the t1ssues from Snl were t-nc s

sensﬂ:'ve as Nssaes fru- WKY: When potassiun ns used' to

shown to: he nrasen! even U' SHH trnud from blrth uitﬂ

ant'hypert:nﬂve tnerapy (Hu]vlny et n - 1981 Therefore,

1t could- he concluded that the 6ncreaseu ulc-l sensiﬂvlty

“of SNR |s not a cansequence af incrused blood " pressure.

Cnnsistent with this cnnduslun is-the observation tm:

Rk hypertensinn induced by the Z kmney Go'l dhlltt oro:edure A

T




vascular beds rom nypertenslve rats

‘A (_ ugaﬂ] ).
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daptat—vans is to! foiT e S 1

% (vascular and

i nonvascu'lar] (Bum, 1964 1g74).

cnnfirmed by BohrvanA

rom BOCA/NAC'I r‘ats.

g [T -gs:y,ell as»the choice of agonisb-. ,t.ivssue_ qnd tgcnm.




Symgathetic neurona

; 992)"

1972).

Far instance, the mnxim'a]. ’e"spohse

Xn slipsp t

In studms on the




l_r_lechn“njsns‘(neuruna_"an_ e)g'tran‘!urnnal upéake;‘m‘n‘nnuiin:

oxidase, cut!chn!-o-nethy!‘inansfenusef TNese experlments

:were then perfurmed in kidneys from 4-

montn ﬂd rnts, uhen

'H, v'as qbserved that ‘fn. th; adult SHR the renal

A vusoc‘on;tuctor Fesponsa’, o symplthztic nerve stlmulauun

_uls comparnhle to”that observed ln HKV Hdneys, whHe lt he

SHR aneys thln in! NKV kj ays. Th-se ubs:rvuth:

"tne nypotnesis tnnt “in the’ ynung SHRY nore norndrennine ls

relusnd from the sympaCheﬂc nerves, and . that as the SHR g

\mat red. 1t compensated fnr tMs by |ncreas1ng the neuro

upuke of or adr:nanne ata tlne When the pu!tsynwﬂc

senntivity ta noradrenaHne uas 1ncre|sed. Thus ln

nhuncnd uptuko v wnuld mask the.underlying 1ncreau 1n :ne
: sennt‘vity to noradrenaHne by effecnve'ly decrnﬂng the
cuncentrlt!un uf nnndrena“ne in vasculnr'snauth s Te

SHR, S|n:e this increased noradrenaline sans!ﬂvﬂy was

absent in ,voung SHR, CoH is et

2 (1979) sugglstnd nm u

dod pr@sure.

was a’ consequence bf “the m‘ﬁh b]

(1979) nported that tai'l arteu str(ps fr
Cl SQR lnd HKY ha,

d“nnradrenlline. H_hlnn- the,




g

e

shift in the noradrenaline dose-response curve was observed .
only in SHR.arterial'strips. This again indicated that, at
dek Teast in 4-6 month o1d animals, there is'a greatér than

normal neuronal uptake of noradrenaline such that in

innervated tissues, the ‘noradrenaline response was similar

in SHR and WKY. ' In the -abserce ‘of ‘uptake 1, the SHR had a e i

higher: sensitiyity to nqradkena11ne (Webb and Vanhoutte,

E) A

G Anutner attamvt to examine.the modu]utnry ro]e of the

adrenergu ‘nefive. ending- in regu!ution of smonth mu,sc1e i 5

sensiti y was revnrt’&d by Ha]pern et a]. (1980) In :. % e

isnhted nesenteri: arterf:s frml 5 month ulﬂ lnlni]s. the
sens‘iﬂvny to noradrenaﬁne las sim!hr din innervated

‘tissues from SHR and WKY. dn denérvated tissues,. there as e
. & greater Jn:re se’in nnradreﬁaf‘ihe.}ensnrvity in tissues

from SHR than WKY; .f.e. denarvitlon praauc-d weazer 5 s

espnuse curve to v\vridren\h\e

o 2 WSttdang shife n tl\e‘eos -

et _l 1980). More de:aﬂad ¢




N noradrenaline sensitivuty of mesenteric resistan:e arter!es
from 5 month old SHR was increased nine’ties, While the_ WKY
age matched controls showed only a fourfgid Teft shift-im
) the dose-response curve.’ Again, the total.rate of uptake of
s radiolabelled noradrenaline was. ‘sgnificantly Mgﬁer in
"tissues from SHR.. Mad thg extent of neuronal accumulatlon

i SHR and NK\‘.

Sl 8 of rad1a1abe11ed noradrena]ine heen che sam

then denervat\on wou]d have shit’b:d ghe dose response curves

i the. absence of

A0 to ‘the “sames extent Beurlng in mnd ‘tha

neuronal 1nf1uences the EDSO for: noradrenaHne wasy
cons'deralﬂy Tower in vessels from SHR, we can conclude the
following, tﬁased on ‘the ‘results f Whalt et al. (1980) ‘and
Halpern et a]. (IBBD) - Vascu1ature from SHR. show an
increase in v-ltro sensiﬂvity to noradrenaline; hnwever,
this under\y!ng sensiﬂvny :hange is masked~b_y an 1n:reas'e'd

neurana1 uptake of noradienaline. . On the nther hand, the in

vlvo reactwity ov‘ SHR vascular beds to nuradrena]‘ne 1s .

<77 alpost: always enhanced. This is bécduse when the

“synpathetic né S:in.SHR vascular bddsiare:
depoladised duririg ‘tenic synpathetic activity, uptake of

nuradrena]'lne is s‘lmultanevusly 1nh|bitea (Bunaﬂnrsl'

E . 18715 Mebb et al. 1951), £ eheby ihcreasing Jusctional "

noradrenahne cnncentratlon.v Thus in vvcro. this actmﬁ of

the uptakg me:hamsms would then resu1t in -an- overestimation

,1 s of the trug ED5D for nnradrenanne responses An ‘smooth .

t al. 1980) 5 . 3 !

muscte from SHR.(WHa1T;

An:atteapt. examne the age relat,ed cnanges m "
] L i

27




W il]nervated

—age groups.

sensitivity and neuronal uptake of noradrenaline was made by

the group led by Mulvany (Mulvany et.ai. 1980b). They
examined arteries from the mesenteric bed of 6, 12 and 22
week o1d SHR using the myograph technique. Several

parameters were investigated; régarding:noradrensline

*sensitivity, the £0gg was fot different for-tissues obtained

no age or. SEI'l'"

fron SHR - and WKY ac any age;- E
1

difrerences revnrled. In the" Presence n' cqca|ne (1n

1-smes) the Te twqrn shift in-the nuradrenﬂ

“dose- esvhnse :urve was SieviaL iy tldedas Grom SHR at Bt
“Analysis 3f variance indicatéd that the
noradrenaline EBSO.h\ the a(brsen:e'uf cocaine was not strain
or age related \ihj’l.e'm the presence of cocaine, the

noradrenaline sensitivity was both age and-strain related -

sensitivity increased with age and blodd pressure.

Lloser

examination of the data (Mulvany et

thé' ratio-of noradrenaline EDsy (bef

. 1980) “ifdicates that

e/after cocaine) was

Y 12:and 24 week old SHR). while the blood pressure

. of SHR and m anlmﬂs were not d1fferent.v

not dlffent (ar\SHR (or IIKY) ‘at the var| us ages,.i.e. it is
unlikely that the :}n uptake of naudmnnine was. age

dependént. In the study by Mul vany s (1980), the

vascular sensitivny cninges were aPnarent at all -ages (6.

showed that Tat 511 weeks of age; ‘the- menn art "rja'
Futhe uore,

med1al hypertrophy of SHR mesenceric ar@rio'les o:currzd .a

1 only ih 12 lnd 24 ueek old tlssues, sugg:snng that whil:

“medial hypertrophy was aluays present in tna later pnases uf




“hypertedsion, the vascular sensitivity changes preceddd it

(Mulvany et al. 1980). While the results of Collis et a).

(1979) and of Webb et al. (1981) suggest that the adaptive

changes in uptake; and noradrenaline EDgp are a response to

the elevated iﬂnnd pressnre. the f'indivngs of Mu(vany et al.

(1980) would suggest that these changes occur pridr to the

onset of hypertenslon.

¥ neurona\ upﬂake 1s ‘due to an increased rate -or to a

It is difficult to determne ‘lf the mcreased rate uf

1n:rease intthe number ‘of varlmsiﬂes since a comblnation

of these effects could causg»an increa;_e in stimulated

_irelease of noradrénalihe in tissues from SHR (Whall et al.

with the find

1980; Zsoter et 'al. 1982).  An attempt to resolve this fssuve
was made by Rho et al. /(1981a) who examined the: iptake of

radhﬂabeﬂed rmradrenanne intn various, ftactlons of,

2 me,sentzric artery_ preparations of SHR and WKY.. In agreement

noradrenal ine—in arteﬂes from SHR exceeded that of HKY
arteries. " As was pointed out by Rhu et a\. (IQBDa). total

uptake

‘nc]udes both cytoplasmic-and veswcular uptake., When
these aithors excluded the cyfoplasm from the pellet ithat

contained. structures usially associated: with noradrenaline

B vesic'les, it. was found “that S)IR arterﬁes cnntavned a 1arger

amnunt of neurntransmtter vesic]es (Rho et al. IQBla).

: -abnormal regmamon of : noradrenaline release‘dué-to

alferations:1n ‘presynaptic “—adrer:nceptnrvs seems. unlikely

baséd on the findings of Ekas et 1. (1981) and Eikenberg et

.. f e . Z

gs of "Whall et al. (1980) thé tota\ ubtake of .

29




s uns simﬂar in pre- and . young hyperunsive and normutanswe

5 SHR ta(] artery and I\esentenc u

s ':ra_l_g_tn

21. (1981) who used. fourteen week old SHR “and WY, - The
possible role of an altered fum:tion of presynnpnc az-
adranoeeptors in the SHR was studied by Gnloway & Hestfu]l

(1982); these 'authors :unc]uded that presynapnc modulnnnn

an(nls (6 and 10/week old). but ns s'gn‘lh:anny reduced

~initafl arterle's fron cnrunicaﬂy hypertensive adult SHI

Jrats (six months’ “o1d).- TnEse authors suggested-a -

desensitlsation u' pre}unctionﬂ uz ldrenoceptors during the.

course of hypertenslon (Gillony % HesthH. 1932).

The alteranon in.enban

ertes. .and- the prasence of

Jan increased neuruna'l uptlke nf norldrenﬂ!ne ln these

Hssue' as received cbnsiderable atten!inn (NhaH

l980~ Vlnhnutte et al. 1980 w.ena et -l 1981, Mulvlny et
_a_1_.'1950). Ho difference in: noradrem“ne Ensn was-found

when Mulvany et:al

i nom.h old 'SHR: and IKV. Yhese ﬂnd(ngs are:in :ontnst vith

tha urHer f1nd1ngs of Breenberg & Bohr (1975) Ind Sutter &
Ljung (1917) who repurted a greater sensitivlty of .SHR

pnrnl vﬂns to nurldrenahne when ‘the Wistar'rat, ‘was used

nurmntenswe cnnf.rtﬂ rat. C'Inr'ly. these are stra1n~

effects due to ,tne hotoe ‘of Kyota-Histin rats by

nondrenﬂine sensﬂivlty in

(1950:) conpared pnrta] vetns fro- 3 4' ey




 veins.” s S N = = B

" A summary of‘_ the review of adrenergic u_echa‘n!‘us* of

*“hypertension by Vanhoutté et al

1980) 1s presented in
Tabl SE B :




* TABLE 8% Adrenergic Méchanis‘ms in Hypériens1on

* Synthesis’ D) acf‘zvity of rate’ nminnj enzyie ™

{tyrosine hydroxylase) ds |ncreased at’ 3 2

‘ear'ly age, normal-or: reduce

74)

; Synthes\s

: By ki b1ood vessels of yuung SHR, but

narmﬂ/redu:ed in adun animals

3 (Berknwitz et ‘al.1980)

Nergnal Uptake -, i) ‘normal uptake ) actlnty Jin young.”
o L USHR(CoTTS etial, 1979) - ntm/nm

‘hypertenswe rats (n = chmpmn, 1977)




i) normal noradrenaline content |n‘
_adult SHR tail-artery (Webb, and: ..

‘Vanhsutte, 1979).° ; !

Vanhbuzté. e e

Collis
19795
a¥ <Sensittvity to. Noradrenaline. '

t ‘al, 19795, Webb' ant
S1981)

o By § i) endogenous noradrena”ne- PO

sens1t|v1ty h\creased |n yuung, and
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Vas:uhr smooth lllls:'le sensitivity and blood pressure

Three approaches have been tried in order to dzt:rmine
w‘hzgher_ the vascular smn_nth @usclusensjt!vﬂ.y changes noted
by m‘l.ny_ (Webb and Bohr, 1981 for references) were the L
5 2 secondary Tésults of hypertension or the primary causes of

hypzrtms{nn. Br|efly,.t isé melﬁa’ds are: - (1) tner use-of

rterial or non~vascu\ar smooth musc’le Ln ﬂetermne \f ',

the cnanges cbserved in’ SMR were genernhed membrane J

3 nterahons

"'protected" from Mgh Moo”pressur Qe uslng aorN,c

-contpol

pc:\u_sicn or iemural artery .Hgatiun)"ﬂth palre"

) vessels' (3) by _producing ncrnotznsive" SHR (by se‘le:tlve
breeding or ‘treating with antlhypert:nsive therapy frou ~—
":hirth) and usnng pharncnlugiqal yrnpernes of vascular
and’ non vls:nhr sloc(h nuscle. or by cantrastinq properties
S cof yaung. prehypertensiva SHR suouth muscle with those of

adult rads.

T Studii ylcn non-arterial smooth muscle

.. Sev!ra'l attempts have he!n repotted where the

generalintton of the memhrlne a1t=rat1on: in SHR- have heen

e -stud(ed "by: the use of yurtal vm and ‘ot het: verous ‘tissues.

Accordmg tu ﬁreenberq (1980) veins prnvide A mﬂel fnr tha

stndy of changes in the vascu atura of the hypenens1ve g

-njma]. uncomplicated by t.h_e effec!s af‘an [ncreased ver_mus b4
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pressure. An early report by Bevan et al. (1975) did - »

demonstrate a sH’gntly enhanced sgnsj}ivify to 'nyrndnn‘ﬂine
in venous smooth muscle from rabbits made: hypertensive by .

~ i
aortic warctat!unxthe same year, -Greenberg and Bohr \ < =

(1975) demonstrated that-in the absence-of increased. venous - =

pressure, pulmonary lrtiries. inferior. yenae G vaeand . - i ~

e Lo portal veins of sHE md a n_yper:rnpnua media Indsolated ;. X

.H,ssne ‘bath studus. portal yeins- frm SHR nad an increased

: fraquency lnd mthude of spontan:

s :antncuans

:-redu:eu threshuld for PGAZ Ind PGBZ and an: unaltered 2

'thrnshn}d for. nuradrenal—lne, adrenaHne, wlass(u-, barium. .- =
and strontion. " While thé-sensitivity was only ‘altersd for
& the prostaglandins, the cantractﬂit; to 2Tl agents‘nas

n-cmr% fnportal vefns from SHR (Greenberg’and Bohr,. d

1975). Using Wistar: rats as cnntrn]s. Suttzr and Ljung

(1577) 150 reported an; “increased mcrumny in porm PRt

velns of SHR to noridreﬂnine and u:etylcho11ne at both

o B, e _.prehypertensive (6 ueek old) and estab’llshed nypercensiu

S phases (6 mon\th). nns was Tatér ‘confirmed by Plng ana-

sutter (1980b) when they. :umpared purtn Vein cuntract!lity _
oL I from WKY ‘and SHR Furthernore, Sutter and Ljung (iorn) o o

'demonscmeu stonificantly Tover £dg, va!ue

fnr SHR portll W

'veins bmen noradrena]ine and; ac:t 'thoHne Hér

nszq ta»

_constrnct 4 'e-respnnse J:.urv!s 5




ln'd-i‘_qmor_ll ,veins 'frumnH)‘QV'm’adé h’xpertensiv‘e ('b:y th‘e 3 o,
Goldblate method)-as well 3s in veins from SHR, it was O
suggzsted that ultzred venous llechanica] properﬂes were: not

genennlly detern\ined events. Becausn venous pressuras tn " .i L

:heee arus were' nut e1euted 1n hypertens!u lntmis.

5 agtid Greenberg n:uded that hypertrnphy and extenslbil'ty ure

unrehted to dlstending pressurzs‘ In 1s study on- the

proputies of veins in’ hypertﬁnsion, Erunberg also .

subjected aninls to antihyazrt ns|ve thepiny v{nl :lon!dine

nr i!pha--ett\ﬂoopa. Ant'hypertens(u therapy de:rnsed tne T

anhellul ummes of hyy:rtrnw)l ‘and 1lproved afents,

utensibl'lit,v in vnrta’i and feimra'l veins fru hypertenslve

e ruts Iithnnl con:nlinnt alteratwn in intravas:uhr e

I!zcause F-a

przssure.

renocentor blnckade (phentol nine,

precursnrs of c!lluhr prote1ns and 11p1ds) Based nn
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th1-als ‘s by :oar:tat1on of the lnrtl.. ln such .‘, 4 b7 .;

“» nlndqucrters of cuar:teu rats. lell anu ﬂverbect (1979)

’stru:curl) ch-nges -ay huvg uc:nrred 1n both nnrnut.n;ive

‘." o

eact1vlty. anever. the

cnlngcs 1n res1stance lnd

thrsshold dnse of nuraﬂrena1ine was. lnvnr |n hotn prothczed

and non protecteu n|nd\1-bs frn- the hypzr:ensivg plgs.

while contrutt!]ity and reacx!vity 1n tne DBCA-;

beds: not exnnsgd to hign systenic pressures in b;:::;;:;???‘

here wuu\d.nnt be second)ry to |u:r=ased lntrnvas:nlar s

pressure (leﬁ and Uvgrbeck,Alsn)A An u\-ly rcpurt by

No1la Panades (1963) snovea -an’ elevatzd has-l reslstan:Q to .-'".

flow 2nd ru:”vizy “to naradrena‘lhe M the nnrntuslve ¢

med these findinns. 1t was. showu that elevuted

the nu?nntensivn hindquurters

“and hypnrtens!ve hens of :oarcted rits. Furthermure




‘" Normotensive SHR and antihypertensive therapy in SHR
Normotensive SHR a'renpru\ced by treatment of SHR with -

antihyperbensiye therapy, e’

.secnndary tn the bluod pressure changes, therapy IS usualiy

as eariy as possibie (Goldberg ‘and: Trigg'ie, 1978)

.,inltnte

Another methwd

"1ow= =pressure” SHR; as was

dohig. by Bhatta:narya et all (1927)‘ 5 5

H Doyie and Fraser (1961) Studied: the vascu]ar reactivity

Tn-the Vfure_arm of [th »normo:ensive ‘offspring of hypertensive

parents. They wWere able demnnstrate ER greater”
vas‘o;onstrittor‘ reSpanse°tc ncradrena'line in these subjects.
In"isolated perfused mdquar'\:ers'ur young SHR (3 to ‘5 week

. old) Dietl et ai. (1978) and Lais and Brody (1978) were able
to demonstrate signii’icnnt’ alterations : in Lhrrespnnsiveness
‘to noradfeniline: and harium, as.well. as in the )

b characteristics of pressure -flow curves. chn (1975) found

Cthat rendering DOCA/NaC1 ratis: normotensive by ant

nypertensive therapy faiied ta alter the eTevated vnscuiar

. l\eactivity and contractﬂity. Unfortunateiy, in both nmseb

studies antinypertensive therapy was’ commenced after the

hypertension nad become estabiished and 1rrevers1ble

structurai i anges may - have occurre : imiiariy, Burkaw and

Lea:h (1981) were ‘abTe to.normalise the blood pressure of

aduit SHR by eig

and not.detect any changes in the 'iope or maxima of the

Pitorder to remove any effects

weeks ‘of datly ini ctions uf propranolol; /..




A o
different ages of SHR was mere thoroughly investigated by

/ . . 3
Antonaccio et al. (1980).- These authors concluded that the

efficacy of therapy depended on the duration nf /) et

"hypertensnn, and not on the severity of the pressures, ‘It
L vas argned that at 1ater stages.of the, hypertensive process
in SHR, antlhypertenswe therapy would prnduce Htt'le :hange

“in.blood vesse1 wall: properties 4hgcause of : substantial

c01 agen’, grawth that woqu make these veé sels stfer

" (Artonaécio. ét aT: 1980);

Goldberg and Triggle (1"9'78) treated . SHR in utero,‘ and.’
from weaning, with tAmotel: o'ra\.Ly to,produce normotensive
SHR . that ‘»malntained‘the' vascular characteristics. of
untreated, age-matched SHR. .In addition, Bhattacharya et
al. (1977) reported similar vascular, Fesponsiveness of
isolated perfustd mesenter!c beds In both inbred ‘
normatenswe SHR-and the hypertznswe control SHR.

A number of repnrts have suggestad an a]teration “in tne

membrane properties. of vascu]ar smunth musc]e “from SHR. lt

has, beeh repeatedly shown:that, microsomes prepared from 'SHR

‘aorta (Huld et al., 1976 Bhala et a]. 1978 1990, Hebb et

al. 1976. 2d Wed et al. 1976) hive 3 reduced caZ*

& ‘sequester’l ng abilit

mesenterlc arter) mlcrnsnmes from DOCA/Naﬂ anq SHR (Kwan et
al. 1979. 1960). It nas been pointed nut by Daniel and I(wan

(1931) that the reduged abv'lity ‘to malntain ca?* gradients

in: plasma membranes

Du'ld bé dieto a comMnatwn of a.

defect in'ca2 '-;c1mu1@t‘e¢ AThase transpprt or'ini the i

These findings have been confirmed |n
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permeablity of the microsomal membranes. An increased
_permeability td calcium ion ‘may SECHRE: 157 the fncreased

- myogenic activity observed in large (Fnzpatr’ick"and '
Szentivanyi, 1980; Goldberg and Triggle, 1978; Noon et'al.
19785 Suzuki et “at, 1979) -and sma'l] res’nstance apter‘les fro[;|

hypertensive an‘lmals (Bran ot 1980)%" Kwan ot a1 (1930)

"'also have presented data to 1nd|cate that decreased Taat ahs
traﬂsﬁrt in the p]asma membrane of, SNR vas:n\ature was
& present prior to: the' nnset uf nypertensinn. A]tered $0E
memhrane properties are' further 1nd!cated by the alnllty of
3+ to |ndu.:ev§ cantractlon .|r| artenes from SHR bul‘t not in

controls (Bohr, 1974b;. Goldberg and Triggle, 1977, 1978; -

"Hansen and Hohr, 1975 and Shibata—et al. 1973), "It hasbeen
hypothesised :tbat ‘these contractions. result fron
intrace'llu]ar displanement of ca\c'lum which 1s loose]y bound'
to p'lasma membrane (Webb and Bohr, lsal).

Abnofmal Ca vermaablllty of the'ra orta from SHR

_was first suggested by Noon et a'l.y (1978) who observed that
aortic strips from SHR, but not WKY, relaxed in Ca“-free
.Krebs SD“JCI'OI;. Hhtn ca?* was re1ntroduced ina non-
depo\ar'zed preparatian, aﬂuvtlssuas fram SHR tantracted.
.This f1nd1ng was cnnf\rmed by, Go!dberg and Trlgg]e (1978),

whu were able to" repeat these nhservattons in.aortic rings

Iso'lated from normutenslve SHR (treated: from birth with -

,t|mo'|n1) . ;- - i
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La3*_response in SHR tissues EAN
Shibata and Kurahashi (1972) and Shibata et al. (1978)

described.a responsé to minganese, cobal®> and lanthanum that_

was present in only lortic-strl‘ps from SHR,iand not from,
_Wistar or. Sprague-Daley normatensive rats. The respogse to

these 1ons was present.cin anrtae from orehypzrtenslv: 30 day -

SHR (sWibata: and’ Kurahashiy 1972). “IE:4's ‘surprising that
a0 Wb able ta, pradupe arcantrast Fas 19 the aortic strips
fron SHR, since 1t was shown by Shibata and Kl'tr_ann-snl (1972) :

BT TE: beh!ve as_an a‘r{tngon{st fo:r 'the.vl':_on:' pﬁ'ase_ of 2

g noradrenaline-induced contraction. Lettvin et.al. (1964)
had p}enausly pr,enicte’d that La‘z’, by virtue of its similar,

“fonic radius and higher valence would bind at superficial
Ga?* Sites with a slower- dissociation rate than G2t

’vS‘lnce_the;group of Shibata: (Sﬁihatn and Kurahashi,

19725 Shi

a.et "al. 1973) used only single :oncentratinns

“of ‘the. fons s Bohr (1974) repeated the study with som

modifications. -Again, SprAgue-Durey rats served -s the - o

control-strain for both SHR and DOCA/NAN hypertens1ve‘~ra£s-

CMith- Laa“ a's an ‘agonist, dose- resvonse r_urves-indiuted that .

-carotid artery str(ps from SHR. wﬂy were able to :ontruct.

_with tissues from DOCA/NaCl or contru'l Spague- Daw]ly rn.s

‘showing ninFnal r‘espnnses (Bohr 1974). Hnﬂe changes 1||

!éns‘ion due to La uere 1arge m norti: strips (snib-ca
B a]. 1973). those in carotld artery str!ps from SHR. wére anl.y
snﬂ\ !r- compurison (Bohr, 19_74'

. Hermsmeyer and Halton-

nstrate §ny'La3’-1nH\7s@‘ tension = R




ncreases in strips of tail artery from adult SHR. In the

experiments: uf}Nll:sen and Bohr (1975) where one hindlimb of

SHR and DOCA/NaCl hn:rte‘nsive rats was protected from high

_ pressures by tying oF the external ldac artery. Ladt caused

a contractile: nsponse in fe-nral artery str1ps frnm botn
high'and Tow pr:ssure ‘areas of SHR ruts only‘ :
The nlture of. the La response in’the. thoracic aortia

from SHR was ‘most :nnrnngh]y \nves(\gaud by Gn!dbern ug

-Tr|gglz (1977,°1978): Their.results can-be sunmarised
thus:z - & ° 2 '

2).  major component of the La3* response results fron
*'2 change ‘in pi caused by’ 123 * precipitating the -
phnsphne nnn bicarbonate in “physiological blthing
solu!ions.v The La3* respnnse could be reprnd’ucea
by decrnsing the pH of the medﬂm Mre:tly -Ith
W ; L
b) - both Ath'e N’»Aand La:-’_ :responges vere 1n pvar‘tl » -
5 dependent -upon the extracellular [;'3‘2* con-;
“stralion. iice nigh_canéentrations ‘of. 0-600°
1nh1bfted avpvrtlon of the respensgs. A
é) there wn a dvre:t pH 1ndependmt sze:t of La3
uMch could be: due'to 3 1ntrace1]u1ln site o éi
L% 1 SHR. |

"/d) SHR'maintained normotensive with timotol from |

conception shdued a La3* response not.different '
“from untreated SHR. a B }

‘Tnese dats are supportive of & defect of the s sinooth




" muscle membrane that could be related to an e\evate}d

(1973) found it usier to reverse ponssium indiced

monlff ® =

i S C

‘ 5
permesbility to fons such as et A, caft (Jones, 1982) .
‘Hinke (1956) reported thnt perfused tall erteries from
DOCA/NaC1 nypertens've rats :ontract .at lower cuncentrulons

ot 'Ca2* when depglarma by po:ass'um. Shibata et
. i

contrlctnres 1n a talc‘lun-free ned'um “when aortae frnl SHR

| were used. Evidence for & r(ﬂe ‘of Caz" fn_altered membrane

per-uhnny “in hyper(ension cumes from :he nbser ations -of
Bohr (1963), Hullnuay et al. (1972) and Nlnsen and Bohr
(1975). . It.was lMth'Ily shown by Bohr (1963) that the
!"esponse to adrenaline or ponssiu- in Iso\ ated blood
vessels increased with the cqncentrat»lnn of.calcium up to

2aM Ca%* (physiological 1evels); thereafter calcium has a

depressant action on tensinn deyelopments. TMs was thought --°

‘lo‘

e due to the membrane stahﬂillng effects of high doses,
nf calcium (Bohr, 1963) Honouay et il. (1915) extended
chls ob,servannn by cunparmg vas:ular snooth muscle. from

hypertensiv! and normutensive rats and fuund that gruter .

concentratinns nf ca1cium were -required fnr optimal, nnsinn

development fo- SHR. .. These: aut)mrs conc1uded that: aﬂher

less calciun- was ‘bound to. the membrane , or thn once bound,’

h: Wa

]ess effe,\:Nve 1n stahil z'ng the membrane of

hypertens1ve vesse]s (Hansen et a]

The SHR rat was 1solat d by Okamona und Aoki in 196

Dahl (sa'lt-‘g_gendent) hypertensive rat N e TS R

45




" of Blood pressure (Ge]ler, 1919).'

" of “the! operiﬂun n' nnurs in these rats thn are thnn

after the Fy generation, this Japanese ‘strain of rats were
invariably hypertensive (Okamoto and Aok, 1963), In
contrast to the SHR, other. strains of, rats require™a
prolonged perfod of groytit or salt.loading to maintain 3

Iu'gh blood yressure (Bhnchi and: Baer.»

1952)‘ The SHR has

hns resn'lted 1n substruns of SHR having diﬂ'erent prnfﬂes i

\ln the other hand. local
hreadlng of ‘the :Dahl - s;nm of. rats 15 nat nluud b, tbe
dtstriwters and’ cherafare a hanngeneous popu’laHon of rats -
can_be issunea. Do & N o B
2y
n.m et

“rain of geneti:ﬂl_v nypertens‘l ve rat. duzl nped by

(1952) hls _av’n cnns1ﬂer|b1: ‘interest because g

%o be of inpartance sin the pathogenesis of hunan

“hypzrteni(on. Seue (19!2) determined thlt addition nf NaC)

‘tu the dl‘1nking ulter uf baby. cMcks trel!!d with DOCA

sald greaﬂy enhin:ed v.he savérl‘ty of che hypeuensm nmuced hy

§ pressnres u4th

DGCA a'lone ah\ (1972) measured tha b1ood” pressm‘e

respnnse ‘to salt 1n unsele:t:d rats. und vnund a’ vaﬂety df

respnnses from nope. (251. of t,ne rats) to. grudunly i Creised'__

ried Lseverity (723) to fulminant )

hypgrtensjnn in 1ev4 animals. Ihq ‘uiequal responses
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; nppusrte di re%;i

{2:Ds rat will, when transp]anted

that a genetic fault in the kidneys of the DS rat caused

, Mypertension. This work was confirmed by Dahl, Heine and

Thampsnn *972. 1974). Essentiai]y. these workers fpund
that when Hdneys are transp]am‘.ed from one strain to the
ot,b_yL (IJS to DK, and vice versa). the influence anrbloud

pressure arrives With the Kidnéyi . Therefare, a kidnéy from

;‘of a DR rat. The same appHed Eo kidney transphnts “in the

the blood pressire of DS rats fed high salt (Tobian e

- 1966; Dahl ‘et al. 1972, 1974): . These transplantion

experiments suggésted some type of bardceptor ‘resetting .
within the 'kidneys, that by itself was able to regilate
.blgod. pressure.‘ This hyputhesls was tested by Tobian gt al.
(197&) : - ;
»
e, resnlts of Tobidn et .al, (1978) using bYood ™

perfused kldneys iso)ated frum DS and DR rats (fed O usx
Nacl) cWear]y indl:ated‘ that DS rat lndneys excreted ofly
half as® much sodium when.perfused at similar inflow

In other, wordsi: the’

pressures as kidneys from DR’ 'I'nts”
pressure natr\uresls curve ior kidneys from DS were shifted

to the right, 50 th fnr equa\ excretions of sndium the DS

k1dney would require much Mgher perius.inn pressures (Tublan

1.°1978%% In eitker strain af rats. fed low ~

|

con:entranons of dle?;ury- scd\um; ‘the' in vwn difféerence in ¢

r'ena'l perfusiun pressures uou]d -cause Htt]e dlfference in

rena'l sodium hand]ing. 1f there was 2 esemng of the..

elevate the blood pressure’

ihere transp]anted DR’ Kidneys ‘cah redice’’

48
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pressure natriuresis curve in the in vivo DS.rats, these

L

rats would becone hyjertensive when fed high sodium, - The

experiments of Inai et al. (1977) provided - sone &vidence for

_an in_yivo difference:in pressure natriuresis curyes between q
DS-and ‘DR kidneys.” When DS and DR rats were fed a high-NaCl < gt

'make. co- ~adninistration of‘ch1nrnthhllde n the diet & = ;

oftidm’ excretlon ‘of u; rats dropped sign|f1unt‘ly (iwaiet

al.t L977) These resules wer nterpreted as ev{dence that i)

the 'In v|vn resztt1ng of DS k1dneys favoured a sluwer rata
of.. natrinresis and adﬂ!tlun of chlorothiazide shilteﬂ the

pressure-natriuresis.curve to the left.

U_l-hen per'used at ‘low mflav pressures,, Hnne_y} from DS
o Ealsshoy VIFERIY: W Fenld Feleite (Tobian et al. 1978;
Iwai et al. 1973) even when fEd low dietary sotﬂull. . The
»Hdnzys from DS rats on.a luv salt diet have no obvious

pathol ogical

¢isturbances (Tobian et -al, 1966;.1978). To
% " test 4f sodium itself was'z sEimulus for the rightward shift

in the p'ressure-uiﬁures‘ls curve.:Tann et al. (1979)'

-alaned adult DS nnd DR rats a diet” of’ B! NaCl, with or

nithout Lhuzlde therlpy. Xn this group of n S 'anly the

DS rats u'thout thiazide uere hypert,enslve lt a'll stages.

. Hhen kidney:» rrn

ncrml‘l Sprigue-Daﬂ ay rats were yerfused

wm. b ood frun DR rats, . the exmthm pattern at different ay

,1nput presiuras uere sinihr to resul'ts nbtained with

per!usinn us'ng narnﬂ Sprlgue-DauIey rus, hnuever, -




perfusion with blood from pre-hypertensive or hypertensive
DS rats halved the excrefion.of sodfum ata1 1 InfTow

pressures.’; This suggested and cnnhmed earlier reports by

Dah} et al. (1967) ‘and. Knuasen et al.” (1969) ind]catm'

role for.a humoral agent present in DS blood (TaMan et al

l'1979). Laters, Tnlnan (1979b) suggested that 0s rats

:-'grmer “himoral a tinatriure“c factur. “or a raduced

natriureﬂq factor,: when compared to norma'! Spragu

“oriDR rats. - It is:net.

Year what relaﬂnnship the. factor

de}ﬂscribed'hy Tobian (X979b) MS wh‘.h \‘.he natrwretu factors
vdescr’{‘bed by Dahl et a]. (1967). ‘and Knudsen et a] 0 (1969)
or paviaual by de Wa'rdner, and, G1arkson (1982) and Haddy
< (1932) } :

_Neururg ic mechanisms fn Dah\ rats

The mechanisn.1eading to-this, mn«m 14gucédvr{>‘sebl<n'
s_y'stem(c pressure of Da‘nl rats idpoorly und'rstﬁoq._

Apprnxmate\y thy pertent of tne increased peri

res1stance in. DS racs 1s thnught to be; dua to the”

‘sympalhetvc nervous system (Takeshita and Mark, 1978)

Neurogem mechau(sms in the Dah1 rat were lnltvally

_investigateﬂ by Dahl et al. (1968) who -tested the response

“oF DS ratsito. repeated epi sodes -of electrnshocks amd oL

:r.qnditiornnq slgnals far six: months‘ no" h]ond pressure

‘respunses to thls emonnnal stress’. could be detected even’
When thie rats were fed scdhm rich, diets.\ Under» the same

cond!tions, SHR had

50




(Dahl et al."1968). The presence of a circul ating humoral
agent in DS rats was described by Tobian.pt al. (1979). DS

% NaCl for four. v'veeks. and these rats

ind DR rats were fed

rtery and yein-to-vein via constant Wi {

connected' artery-to-;
“fTow purps to-a Mndquirter urapant!on\:snlated from R and’

ere perfuse by DS

rters

nen assayed

plasm cuntuined 401 less rqnin than DR y]lsma
J1979) - . B]oad perfus!on of (Sohted D5

X (Tablqn et al
nindquirters by \'IS rats produced np chu\ge in
197%).‘ TMS circu‘laung

vasocnnstrlcnon (Tobnn

= h\lmorﬂ agent was further nrest fgated by Topian's - . it A

. 1952). lt ‘was shown that vhen all rem

isohtzd Dl ndquarter. Tc_)t,ﬂ .nephrectt_my_n 3

" Sign Hcanny the increa




1'n response :

’urthermnre, rena'l vascunr res1s ance changes

‘to angintanstn II and noradrenaHne was simﬂar 1n DS and DR
By measur\ng vasgular responses to

ﬂ1et._

in n h‘lgh sa\
max!ma] vasodﬂat'ion Iw’lth acety]chnline) no ev‘idzn Ce for .
arte ies from ¥

a\tered !tructurﬂ changes were fuund 1n rena

under hese m.mmms elevateﬂ

'ln DS rﬂts fed 8. 01 NaC'I




u and Hu‘k. 1978—) QuiIH‘.lthely similar resu!!s B
were obtained vhen ‘DS and DR rats (8.01) were examfned for . -0 0

bloud pnssur. lusurenents before and‘ ifter infusion nf a. ol

~glng1‘|on1( blocking:drug- (sordon et al. 3981). “When Dahl

o rns were che-icnly

hectonised (6-hydr mine) - P

(1980) no evldenqc for stru:tun?
-
T Mgh

“pénal vesse’l s. Vet, n:urngenic mec nnlsms vperlte to

1t 05 e s can1dibe

: Mcrea

.tnne 1n the Mndquarter, and not renﬂ vas:ular

“beds Reglrdlnq vosts}naptic sensitinty changes in vascullr
smoot h”

wsclé'ss an additional uuse of the 1ncreased TR

Ds rats; it ‘has. been snoun in several studies by N:r-snue

gruup (Nermsneyer-ﬁ a_l_. 1!82; Hermsmeyer;. 198L qnd,A,bel

.. al. T981) that the noradrenaline sensitivity (ED50) ‘eithe

in the ahéehc! or presen‘ce.'of i uronll uptake was identical

'nnen 1sqhteu=ta|1 artery str1ps fron sl!t-fed DS and R - 2



that DS rats have an inherent resetting of baroreflexes

(Gordon et dl.. 1981). These authors concluded ”“; T o

intact -DS- rats, the elevated pressor responsgs’ to
phenylephrine were due to a reduced baror:eceptnr‘ buffering ="

reflex since'in the presence of ganglion’blockade, the s

and DR respnnded 1dznt1cally to vasmanstr(ctcr‘s (Gordnn ez

Jat. 1951).

In stud!es of the centra'l nervous system ‘of DS rats' 3

lkeda £t al. (1978) found an elevated sens{tiv‘ity to the
"'prassor.effects of hypertonic sahna and angietensin; 153

injections ‘into the 1atera1 brain ventrvcle. Later, Tn'bian

ﬁﬂ. (1980) .and-6oto et a].'lQEl demonstrated that thls \ ”
hypersensitivity to the central effects of angiotensin 11
and hypertonic saltne could be av{_t}gonised,b‘y raddiln'g 2% k€1 -

to the drinking water of DS rats. When the anteroventral -

‘third ventricle régiun (AV3V) 'in DS, rats‘v‘:as seéti‘nned in DS,
rats, ten weeks of high salt. Met (8! NaC]) had nnly 40% of

the bload pr‘essure 1ncrement whic)\ occurred in sham uperated a

N rats (Goto et a\ 1982)." The AVSV region has been

J . identified as a site cuntalning angiutev\sin receptors

|nvalved ~(n dipsogenlc responses (Brody et al. 1980). “The'. -

- e.nhanced pressor responses to centraﬂy 'Ivuected angiute sin, :

and _hype,u.uwi:ne can be reduced, but not »,reversed hy §
treating DS rats wth thiszides (lkeda et a1., 1975) R

.




) ls tne a]tered neurona] gtak nf oradrenaling and'

uKV) a greater tota]

OBJECTIVES
The precéedv‘ng Titeratiure survey indicete‘s general

agreement on the following differences between SHR and WKY:-

i) an -i}:creaseg ‘medial thi'qkness of blood véséel‘s’,
3 Vther’eby ailoﬂing ER gréater contnact;‘lit.v of

“yerfuszd beds from SHR.. ; " .
”H) a greater than norma] neuronal accumulation of ‘ :

'nnradranahne (uptake 1) in: ar\‘.erial smouth musc]e

X frum SHR.-*

,?'7.",)‘ an anuma]nus raspnnse of 20rta from SHR to the non-~ s
_Y physhﬂugwal ion, La :
‘Theinverall obaecnves of the 'thasis 'ne,rle Fu a)
compare these o'bserv‘ati'on‘s in two models :of genetic |
hyﬁ’elv:ten’sion,‘ the spu‘ntai\‘enus]y hyp_eri:ensive rat_and .tb;e
Dahl strain of sa]t se‘nsit’ﬂe rat and b) -~ to elaSorate on
aspects of -the ahove noted d\fferences between:, SHR and WKY .
Expanments were designed to answer the fo]lovnng quesmnns

postsynaptvc sensitlyxty to noradrenahne related ‘to the

_g_ ftheammal? o e + 5

It' is clear that in® b]ood vessel's from SHR [compared to i

cumu]aﬂon of noradrenaline occurs ‘ T

cu'I'Hs arfd Vanhoutte. 197
1980.;, Webb et ‘al 1981. «Rho et aly

,_M\slvany, 1!79 HhaH ‘et




3
uptake of noradrenaline occurs in re;ynnse to an increased
postsynaptic sensitivity to noradrenaline in SHR blood
vessels. . Therefore, the postsynaptic sensitivity to
néradrenaliné will have a greater EDggy value in the absence
of ne{nrona] uptake 1'nhibit1‘or! (Vanhoutte, 1980;‘Vnnhnuttve 5&_
21.1980). ;

It is. not certa‘n it what . stags of the disuse this.:
exc’essive neuronal acculuhtion of nuud'renaHne occurs.

‘.Hhall et I'I (1980) “and Hehb et al (1950

th!sv‘change uc‘curs 1y arteriﬂ smanth muscle of o’ld'_
onTy (14 to 20 weeks). _ At this stage of the disaase. tha

"postsynaptic. noradrenaline sensitivity is e!;vated, in’ SHR

arteriat strips. When 7 week and 16-20 week old SHR and WKY
were compared, Collis and -Vanhoutte '(1973) and Collis, ‘DeMey
and Vanhoun.e_ {1980) also cn(;cludzd that enhanced neuronal .
at£1vity o:chrred lln lhe older SHR onu (i.e. 16-20 week old
i animals). However. wher Mu]vany et a'l (1979, l?ﬂoa) 4
compared these changes in neuronal uptake of’ arter‘ral smooth
muscle of SHR and. WKY at. 6. 12 and 24 ueek_s of age, they
reported an in!;_r!a'sad uptake of noradrenaline, as_well ‘as
elevated p;stéynaptic noradreﬁa“ne sén‘sic‘lvn‘y. in arteriﬂ
tissues from-all SHR regardless of age (6 to. 24 uezks)

Experimgnts were designed to exann the effect of ‘age

on the’ nuuronal upnke of nundrena”n by swdy.ing ‘rats qt
the following age gronps. 6= =8 weeks (grehipe‘it;ensi‘vie), 16-
20 weeks (established rhypzrtrg'nsj;n)' and 2 52, weeks. (mature
established hypertensipﬁ). Neuronal uptake activity was ;
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S & asséssed b‘,v' measuring the susceptibility of noradrenaline '

dose response curves to.cocaine - sluply put, by measuring

the EDSO value for noradrenaline hefore and ‘after’ cocaine

. such that a ratio of these values would repgesent the shift {

“1 in the dose-response curve.. This is a v:a--on]ryjapplied
| ki method in-‘iucn_studles (€.9. Collis and Vanhoutte, .1?_7(_!‘;
: 1980; »:Hehl? 'e__t al.y

Mulvany et’al. 1980a,"b; Whall et ak

' actlvatian on tng postsynaptic sensitlvity to radrenaHne !

was, also assessed with the use of appropriite antagnnists. v

B)" Is the altered neuronal uptake of moradrenaline and = °
postsynatic sensitivity to moradrenaline restricted to

;artsrial smooth muscle? 2 o ds

- The “influence-of ngnrunai ubtake~of noradrenaline on
postsynaptic sensitivity fo noradrenaline has been most

nidely studied “in arterial’s-ontn muscle. Exceptiuns to

3 o 3 ,V this generalization |s tne stndy by Mulvany et a]. (IBBOb)

wl\o fmmd o changes in uther neuruna\ .uptake or.

postsynapt‘lc sensiﬂvﬂy in nortal ve'n preparatinns frnm 15

week SHR, and a reduced’ uptake of* rad#‘g-hbel]ed -

et nnradrena'Hne |n mtsmbrane preparatiuns a\“‘rtai veins from.
Gt s S “week ‘SHR (Rho ‘et "al. 19815).
Tnerefore, neuronal uptaka of noraﬂrenahne and

i e 7 .pustsynapt{c sensitivity to nora_drenaHne were l!!lsufe‘d in g




the fo]rlom'.ng representative rissues: tail artery o ’
(muscul‘ar, arterial smooth muscle), aorta (non-innervated),
elastic arterial anococcygeus (non-vascular smooth muscle). !
The. tail ‘arter‘y,}urta»l vein and -anococcygeus all recéive a ‘
dense adrenergic innervation: 1 ‘

" Is the altered neur_onai "’yy‘ta_k'e and’ gus}tsznagftiﬁ :
T sensicivity'-ta nigradrenaline related to the blood’”

Pty B s L L

gressur of the ¥ y
Mu'lvany et:al. (1979, 1gana, b). were able to demonstrat:

alteratians in both 6f the ahove parameters in 6 week old

SHR, when the Mood pressure was- still at narmotensive

levels. However. others: (rev1ewed by Vauhoutte, 1980 and

Vanhoutte et al 1980) have detected élevated neuronal -

uptake of nnradrena]me, and an |ncreased po;t;ynaptlc

noradrenaline 'sen'siﬂvitly', only in’ S‘HR with est_:abli‘sneq %
hypertensi'dn. "Studies of “this type have sizmply' compare’d

] 4 resu]ts from the’ SHR mth those from"ﬁe cantrn] : : N

/ : nwmotensne WKY{ it §s assuned that the differences between . ., Er

the twu grwps must reflect changes related (pr\mary or”

secundary) tﬂ'the etwlogy of hyvertensmn in the SHR. Such  ©

a prutoco] may.-be quite madequate ‘because’ it does not take———-,
Bt o e £ into account the questiun af s’uluﬂe straln d\fierences . “o
between the SHR and WKY that may be. tutaﬂy unrelated tn
i nypertenslun. 5 P . LI 3

-To determlne i these changes were related ‘to. the blood

pressure of Lhe rat, a breeding prugram Was mitiated such %
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- that rats with a range of blood pressures, intermediate
between SHR and WKY, were vreduced. With the availah\‘lity
of such animals, it was possible to test the hypothesis that
_functional changes which are related to t_he development of

- . hypertension in the cross-bred rats were correlated with the

2 ; g blood pressure. If the'differences between the standard SHR

<and VKV aninals were not related to the hyvertensive disease

process, then Lhera would be :no cnrreht!on with blood
pressure af the cross= bred ra\:.r & o »‘ "

gica] stumes on the neuronal upuke"of

. ? Pharmacﬂ

sensi:wicy, were L

noradrena ne, and of 1ts postsynapt

N . performed 1n various t(ssnes takcn from these rats at 12-16

weeks and >52 weeks of age.

D. Is'the. albered m:radren'aline uptake and postsynaptic
" semsitivity due to tonic sympathetic discharge in SHR?
To.test this' hypothests, breeding pairs of rats,:-as

_ue'l'l’,a's_the litter, received antihypértens1ve.'treit.nent with =

LN * &-methyldopa. ~This drug was- chosen because its

r L antihypertensive effe‘ct is thought to result froma
g' reduction in sympaéhet(‘c tone. Pharmacological- studies in
’ tissues fy_‘om‘ age-matched ’ireated and ‘untrutcd ruts were

§ i compared.' Uﬂng the . rcslﬂts from. such axperimevts with . SO,

narmotanslve SHR. it was considered pussible tu determ'ine if

the alteraﬂons 1n uptaks oF m)radrenalina and its

wstsynpatic sensﬂlvlty was-essential. tn the devz'lopment of

‘hypartens!on, or -perhaps-a’ sel;undar.y effect of ‘the disease.




S hyperzenslve rats. It $hnu]d

% paraduxical Li ~response 15 re\ated to “bTood pressure, 1t

E. Are glterations in neuronal ug‘;éke activity. and

postsynaptic sensitivity to noradrenaline restricted to-

the SHR model? (i.e. are tuez' model. . dependent?
The effect of altered neuro'nai “wptake in regulating

nnradrena]ine postsynapt{: sensitivity in arterial’ smooth
“To

muscle sensitivﬂ:y has been extens1ve1y studled in, SHR
determ!ne if these bhanges are restricted tu tMs model of

hypertension, another model of hyvertension was chusen for .

SH study. Neurnmﬂ uytake and nnradrenaﬂne sensi.tivfty Was:’

issues from the Dalﬂ sv.rain of

therafure assessed in’

e pu1nted nut that “the: nn'ly

4 study of . these parameters has been for: the-taﬂ arter,y, i

perfnrmed hy Hermsmeyer s group (Hermsmeyer and Ha]tan.

1977; Hermsmeyer, 1981; Hermsmeyer et a1y 198%; Bbel et al;-

1981). . Also'since the reactivity dnd contractillty of "

: isnlated perfused-v.ascu]ar beds from th{s strainiof "

hyp!rtensive rats has.not been reparte udies were

perfurmed “to. determine these parameters and compare them to

slmﬂar stndles performed 1n SHR and HKY-

Fe Is the La:“ in uced mechanica] respon’se relateﬁ't_c‘b’loud

" gressnre? ! 3 .
i The‘ aradoxlcal La —resvon:e is thnught to reflect

- alteratians {n “gaZ* ﬁomeostasn in Nyperms%-ve vessgis

(Go]dherg an‘ rigg'le, 1977). To detarmne if this

was studied |n t!ssues from (1) two. ages nf SHR nnd related

o




rats - (i) nﬁrmntensi‘v_e. SHR (dn‘:g treated) " (iii) Dnﬁ] rats
I(m;rmnvtensivzva ar‘l‘d hypertensive salt-sensitive DS rats) (iv)‘
different straih% of normotensive rats, genetically related
or unrelated to SHR.

Results froﬁ such exvemments would be expected to

g 1ndicate the effects uf hnth genetic-..and blood pressure

luences on the La® -respons Studies 'uere a]so designed




HETHODS ’ K

A. ANIMALS

Spontaneously hypertensive rats (SHR) ahd Wistar-Kyoto
rats (HKV). of breeding age. were purcnased from charles
River Cinada. ‘Inc. (St. Constant Quebec). hve week old’

Sprigue-D“ley and Wistar rats were also purchased from the

~sarie s?inﬂier. Ter nm sa’lt-sensitive (Ds), and salt-

f rats uere pwchased frou

1 o resistant (OR). stralns

Brunkhaven Mational Laho atorie Uptan, Neu Vork USA) and

.,' were rezelved whun' five ueeks old. Tha SHR and HKY ruts are-‘

Uerﬂed from the originﬂ NIH scock ub\ained from the
Japungse hrecdgrs n Kyoto University (Ols_inoto and Aoki,
1963); while the DS and DR rpis are d!iec; ﬁisc;ndents of *
: the stack of animals described by Louts.Dahl at ‘the
Bronkh;ven Lahurator‘ﬁes (Dahl et al, 1962; 1967).

A1l am-als were hnused under. u(n!mal disease

. Tactating nnthersf The . animils were -housed in the animal

3 qnarters of ‘the Faculty’ af i(edir.ine. Memorial Un|vers1ty of

Newfaundland under a1z’ hours 'Iight/lZ hours dark Iv.ghz-.
cycle Mth contro]led humdlty and tenperature. Litters

wers wean:d at ﬁe weeks oi age. .

ie. SHR were hreﬁ for.’ 1gh blood . prgssure profl]es‘ by

s : mun|torinn the blood pressur! of the” breedlng pairs
.1nd|_rect11 “(using the tail- “cuff method) pri_er»to mat!ng.

“similarly, WKY rats were bred for low blood pres.su‘re‘v

62

:umhtiuns. five to"a cage except for breeding palrs and & ;
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profiles. . Rats related to SHR an'&’ WKY vier'e also produced by
breeding the following pairs:- L g
b . N
5 .7 Offspring Parents K
i F SSAR x QWK o
: ! QSHR: x QO'HKV
L ek AR 2 B S QFM (IFp ¢ N
! o e Sl BCp(W) O, X QWKY.a e T 2
: : L ol &Sy £ Ty =
g S e ls) LBF X UQSHR g
: n i e e Qd‘smz :

el B RAT ND* WATER

At a1l tines,  rats had free excess to ‘food and ‘water.
The 'SHR, WKY, F,"Fp, BC(H), BC(S) rats were always fed
Piring ‘rat chow (0.36% NaCl), and rats’ not treated with
antih){p:ert_ensi‘ve dru‘gs-ra’ceived_tap water. ' For t‘he Dahl DS
and DR rats, specially fnrmu]‘atedrdlets containing known
amount nf snd\u; (0% 41.. 4.0%,.8.0% by weight) was purchased 2
from lcN Nutr1t1onal Chenncal Cnmpany (C]eve]and. Ohio,

i U4S.A. ) The pntassium cuntent in the Purlna rat chow was’ 4 >

1.08%, b 16 e ICH diet contained 1.06% -

. Fai, ;
“C. 7 DRUG THERAPY OF THE SHR, WKY, i 3 ety Joe )
Half oF the. breeding pairs: were selected'for " . i

ethy'ldupa, whvic swas very

- antihypertensive tbgrapy wlth» &

s _ génerously nade available by D 0. Dorian at Merck;

Sharp and Dohme Canadn (Kirk\and, Qnebe:) Prior to matmg,




‘,150 mg/kgluay in the dn

lactating muthers 5 cont(nued

the drinkmg water.

_glucose was addedntu improve palatab\lity of tne mix

blood pv:essures 'lwith the tail-cuff method. &ftér setting up
the SHR, WKY a‘nd Fi breeding pairs, fémal.e rats regeived'loﬂ
my/kg (i.q.)o(-methyldopa and 50 mg/kg (i.pe) ;:arbidapa‘ a’n
alternate days (The carbidopa was a}sc donated by Merck,
Sharp and Dohme .Cana&a, K|rl{'1and uuehec)‘ The hreéding
pairs and u1t1mate1y the- vffsprmg, r:cewed &= methyldopa

plus carbidopa, 1n the drinking water. Thelx methyldopa

‘dosage wa§ 1ncreased as necessitated to maintain ,a/educed

blood'pres*s‘ure' from an mna] 7

ms/kglday to @ maxlm

mg uater. On<alternate. days . all;

receive 100 mg/kg (i

.n,f. i

methy]dupa and 50 mg/kg (i.pe ) carb\dopd._ The same dvsage g

regimen was, ‘ised to’ treat.the Titter (frmn 3 to 13 weeks uf

age), but later increased to 150 mg/kg o(-methy]dopa (13.to
16 weeks of .age). Com:rol rats for these exper!ments

‘received vehicle 1nJecmons and ascorbrc ‘acid and EETA 1n

~Theo( methy]dopa ln the, drlnk\ng uater was stahﬂued

¥ w?th ascorbic dcid (0.5 gll) and EGTA- (035 g/'l), and s1nce

the gN ofithe flnal sulutlun vanen from hve to six, 21

v'Drug concentratlons in the dr1nk1ng water were based un the‘ '

daﬂy monlturing of. fluld intake. Thls parc of the study

was term\nated when the' rats uere sacmﬂcgd at 16 wee

age.
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0. MTHEMPVQEMM‘ : w e -
i Tne daily fluid intake nf four groups of DS and DR rats'
(DS 0.3% and 8:0% and DR 0.3% and 8.0% 'NICU‘ was monitored.
These rats were then' subd{vided s‘o‘that one-third of each .
group received, vla the dr1nk|ng water, e|ther the :
convernng enzyme |nh1b|tar MK421 (ﬂso donated by: Merck.

" Sharpe ind _Dohme) or hynrnchlnruthiu{d: (don-ted hy Dr. E‘
Vos: of Cihi sﬂgy. Hlssissauga. unnrio). !

vlnitnlly, dosages were- 15 mq/kg/day nnd 60 mg/kg/dny

hiazide resper.n vely.

K421 and nydrnchlo o

ere. 1ncreased ‘at neekly (ntervals go ualntun tne ‘blood
pressure of DS nﬂ‘.h(n a no[l@tens{ve range; “the final drug

dosages at the ti-é of sacr(fics were for MK421.100

‘na/kg/day, and. for nyarocmoro:nmm.e 400 mg/kg/day i

sacrif!ced

‘_Un’less otl\erwlse stated. all DS and. DR rvnts_,uer'_

© at 15-16"weeks of age.

E. BLOOD PKESSURE HONITDR!NG

The blood, pressures nf hreed1n§ palrs

rats were munltnred using the Indlre:t nﬂ- uff method 4.

iuake rats by undif_qu the pranaure descriqu by ‘Friedman’
ind Freed (19‘9). ‘In this\nthod. systohc rnner thnn

-diastnMc pressures are used stnce the furner is neasured

i with grnw -accu acy.

Unanesthet(sad rats were placed (for X5 uln.) in cages ey
pre-warmed - o appruxintely 300 32°C. The rats were :

p’lic_ed_ in restr_alninq halders and @ tﬂl’-cuff and l19raphcn: >




placed over tne uii. The -1crnphonl was .placed ovcr th:
ventral surfau. over the arez “covering th‘ tail ltery. _The
blood flow was oc:luded hy infhting the cuf! to-:

appruintely 200 uﬂg for ahout 30. stcnnds. Thereaft.

the cuff was g:ntly deﬂatad at a -couunt ntz and the

pressure pulse sounds recorded via the licrnphnlz on-a pr!-

_u!ibrited ncordor. The. mean of four consecutive systolic . :

*.blood- pressuus were recorded for uch ul: l'l.

,The infl atable.

:’Ie:trasph,yglngrlvh (-adﬂ 92) and’ Mograph (mdt'l 2120) T

were ‘all purchasnd fro- lrvard App utu

Di_r_e_ct-hlood prass relents Jof a1| uts ure

:n'He by-femoral artery nnuhtions of rats Just pr{or to

J sccfﬂflce‘ l‘us were esthetis:d with cndiu-

pembarbuﬂ (;unutnlo) at. 2 das: uf 35 mg/kg (i p )v

Anusthat d rns were placad on a hutlng pnd. nnd the

% learn artery expnsel an cannula ed _using pn1yethy1yne g

'tuhing (PESO). The - systo c -and dhstnlln ‘pressures nrt

.fecurded on a ‘Beckman pn)ygraph-(lodtl IRQI “via.a yressuri e

tnnsducer (suun- indel PzaAA)

>TlSSUé REPAMY[OH




The 1so1ated yortal mese teric ven\ preparation “Was set

up as described hy Sutter (1965) FoHnMng ‘|su1at|on nd _

~te’chnlque

segments were pla:ed in oxygenated physiuTogic

phys!ologlcal uffer’ maintamed at 31°C
,95; 02/51 Cﬂz m‘le?lre. The pH




artery was isolated ahd traced to.the origin from the aorta.

This was then cannulated with PE5SQ ing, and perfused with
buffer to clear the mesenterie”arcade of blood.  The .

_mesenteric hed fias then removed from the animal by cutting

the bload vesse]s clase to :the’ intestlne. The mesenteric. .«

preparatian was perfuseé uﬁ:h oxygznated phys1o]og1:a1

tant “flow of 4 nn/mn, dince this

I:mffer at 37°C at.'a con

rate -

nut‘ far frDm the expected superior mesent

o b'lp.nd b

.sit—e was cbiosgn

flon in an adult rat (Kondo et a1, 1979)

fur an. 1nJ=ctinn purta] and, aH injections of vasoactwe
; agents uere made Fn volumes uf 0.1 nl. A side-arm cannu'la
% was cnnnected to a presswre transducen (Statham P 23AA) at a

puint between th: inJectlon slte and the mesenteric bed for‘

the detectiun uf perfus1on pressure. A LKB microperpex pump .

(made] 2132,) was us:d for ccntroning the flow rate, and the 1

perfusion pressures r‘ecurded on’ a Eould Modal 1220 pen

recnrder (c urtesy of ory Td Huekman. FacuIt_y o\" Medic'ne, .
Hemorial university qf Kewfuund'land).

EXPERIMENTAL PROTOCOLN A

Postsynaptic noradrenaHﬂe sensnivity and: |

I3
e age grnups., 6 8

(S) and BC.L(H) <
In aﬁditlén‘ 12 15 e

kv": tac1




: F v ’ AR
In studies with ‘isolated strips of aorta, tail artery
and vnnle tissue mnunts nf anucoccygeus and pnrnlrem, the

procnco'l psed “was ‘to |n1!|a11y equﬂ(brnte the tissues for

"9 minutes at'a regting pre- 1oad of 0.5 ng. During this T {

Hm, the buffer so’lutlnn was reghced every 15 m‘lnutex.
0 tomplete cunulativl dos ponse curyes “to v

nnrldrenﬂ(ne were: deternined. The rann of nnrlﬂrenﬂine

doses used uas lu'ml n 10'5H for the aortic strips, and,
10‘9H to 10% 5H for the renaining Nssu:s. After ﬂiaving L I,
l5 60 minute _recovery par{od, the tlssues were exposed to 4
x '10'5)1 couirge for twenty minupes; A f|;|al r!orqdrennlnne—
dose- -response; -cirve was thel‘\‘:unstrncte’d.‘ From the ..
indfvidual duse-re:donse curves, cne noradrena'hne EDW(M)
valu” were ubtained vbefure and aﬂer cuujne. The ratio of
tha noraqrznahne Ebﬂ,before[ms& lfter was calcuTated. %

In a few cases, the inncnccygeus uscle responded

d1rectly tn ax10°5y cocaine by _ccntrn;ting, when this

»
nccurred thg prgpnrlt(o!l u_asi not gséd as vart of the S -

experinelit. %

stvdies wnh the hi'l tery‘, fu]louing two co-plate dase—

\respnnse curves to uoradrenaline, the :urvas nre repeated

(aftlr a 30 L

nite ru;overy tine betweer curves) fo“nwln! Lol




the additions of (i) 4 x 10-5y cocaine (20 min.) (iij 4 x

' <1075 ‘cocatne and 17x 10°7W propranotol (45 min.) and'(i11)

4 x 10'5M cocaine, 1" x 1

T ‘propranolol and § x 10. ’GMF ik
vestradio'l (30 min) :

oA NS, T B NG, nora‘dre’na] ine. is a'm‘ixedvc‘x and’ B drenoceptor L

t, experlments snmmarlzed \nrtahles a‘ﬁ‘d 5,1 ,ue:;‘e L

remova] from the biophase) that could dlffer in I:he

NKV. The d of prapramﬂo] used (Mas l X5 10 7M since this

uextraneuronal uptake of

“and sm. 1970 sm




aorta ‘and. tail artery and whole tissue mbunts of

anococcygeus and portal- vein. . ‘:
-Nhér,e studies were'performed in.the Mcéregor

preparatwn (McGreqa% 1965), the tissie was perfused at a

tess © Thereaiter a

W (4 m'IfIMn) for 20 min

constant’f

nurhdrinalxm ose-re ponse curve was determlned nhen the

dose:of aguni st had term\nated and the

> response tn a sing1

jon pressure had returned to cuntral levels,

: b'asel'l“ne pei"f

‘the next-'dose of agnrn st was,I troduced

ollow1ng a ZD mlnute recovery per'lod. a second “dose<.

response curve to noradren 'Ilne Was determ!ned, fu]]owed by

; cgrves,to seraton{n (5HT) and nhenylephmne. In add1t(nn'to

’ perfused mesenteric heds is6]ated” from-DS and bR rats,

P I B, W I mesenteric preparatwns

HKY rats. L E

studies, dor
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3
i The ‘tissués were obtained from'the following rats at .
; b
: three age groupsi- i \ -
SHR, WKY . L i 4 1
" SHRy HKY, s Fps 05, DK, e S

- SHR WKY; Fq FZ, scl(s). 50, (H)5 . Spragiie-

arix SHR ;- Wistar & WKY, DS

'vDawl ey, Wi stan H\

>'I”n addition; ti s—ees—uere also ontnned from 12 16 week ¥ ¢ o

_old SHRL WKY and Fy- mantained fron birth on &-nethyldopa:

J theraiyy and Frong: weekwld\\l::/ﬂn :DR rats maintained on
‘MK421 or: hydrochlorothiazide bherapy. . . G sl e,
o 7 A s g - i .
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<
1. STATISTICS

The EDsp values were obtained by graphically
" :ﬂcuhting thg concnntration of: agqnlst producing 501 of :

u:s mutmum respnnse us|ng ‘the method dcscnbed by Flem1ng _>' .

et al, 1972 e
llhere indicned. results are expressed as the me‘ -
) cat’uland ilt.h a Texas

1

star dlrd errvr of the iun {5.E.

Ustrunnt 1155 :11:uhtor.' statisu:al sign\ inances ver:'

determined by the use of the Student s t= tast (nne-hned)

Lor anllysis of ur!ance (ANOVA) as nutliuﬂ in the {sPss)
“manial by Nie et 2L (1970).. %\j Scherfe test of
_-sign‘lﬂun:e was. used 1n :ne Al{ VA procedures. uiffer-nces

e t- test or ANOVA were :onslﬂered tu be signifﬂ:ant 1f
LR R

col\pari‘son of groups nf data) as -gn as'a Studlnt"’s t-test

(for a- co-pan son of t.vn particu’lar groups aof dua ‘on whi cll
“an AKOVA would be perforned) were calculated. inis s a
* .Vs:atisﬂcall

by: Hallenste(n et al 198 ).~ -Hmnever. 1t ns dulmed

o re-enlnate, (_

m s:rnns “of - rats. For 6-'p tson with

uest\nnable anq]ysinq method (eg. see review, -

74 .




nalysis of the dats obtained ° _

And for 2
greateér strain selection, ANOVA tests were
" performed.. T

bl VR o RS

L TR
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DRUGS AND REAGENTS - o B B

( .
Calcjum chloride d\hydrne (CaC1,2H,0) . J.T. Baker,
Phil psburg. N.J.

——D:xtrose (anhydrnse) Nuhesen, Coleman and Bell, Norwood,
10.

cnmne (ucx) BHD ‘Chenmicals, Montreal. S S

’Ascnrlnc acid, Flsner s:ientiﬂc i, Fur Lawn, !lew Jersey.

ﬂ-estradiol, S!gn Cheniéals, St Louis, Mo.
Ethyleneglycol=bfs-( -aminoethyl ether) N
EGTA) S‘lgma cnemcns, St:. Lau(s. Mo

& hydr ,vt
Che; !ca'ls, St Lau S,

e e s &0t B Isoyrotercnol HCl Sigma Che ica'ls. St. Louis. Hn.f

Lanthanu- chlor'de (LiCl;.THzD). B.D. M. cnemms Ltd.."
Pon -England

Phenylephrine HCl (_L'-,for- Stgaa o
édta{slu- chl’nride (KCI)




RESULTS

study |
. Blood Pressures of rats used in Study:1
The bl ood :;rossure's of the rats (male) used are shown 2
S intable T.  For :M‘s part of the :tudy; rats'of three age -
--groups were used. At ‘the" iqe of 6 -8 weeks, the blood

" pressure trend for ‘the 'rits was WKY. = Fy SR Wi e these,

are_not siﬁniﬂtantly different by the analysis of variance- 2

ere fs a significant difference (E <o, 05) ,

“petween the ‘SHR'and IKY. Tn the rats with established
hypertension-the trend for the blood pressure to increase
with age (6—~ 8 weeks £0 12 - 16 weeks to > 52 weeks) is
stond ficant for the Fy and SHR rats.’ a1z -Hl'ﬁ“,ue,e_lis ahd "
3852 uuks the Fy, smx scl(s) and (“1(") in2.52 weeks . y

e unly) nts all Dave a hiui:r bloed pressure ! than the

corresponding age- hed ¥KY ratss The individual blood, '

'Annssur!s of ‘the rus uerorconvernﬂ to nean arterial

pressures and tnese va'lu!s ‘are sunrized dn nble 2.

Flctors‘_ffectﬁg nnradnnaHne ose- resgm\se éurves'
—Mies ¥ith cnc.inl. nronnnoh’l and estndhﬂ.

In order to- determine the uptlm‘l aose of couinn

: r:quired to cause’ a maxinl leftnrd Shift in the dose.:

respl_:nu :uyv,g. the effect f nrl us dns.s on thn effc:t of -




In this (and-aTl subsequent studies), the" anavling
r}nethodo]ngy was emp'luyed. Following a control dose -response
curve to the agonist, the tissue was exposed to cocnne far

. 20 ninutes. = .In the }esence cf cocai ne. the jose-response

curve was, reveaced. From, these :urves the agnmst 2050 (M)

: was :a]culated for the ‘tissué ,r’eswnse botn 1:; the absence

=
the absence ‘and presenc: of - cocama nas used m the ik

‘the rat\o, the Iarger the 'shift.) 1n the dose response curve

irve-for

HKV .

bsig f(cantlxy reﬂui;,d whe

perf med i

and presence of cocaine, wﬁbre the maxnnal tusue rasponse "

~This dose

-by EDSU(M) . the presence of cocalne) such that the grenter ok




T cunves were pgr'furmed in the presence' of cocz{né were not

fuv‘ther s|gnif1canﬂy Mﬂuenced by the addition cf either

5 propranolnl or: estradm (tahles 4 and. 5) in’ ti

WKY and ‘SHR. - In'the ‘SHRi therewas

an-s':gm cant effect “
k esti‘ajd!n]y.gh dded to the Teftuard hift 1n t.he dose=""

cuca{ne treated::

= o Furchermore, the Eqﬁc for nuradrena]ine 1

59x

tan on untreated ukv (7 A x 10 '3

te y str‘ps

= O lD‘BM) was'nat signif:cint'ly dvffer:nt frnm the ED50 for
i arter_v strws frcm treated va o

- I tai

ar‘tery strips from; contro'l

.and g




: results of - these expur'lmnts with’ pruprannlul’and estridiol '7 o

addition of estradiol lnd/;wr nrupranolnl did;not fur’ther

al:ar the Ensa of. nnradrenﬂ 1ne, in th: presence uf cv:aine

in tissues’ frol cantrol and truted SNR (table 5): The

gl}res ! in a,. Durinn the caurst of these

ne -aximu- (|n %

'Wr prapmnaw!),(ﬁgnr,as ST

t|ssu:s frun untreated HKY pnd SHR' coca!na caused [ hftuard

shlft in the dose- respons: curye “that-was' not altered by the- in?

.further mdxtlon: af nroprum'lnl or estrldlol (tibl. E)’, !n_

Nss\us fron 6- hydralydopili ne tr:atef WKY- ‘the raMn fnr)the 0




ey

4 ors nf!uencing ghenxleghrin dose- resgans curv
E . ‘ ‘tlssuesm.um SHR . gt Tog
z » 3 i 4 %

i The next seri

phenylepnM ng “17_

he abr‘ta. purta] veh\, taﬂ irtery

o o anqcoccygeus frum ‘qeks,o'ld uky and- SHR

* cocaine did nut alter the. maxinun resy
Cn WK tnble 7): or. " $HR (tlh'leB)

Also




: ; A
8.3 x 10 H (ilsa In the absen:e of caci{ne)

h:se vﬂuas are s;austtcal'u diffurent (P < 0,1; tab'le

vstatisnnlly signiﬂcant. A signifxcnnt trand for a
o greate.-’EB

ratio -m.u lncrusiwy(ﬂaod pressire uas

e ev!dent fn_.tiﬂ'nrtery str!ps from 1z - 16 vg‘ek old rats. A S
~“with the urder of the upnke 1 nct1vf(i, 1ndel (EDSO rnln)
’bewg SHR > BCy($).> Fy > acl(u) > WKYS The EDW valie for

y noradrenallne (1n the ahselce' f- cnca'nz) is similar to the
Tues reported by Webb n al- (1981) for SHR (1.0 x 10'7H)
.and’ HKV.-(B o1 X ll)"al() using 14.to 24 week nld rats. A"

: gruMca\ ¥

epresentation of the cmp\‘ete_ﬂ“;-r‘z_sp:onsé SN

4 curus far nor:drenlline “in tai

WKY m SHR “and’ NKY ‘15 "sho

[~artery strips: fron F-and

in f1g’ure§ 5 and 6 ..




‘week ol d -gs

si-ﬂar expui-ens were perforned in: lsuhted hssuzs

frol 352" week old rats, 1nitia11y using nn'ly MKV. 131 ind
SNR (nble 18) When )52 ueek old: Bclls) anc Bcl(I) becale b

avaihb’la about

HKV. Fl' SHR nc (S) and B

¥ 12 -.16 week 0ld rats (ta‘vle 17) No clear trends 1n age-

rehted sznsltivlty chcnges exisud |n tnl other t|ssu=s

studled (tables 16, 17 and 1B) in tan artery ,str(ps fro- o
the 332 week old- minls, 3
BCl(S) F") BCl(H) > WKY~(table 18 and I!). Ihe etfect of

e EDW ratio trend was SH{ > ‘ *e

cocaine ns signifiunt -on- the Ehsn value for nnndrenaline :
when the results from Fis SHR,._ Bcl(si and BCy(K) were
colparen tn WKY, since the EDW for. nondranallne ns :
“lowered to a* grunr extent in thz Fl' sun. ncl(s) and
scl(v) ta!l “artery str!ps (table 18 and 19). Ess,euthlly

simﬂar results.to thase nere aht’rlnad uhen por; Fal ve1n and

lno:nccygeus muscl es from >52 week o'ld rats: were meisu €

far nuradrenaHne Ensn and 1vtty to cocnne.‘ Agaﬂl.

th; urder of the EDgg rat(a in thase tuo tissues was SHR ) 3
Bcl(s) >-Fp 2By (W) - (tahlevU and 18)y




The currelauon :oefﬂcients reht‘ -mean. nrterh]

pressnre to the naradreul!ne ED50 ratio. in tall artery, s

‘v‘portﬂ vein end anncoc:ygeus fur 12:¢ 16- eek ‘0ld nts (SM
Fij | HKJ. acl(u). BCI(S) -and >52 weak ol rats “(SHR, Fy - a__nd
WKY vith or n1thuut BCI(H) ind Bcl(s)) ar

'ginn in tab"le 710t
% (and‘ 'I'Hnstrated in ﬂgures 7 to 12). There/ns 'R N ;

sign!ﬂcant correlation betveen mean” arterfal’ pressu(! and

EDSO

tﬂf in tail artery str(ps from 12 - 16 weeks and >52

week old. animals ln tha cise of the 1ater gruuv. the.

: correlatian uas 1nproved when “the data from the uc,(s) and

BCI(N) rit. uere nc]udbd. for the portal 5

anococcygeus (F ( 0.1)'the correlatlbn His also signihcan!; 1 % iy

1n the older- grnup of’ anlmls, and “in® this case. tn

corre]atlnn coeffjc1ent edu:ed “when th: data frun ac (s) Sl

: and scl(u) ani-als were hlclllded.

NTTHYPERTENS IVE nismiiur

At R L E

Grnups of SHR, HKV a

F]. were treated with a ' s e, Y

"
combinaton of 100 ng/kg\x nthy'ldnpn and 50 nq/kg carbidopag
‘per day. ‘The blood pressuus of these rus, and "aged--
matched cnntrols are sllnwn 1: tibl: 22, At the time of .

sacrificz. th1s particu]ar group of " untreated SHR “had a

s‘lgn(ﬂcanﬂy greater blood pressure than ‘a slmilarly aged
,s\"o_uy of 'SHR (12 = 15 1 ear
j (cable 1) Possﬂﬂe ema ﬁans for this.

nbservntion lere that these anmals ver: part of .a ne-l,y

purch_ased sgqck,,,and add!t!ona_lly,‘ these and. all" the animals




.effgct in’ NKV

'teffect on’ the ED% for nnradr:nal'ne, and-there was no

'used thereiftgr, were kept under nin!mn d!sease,condi\{ons.

When under minimal disease cgndit_ions‘ the rats dave]uped

Tess respiratory disease,-had 2 better- overall external

.apuurance, and showed less vulnerabﬂity to the toxlr. 2 o,

eﬁfects of” the penzobarbnal anc’ct!nn.
The antihypertanshe then Y was nithout siglﬂf\:lnt

nd Fl rats hut the Mwud pressure lourlnq £

effects of the drug comhi ation was; slgniﬂunt in- SHR rats,

’ such. that the trguted SHR:. rats had nnly a noderate but

ressure compured tn treated
‘these: treated
F‘ nnd'lllv, coc.

difference for the EDsn betwun the various groups. of

_anhals. “Unlike the mnrkedly elevated »ondrenﬂine 2 " ‘.'.YA

o sensiuvlty uf _aorta frol Fl rits recorded urHer (ulﬂe

'16), the nuridrtnl”ne sensniﬂty in this group-of 12 =.16"

vnek nId Fl rnts was not different from ‘WKY and SHl values X

Ly vy

¥
i

o (table 23).

: sensiuv'tles. in the: absenc! or presenc
:not affected hy ant!hypertensive trutment of the ra
‘(tabl 524 and 26) The 1efturd stts mthe duse-

i rgsponsb [urns for/(ndrenaline in the yortal vein ns

” simiiar for tissues/from WKY F1-and SHR’; “and were ‘not -

: Cocaine did reduce the nnridrenal(ne EDgg vllues fur

"nnradrenallnz h! the porn’l vein and anocucr.yg:us fro- uxv,

Fy and HR (tlbles 24 -nd 26) Nowever, the nondreniline

of cccnne 1




]

altered QK'—ueth:yMupa therapy (table-27). - Similar results

'vera four;d 1n'the ay.écuécyqe;ls {table Zf’); houevgx—. unlike

ha results 1n table 16 tne mgnitude of - the EDSU ratfo's
vin the anocnccygeus frum th:s: groups of rats were- mrk:dly
reduced. I

/- :In nﬂ,’rtery str(ps frol this group of-12 - .16- neks
nld WKY, Fy and~SHR, cocune also caused. a reduction 1n the

noradreann: EDsu ; nnlffer.ted by u--ethyldom

alue tha?

treatment (uble 25)

Tha 'Ilrgest :

\uas for tlssuzs from SHR (znso rlfh: af 3.5 4n :nntral and &

2 uthy‘ldnpa :rnted rats). - S[,nﬂ_ar to the trend in fable 16,

this ratio ns s1gn(ﬂuntly greater than the value obtained. .

1n tissuas from WKY, w1th the vﬂue ln Fy tail artery strins
N dntermedtate (nh\e 27) %

studi

Blucd pressure: ints used’
Dahl (DS and DR) "rats uerg subdinded 50 that groups of

DS and DR raceived nne of thru diets ~ connining 0.4!.

i
15 ueeks,of ap!,(after they haﬂ racuived the diet fa'

or 8.0% Nacl by ue'ght. These rits “re sacriflced at
210

: neek perlod) lnd theh- blond pr:ssur:s at the tin: of

su:rlfice are shown |n nble 28, The hlcod pressures nf the.
1 zed1ng the rats diets’ rish/in

DR rats were nnt chmged by




gnif!cant blood pressure e1evat1ng. :
=(table’

Nacl, while there ‘was a E
il : _’ " effect gf the 0. H 401- and 8.0% Nam dlet in DS rat
28)

S
The bloaa pressure rese wlth 1ncreas\ng amou t

Exper1ments s'lmnar tos thnse discussed fn sr.uuy it were .

.alsn performed in- aorta, purtal vein tail artery and

anncoccygeus from BR and DS rats fed 8 01 vgim. The dose nf_

cocnne used was also 4 x 10‘5M. and -the .same protnc, used *

s'inl earlier stlrdxes. " The. results nf these.studies are

summarized in table Z9Z. ¢
: 'The noradrenaline ED’50 in“aorta. from 8% DS and DR was.”” :
not,di fferent, and cogaine; had no significam‘. effect on’ the'«

dose response curve fo. naradrenaHne 1n chese tissues (tahle

9). In the uther Hssues used (portal vein. anocnccygeus
nnd tail artery) there were al 50 no. d(fferences 1n the Euwv

for nuradrenaline when tissues from 81 DS aud DR were

oonpured. ‘Cocaine did cause a leftward sh ’t in. the dnse'- ) &
resyonse curves 1n these thrae t{ssues, but: the EDW ratia

uas s1mﬂar for tlssues fru)n DS and DR rnts (table 29)




. phenyi’evhrine and serownln (SHK) ali causeﬂ increas:s in

perfusinn pressur! (figures 13 to 18). “The pressor effects
‘of doradrenaline were slmi'lar_for prepar_ation_s from.DS. and -
L DR, 4nd ‘¢id Hot differ when 0.4% NaCl Dahl rats (DS, OR)
vvwere cumpared to, B 01 Nacl Dah'l rats (figures 13 and 18)+
;Similar nbxrvatiuns were mada wnen pheny'lepnrine and 3

serntonin uere used as the agonist. A The properties of the,
,per(used mesenteric’ beds from 4 week o'ld and 12- 16 m.-ek olde.
T WRY. and “SHR ‘were also’ cmmared‘mth noradrenaline as Lhe
agonist (f1gures 19, ‘and .20). Id_entica’l dose-response’ curves'
{weré obtained for perfused beds. from 4 week 014 HKY. and SHR;
"Qitn'the threshold dose and’ the ‘maximqf pressor response'
“being simﬂar for both beds (figure 19) In perfused beds
Vfrom 12 = 16 week old_HKY. a;\d SHR; the thresho]d doses: were
:again not s1gmficantiy' different but the pressor r&sponses
-uere significanﬂy greacer in the SHK (at apl duses abnut

0 1 g’ nnradrenai'ine) (figure 20" S et b= waoh

Relaxatinn of aurta from‘

vThe relaxation bf anrtic strips frw H Naci fed DS and
DR rats was studien} by initmiy perfurming dnse response

curves for.papaverine in aortit strips precontracted wlth 1

X 10 5M nnradrenaiine (ngrte 22) The Hssnes from DS and
DR rats were equaiiy sensitive to the relaxing effects of
papavzrine. wlth the. F.Dm for the,rehxant béing about’ B X %

. _10'5|1. Experinents were aiso j)erfnrmed to uetermrne if the

f: relaxatiuns were. different in aortic strips from: D§’




.nd DR, .nhe\- in the* lhsdu:e (figure 23) or; presunn
? (ngre 24) of 5'x ln'5l1 papaverine. TM: ‘was a1so dnnc hy

: the rnu of relaxation for iortu frdl DS’,and DR did nol
'umr (flgures 23 and 24). RO A

- Study 3

: Blood g'renurc of rats used'in szuai

- (SR and WKY), 6 = B'waeks (SIIR HKV., Fl and le and n RV

‘} rats |ncrnnd with age fron'4 nuk: to12< 16 weeks, ih”l P

" the dif

; 3 studhs. Thn l(snr

blood . nrnsure nf the lusun X uu z

Anit1ally precontracting the tissues -itl 1 % 1075K e 2 u:
noradrenaline. iMIa papaverine did reduce the time

rlquirid to relax these’ tissues in a Krebs washout solutfon,

; Th|rtnu strains of rats were used M sudy 3. Iib]i 2
30 shovs tht blood pressures of the SHR and WKY ran. III¢
the rats derived from the blck cross breeﬂni uf these two'

pnrent strains. Thn,rats were sacrificed

4 weeks of. aul

16 weeks of age (sul nv. Fis Fz and lcl(s) and BCy (W). - e
Theére were. sig-{ﬂclm 2ge and sex related di "lrencls

in bload pressures. h| general, the Iﬂxd pr!ssuns of the

the female l'ﬂs ﬂnys had-a lwer blonl pr:ssnra than the

male counurnart (uupt |n lhe lZ - 15 week 01d HKI 'here &

ln:cs were slgniﬁunt ?thu 0 I level) (ub],e
/Female. ucl(s) nnd BCI(H) wefe not n:ed |n theuﬁ

).

at uns o-used to prodn:e th!

folluwinn oflspr'nr- \ﬂSTAl x Sﬁl And WISTAR x IKV. The




J
f
|
£
|

stat!stically dlfferent frnm the parent stra'lns

Yhe Mnod n‘ressure of al’other normuttnswe strain, the
Sprague Dw Tat: (Table 31), did not: d!ffer from: the

¥ Histary HKV or- WISTAR x, HKY - rats elther. On the other h(m@

‘the" WISTAR: X:SHR had 2 sigmﬂ:ant'ly hign:r pressure than . 5

the H|star’_at (tahle 31) but was; sigmficantly Iower than:

the smz rat (table.30)7

\ Dah’l [N a;ld R raés were a1so used m this. study and

22) a]so provided uoré‘c t3 ssues fur this uurt of the study.

also 1nc'|ude ‘the bloo pressure of .0, 4% .and 8 08DS" and DR
frats treated wi th KK4Z1 or: hydndc mnrnthnnde. Both e

treatments were effeche in reduch\g\the b 0 d pressure of

84 ux DS ratsy’ | uhlle Tittle effu:t uas seen #n."th other
pgroups of rats ’except 1n ,the n.4§ DR uhere;MKdzl reducgd tﬁe
* blood pressure (tahle 35), By S e i

Dumulative dase- esponse curyes to"(l.as“" an‘d‘H“"‘ wer

performed Jn aortlc rdings. From 122 16 wesk

© and HXY and these restJlts are H\usrated in

26: respcctively nhere the La response 1s expressed as a '

“The K-methy!dona ‘u‘eated r‘ats dsad in studyl (table !

and ‘their blood p>ess res age included in tab‘le 33, uhh‘,h ,'~

~




ﬂepjndent |ncrcise in tens!on ln S

tissues frol Slm .am! WKY only (figure 25 and 26) The Las‘
respnnse ns a]so uhserved in 4 ,'d 12 X

-6 “week SHR, ITlV Fl-@z and (BCy rats. Tlle Lal‘“ response

week o1d, 6 - 8 nek

(mn ‘expressed as. @ percentag: of - the tlssue response to l
X 10 5!1 naradrenaline) \us alnys greafest in nssues from ] *
sun, and_increased wlth the age af\j;anhnl (tab € 34),

H\e Las’ response IIIS not s’lgnificantly d1f1erent 1n 'aortﬂ: i
i hen these v{ere complred
order of the La"”

respunse :

hydrqch\wothv x'ldl) on the La Tesponse’ ns a'lso stud1ed.

and the"results' a e summr(zed n tqblz 35,/ s, e

Annhyvertensi-ve thluvy of DS nts aanshld the Las* i1
0.4% DS and 8.0 DS, unm = methy]dnyi tnernpy

renq.mse 1 n

did nnt sigmy(canﬂy affeet the Laa' ﬁspunsa 1n SHR. Fl
and; HKY - ah]e 35), ; S ’

Hhen thz Lla* respons! was-expressed as:mg tens(on nzr

ng wet u!ght aor!ic Nssu:(espnnse there were no °

NG




- signifiunt ige re'lated ar strain rela ed difi:rem:es unhln

the SHR, HKV md relned rat' (nb]e !6, f1gure 29)

The LA’“ response was absent ‘in Vistar ¥ and Spugue-

-Diwley rats. (table 1), but pres!nt in SNR xHistar-md Wy
Hlstar rats. ‘These responses &ﬁ! the SHR x H|star and HKV

’ x Histqr were signiﬂuntly ﬁfferent from the respvnses
: nbu1ned |n SHR nr WKY enhnr when expressed as’a percentige
',of the maxﬂnal reSponse ‘to noradrma]ina (table” 34) or ‘on“a
“mg tension/mg wit weight basis' (table 36). Table'3g -+

susmari zes the noradrenaline (1 x-107°H) response -(in.a. mg .

:ensinh/-g tissue wet ueibht basis)” for some of the'rat
strains used -in_ ‘study 3. The nuradrenaline ;Esponst so

3 i exprtssed nas aluays Ionest in the“SHn (at an ages) and-in

the 12 - 16" week o’ld group of rats,. cnc order of the

E »’noridrena'line response was WY > Fy o> BCy(s): F2 > SHR >

2 sl‘y.n!ficlntly greater res;wnse to nnradrenaline than tlssues

| “fron SHR ‘(table 36), while response ‘in tissues frog HKY and
[T T Dstar xHKY wers ot different” (table.d8). ;

= ; ' The resu]ts for the regression a_mlysis for- ghef:an

'} arterlal pressire versus tnz La *.response (expressed as a
percent of the tissue response to 1 x1075K loradrenaline) ¥
is suumurlzed intable 39 (and figure 27) for tissues from,

3 e HKv, SHR, Fy, F3» BC,(S) and-BCj(K)...In the§ - 8 yeek o
1 . .group and in tﬁe 12 - 16 week. - group. the c\orrelatlon HE
i :Acoaffh:ﬂn{ is significant. yhen the results from WKY, sHe

and Fl rats are combined. unne this correlation is not

BC (u). Aorm Fings frof SHR x Histar deyeldped.a G




f1gure 30).  The correlatrn wefﬂcient f/- both’ the La
response (nb]e 29) and the nuradrenaline resvanse (tah‘le

:.39) was greater ‘In the lZ - 16 weeligrnup of rats (flgures
27 and' 28). ; :

3




Bioml pressure (systullc + S.D. Idhstuli: o s.n )
: ._ of rats used in' study 1. )
Rcsults zxpreSsad as -ean xS, D. of 5 13 ant-als.’ and

were nbtaﬁlgd fron femnra'l lrtertary cnnnulutlons of

pemharbitn anesthet"se

-7




" 68 weeks.

105% 8

" 252 weeks

S

113118

¥ dlfferant f;‘o- corresyumﬂn hlood-
yeeks of. ag by Student t tg it (P <

gressur: at 6 -







) §-.B;in'eks' Bt
8452

Lo

Sign. dlfflunt le ag
“ Test). (P < 0.05 )

b -..;ign. dlfferant from ag
_Sch s Test). (P <0 05)

different froi .,cnrrespumﬁng 6 - 8 week meaf -
prtssure by Stndent t est ( 05)
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Dose response curve for noradrenaline in tissues
from treated 12-16 week old WKY. Experiments
with antagonists were performed using doses of 4
x ln'sl cocaine, 1 x 10 7m propranclol and 5 x
107% estradiol. The mean of 8 experiments is
plotted (standard error bars are not indicated).
Rats were treated daily with 6-hydroxy dopamine
at a dose of 250 mg/kg (i.p.) for 4 days.
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Figure 7:

Regression analysis of mean arterial pressure and
the ratio of noradrenaline EDg, ratios in the
absence and presence of 4 x 10754 cocaine. The
results are from portal veins from 12 - 16 week
old rats. Blood pressure values are given in

mmHg (1 mmHg = 0.133 kPa).
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rr_«yper‘tens'i'vei

‘tv*lz'wee'lés 6? age unua'rds."’ Hhﬂe thefé were d1fference,s in

50 mmHg on\y Jin the 12 LG ueeks a
Imal grouys (tab]e 1 pagg 95 )




. studLed at oﬂ]yn one. .age; (15 weeks\ e‘ld), since nraim;aining

the 8% DS be,yund this was never successfm. When cumpared
““to age’ matched SHR, both the: systolic ‘and” diast_o“c

B pressures in the B‘Z’DS were: mark‘ed1y'e1e\late‘d.' eyen tho\ugh

5 the pu]se -width was, essenﬂa]‘l_y unchanged (tables 1 and” 28, :

Hhen a neu gro P of breed!ng ‘rats; were

pages 95" and.- 151)

group are’ h1 gh'(y 1nhred anlmals th ,.orme,.; ve control In }

‘both groups (MKV and DR) had' blood pressures 0t - .
§ signlﬂcancly different from the n’rigma] parent stralns e : i
(Histdr and Svrague Dawley) (Mu]vany, 1983 Rapp, 1982h)
These rasuus are summarued ll| tables 28" and. 31. pages 151 L o T

and157 SR TR ;

The breeding programme used int v.his study (to: praduce

'affsprlng such a FiFa, and Bc an1ma1s) is

used 1n studles to. determme the ggnenc contro] >

_HKY bload pressures, and then nempt to correlata

A successﬂn use nf r.hls appronch has been repurted

. anima].




Tarterial pressure of SHR and Wistar-Lewls related animals

with sympathetic nerve activity. However, as discussed

- later, the fortuitous, choice of, the Wistar-Lewis control by

Judy et .al. (1979) may exp'li"l tha el:e‘lent l:nrrehnnn

tney reported- e

started 1n utaro, aml term|nate¢ nt sacrtfic (12 =16

neeks). Tnere is current\y a great dnl of. ev|dence

'snpporting the ny;\ﬁthesis that alyhamnthy'lqopl exerts 1tx
__influem:e primrny via -a central action where alpha- X
“methyldopa um‘l_ergu_s,hin_transf}:rnt,ignv:‘o m-tethyI ;
 norepinephr ine (Heniing and van Zwieten, 1968 and De Jong,,
1977y uhere"»‘it‘ activ’niesqz-idremceﬁtc;rs wid thereby. .

g redm:as uso-otnr tone. Alpha uthy!dopa was used in tMs

- study*m prefer.ncc to nther antihypamensiye agents becnse

‘of ‘its abﬂity to reduce tone <in blood vessels by reducing 4

L yupath ‘11: nerva-tnff\c uctivity.

To prevent the




. drug’ suluticn tn physiolog!cnl ranges (at neutra] and basl:

CpH va1ues. ‘the drug sulut’lnn uas found ty no'l_ynerue) T % i

pooNx respn\sﬂm taot methyldova (Tomanek et al 1979 Spech d 4 ]

= :oncentntfans of betwe

Tt treitlent schedule nuthned in the ne:hods pruduced #

3 twel(e ueeks)

g:z}mpa‘vr'eﬂ"tg
SHR.

Aagents. < s R s B

239

$ pel:ipheral- decaboxylation of methyldopa in the rat ‘is

considerable’ (Porter and Titus, 1§63), its inclusion was

»cqnside’;ed-'ess’gnnal since an early attempt to control the

blood pressures of SHR in this»study was unsuccessful.- This

perhaps was rehted to the absence of - cnrbidoya 1n the .

‘.treatnent, as wsH as-to. the adJustunt ol'the pH uf the .

980; :Sen et al/1974; Nagaoka et al. 1967), using drug

,5 and 8 grams per Htre. Ibe‘j

slgn f1cant vedu:tions in bland pressure of the SHR {when

compared to untruted SHR), nhnugh the ‘treated SHR d\d hue

Vhigher blood pressures when co-pared to: nnrnct:nswe contrnl'

WKY rats (nh’lz 22, page:139

Nu'(vany et al.

lSElh) -ere

2 alsu able to slgnificant]_y redul:e the blood. pressure of SHR

by treatmgnt uith 5 hydroxydopal\ine on alternste days fnr iimi, ey

Recent rev(qus uf the
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further support to the concept .that mechan{sns unrelated to
renal defects could efther initiate or ‘maintain. high blood

¥ _pressure in the DS strain.

i) A ssessmg gtakel Yo

t al 1979 1980&, 1980!)
.1980 Hhall et al; 19’50). “The* shlft of the

i 1981a, Web! nd Vanhnu:te

19793, Webb,_et

e’suinn‘g from iptake.1.

noradrenahne dose wesponse curv

‘Nockade uuth cacawne was evaluated b,y dividing the dose of

nor‘udrenahne which produ:ed 50% of the maxima] .respanse

-4&"(ED$0) before cocaine by the ED50 for noradrenahue in the*

ﬁresénce of-. coca1ne. Th(s method “has the radvantage in that

both ‘the uptake and pnstsynapt ,. sensitivity to

] noradrena]me can, be measured« n the, sarie tissue.
. An a1terna:e methqd is tu directly measure the tctﬂ

:rate (ov amount) of accumu'lal:inn of 3H noradrenallne |n

1951b) ui\e“this methiod is .

g- Rhn et ~a1 IQEIa

. used;.

veral drawhacks shau'ld be reaHzed for 1nstance,

the.. :ontractinty “of the ussue is known; and the
ﬁreparathn‘nut nn'ly contatns nerve endings but alsn ¢

% art r1a1, venous. ‘and’ conneche nssue 50, thnt neurona1 and

‘extraneuruna’l uptake (tuta] uptake) as waﬂ as t|ssue

2 Mnd1ng xs measured.. Furthermnre -the prohlem of the arigin

+of the

erve end1ngs, “arterfall or: venous, s unkﬁown. s

synaptusama] preparatiuns, and to, compare these in SHR and L




v

far as can be detérnlned from thaulvitératur

t‘he 1nd1“rent 9
method does pronde qua'litatwﬂy s1mvhr resu’lts as’the )
direct method uith £ noradrenalme when the: two were

5 cnmpared (Vanhoutte. 1980 Hhaﬂ et
vma) 2

980; Collis gt al.

noradrenahne (lab]e 3y page 99" ) 1n tissues from: boih' smi'

Cand WKY. " Using this dose ot . cocatne, Webb et 81.(1981)

observed a di‘rict ffect of "the, uptake 1, b'locker most cf

which: was due to: release af endegenuus noradrenaﬂne 1n ¥

& | their” helica'l stnp tan lr:ery preparanon ;

2] ssues . Hebb,

ndlrect éffect, of cnca1 ne.was greater in WKV

and Vanhnu\‘.te (‘1982) Iater reported that the ahﬂny of

i

aine to re'lease endngenuus naradrenaHne wis most readilyv

. demanstrated wH:h a; dose’of 1ox 10"‘11 cncame. “even thoug

severa'l ntherr wnrkers have reported a llnlar resu!t wit

lwer (range of ERES 10'7 tu l x IO’EM) _ocaine doses e

reviewed in tab'l'e 1 of Nehb and Vanhoutte, 1982. The .effect

Hnwaver. this‘ =




impulses is Tonger a,tvlyu. %requencies,‘ the inhibitory effect
f cocaine on uptake 1 was evident. “Confirmation that

uptake 1 u_iérinh(bited during. nerve depolarization camé from

the obseryation that cocaine had no effect on-contractions . ‘

ke : , produced- by depolarlxation of the preJunctmnn ueubrine

wltn high potas

:‘. 47 e The extraneuruna! effe:ts ‘of. cocaine ren!n n

. ; contentious jssue. sin:e,severa_]_ ‘authors have nrgued for
5 v bqth’ a‘ipte-._a_nd, past;;iuﬁcg:i_unfl effect:of the uptake l_v

; 7:1979; Kalsner and Nickerson,

. bTocker (Kalsner, 1976, .19
X 1969;,Trelgdelelibur‘g (_1973) and references. pherein; Kaxue]l F3AW -
Yoo ai;d'Eckh'ardt (1973)" and re‘fere;es therein). Houevar, other.

.‘ - reports indicate a negT(gible postsynaptlc effect of cocaine *

in slooth muscle prépanhons using -a dnse ranga of 1.to 5

x ur5n (.9, Wyse, 1973, 19765 Rnlenlcx et al, 1970; Cohen

‘and \H'Iey, 1977; Kaiman and Shlhata. lQJB 0!Connor and ’ .

he presant study," as

: s’lner. 1981. Cohen et al

'menﬁoned before, a mximﬂ 1th|Hon of uptake 1 was found . °

5!1 eocainl was used. Two,

‘to ‘occur unen a dose of- 4 x !

groups of exveriments 1n this studx demonstrate the presencz |

of. nnl_v minima! pnsf. ynaptlc cocaing ffaccs. First cqcaine !

did not: affect the noradrena]ine E050 In tht non: 11

» aoru (tahles 16 W 19 page 125, tn 133), nd secund, y

1s ot ‘a. substrate fur uptake 1) n any of: tﬁe tlssual L ‘.

n1mals (tab]es B to; 15. pales' “m 3

norndnnaliu




'response ubserved in some Hssnes ‘did not show iny age or
strain selecnvity (tables 17 and 20) In fact, ‘Webb and
_\Ianhautte (1981) have demonstrated a greater indirect effect
of cncains (release nf endogenous nnradrenaline) in. Hssuas

frmll WKY (than frDm SHR) 3

f in addnﬂm to a]teratinns il

eivab

hﬂe wehb and Vanhoutt

‘uortic strlps from SHR.
= _Hehb et al (1981) suggested an lncreased extraneuruna]
uptake of" nnradrena]ine in’ taH ‘artery. strips frum SNR,
However these: suggest!dns were specu]ative. since -no. e i

experlments were perfnrmed. fnr instance. with an uptake 2

) -Iﬂacker. ‘The resnlts _fpthe present stmty 1nd1cated ‘that,”

ot 2% T2 at 1ust for the taﬂ artery str1p i’ the presence uf

ncaine, propranolol (to antagonizep adrenoceptor %

“uptake z) had: na;

m han1sms) .and 17 estradw'l {to anh

eff!ct on the noradrenaH e’ dns: raspohse curves 1n t\ssues

ST from SHR. and WKY {(Fhgs. 3 to's, payes,lax t0.187).

PR L e resules of Whall et a1 (1980) a5 indicated noi i

\
‘SHR and HKY. Usmg

‘- difference In both the’ rate and “extent of uptake z




.and’ 14%"frwn SHR vessels,” and that the rates of :
extransurénal uptaie were sinilar between WKY &nd SHR (2.0
4and 2.4 flnul/vessel/m-ln resp.). (tab]e’nl of Whall gt al.'
71930) On'the nhner ‘hand, " the ve'ssels fron SHR had . a s

urona'l uptake of 3y noradrenahne. v

greater :

'The 1mportanz hnding 1v| this partto

no. s‘qnif'xcant differences 1n the ED‘;,0 rauc “for.

noradrena]ine, an -{ndwect measure of neuronal nptake ;i

»acti vﬂy, were nated in-non- arter‘la'l smooth muscle

ipreparah ons __from 16 week: vld rats” fron the iarious

hypé‘rtenén'te 'strré'in Since. ‘as Table 1 Inuvcates. ‘the Fl'

BC (S), and S' 3 ficanﬂy Mnher pressures t.han the

‘.altered uptake 1 and post nctiona] sens\t(vlty ta _

'noradrena'lme at least as’ determlned by- the prss/znt

‘exp! rmenta\ protncnl, are rmt dé!ectable at tMs ear1y

vstage of - hyvertensinn. except n tha tail artery vreparamon

from the SHR - related rats: A correlatlun betvleeh ﬁAP and

the ED_;,n ntln was ‘thus' nniy noted for the t.aﬂ nrter_y

preparation (Table Zl, paga 137), (ﬂg &./ page 191)- In ‘_

‘cuntrast. M t“he ) 52 uezk grwp, uptake o activity, as

25

he study 1s thac




anrta irom the Ec animals is not s;gn”icanﬂy d1fferent
X : EDSD for £hé SHR “and WKY

rats The Hssues (exceyt thorac:c anrta)

X 10'3»11 For tissies: frnl\

the B.P.:" SHR > Fl. > MKY 1ndicat1ng that the a'ltered Ul

activ{ty in arterm .and non= arterm smooth’ muscle occurs

on]_y in very old hypertensive “animals (Table 21 page i37-)
‘The: data, from BCI(S) and BC; (W) animuﬂs of the > 52

ueek grnup dnes nnt cnmyletel ﬂt w{tl\ the data‘from ‘the
SI(R. .Fy-and

on

for th(s d1screpancy.' First!,y, the data from the > 52 week

i re 3 b'erfo}-m'ed

nr'sginal studies wn.h the SKR, Fl and WKV

thls bung necessuated hy the hree-ﬁng prugram ami the

difflculti ‘in ohtaiMng suffinent numbers of. age—matched

anlmals of each train at,the _same: .time s The dlfferences

may represent subtleitechnical and. éxne‘
resu]ting in ‘the" ol!served‘greater adrenerg(c sens1tiv1ty of

Lhese tissnes. “In part the datq frum thv. aurta argues

against tms‘hypothesis sinte the naradrenanne Enﬁ) fnr the< :

from ;he nnradrenaline EIJE,,J for the SKR. Fl and’ KK\' rats f_

the sanle ‘age grou

aile artery strw ‘s simuar to

¢ fthats reported by Mebb and’ Yanhoutte' (1981) [apprgxlma z!y 9 ’_

6 “ion; h vld SHR, HKV and \Hstar

*this more sens‘ltive to noradrenallne, havinq an ED;O

awroximntely nne centh ‘af :hat of tissues fram :amparahle t

SI{R. F1 and HKV. Secomﬂy, the resu]t

mental differences; ’

Furthermnre. the repnrted nnradrenahne ¥




'd}fferen'ges b“twe's‘n the' SHR and HKV"from"t'hé differences in

AP, anhwgh again it should ‘be uoted that noradrena] ine
E\J50 before /after cnca1ne ratw for the BC (s) and BC (w)

ri{:s daes', wfth the excepnnn nf the anococcygeus, tend to

/’ﬁ bety en those, of- the, SHR and Fi aud Fl and WKy s L N
tudles uH:h these B {and perhaps ) ekl

pecﬂver. F,urt
(1 N BC (5) % Fl' BDl(S) xSHR. BC (u) X HKY or ‘BC (W)

yreh ctians were tsst

1 adrenerqic 1nnervat|n

noradrenalme and other (x adrenaczptcr agon{ t This nas

tn: present. (tables 75 B. l6 18, 19 and 23)
1970 Hallhack et al’ 1971)

Tnot the case (

“or ather (e (4] 1neschm1dt et
studies, and 1s discussed Hter

sbauld shoy:an e'levated sensmth toan &=

under "truyhic Fa:tnr s')

adrenoceptor aqonfst whnn is not taken up \?\uptake §

- This A, also not: nbserved in: th: prcsent studles. where the”

porta'l vew, tai
by 52 weeks old SHR‘and HKV (tab]es 70 14’




_u-adreno:eutar sensninty is. alter:d - nyp:rtensmn.' The
resnlts from' the tavl artery vreparation (tahle 18, @

page 130) -ould argue agnnst this.

Yhe secomi vosslbiht,y concerns the- prannce of

postsynapu:anyvlocateaD( adrenaceptun. itflulated'by

'1983) . So far it hls not heen pﬂii‘b]l -tﬁ tlun‘_l‘y

r lco]aﬂiclﬂy charlcterue thun receptors, in

preparatinn. Thisoﬁz-adrenocaptnr effent chu]q be
'yreatar in 1 ssues. fram SHR. Untﬂ th: prusem:

“z-adrendce‘plnrs can be- :learly dennnstnted in ntro. t.his

hyputhesis remains tope: tested. One can spuwht

that the altercd D(-adrenucevtur-opented ulc’éul chinuls in

SHR des:rlhed by nu]v ny. and beorg (1980) ‘are related :n

-the pnstsynipt!eﬂ(z-adnnaceptnr, based on_ the obserutlon

“by ‘van Meel et al (1981) who dnmnstrnted thct the zon c

_companent of the vascilar respnnse to” nnndranahne could he

{ -ore effgcuvely lntaganized by yohimblu rehtethz

adrenuceptur intlgonists. R b Rt

o The results of the present study are " general

sensltivity nre only.elevate,

16 weeks” nld). Simlhr Conclus(cns uar'
and hnhou!te (1977 1515 1980) as i esult of. dita i




2 noradrenaﬁne sensit{vity 1n the sparse'lyvlnnervated~femera1

0, resistance vesseWs, nnereas, Jn the presence uf cnca\ne. the

" portal vein prepar t(on from5sHR and HKV ‘and reported nn E

" anococcy geus

2 uptake 5 cnanges are not generat change: occuring 1n

’ innervated smnoth mus,ﬂe but:are

',‘exposed to the elevate

‘.-nerve-n\uscle in‘beractinn prevents the " increased vascul\ar

‘-case with endugennusly re'lensed nundrena”ne 1n situ, then

.
% lncz_;eased peri pheral res'stance in SHR‘

- {ricreased vascular sens\twity tn endogenaus noradrenaHn

. ,Mulvnny et' aL(l?BOb) have reported changes |n noradrenaline }' Al

sens!ﬁv;ty ‘in the mesenteric artery preparation frun bntn

young and old SHK but fa(led to denmnstrate cnanges in

noradrcnaline sensitvity of the tai1. arter‘y from SR was." -

demonstrated .to he Mgher than,

hat frnm age-magche,d 14 week
19806) heve

old NKV (Mu]v ny et

:932). Mu\vany et ar,

11 s0 cnmpared uptake 1" aCt'lvity and A sens1tiv|ty in the

differencés betieen:the two gr) 5.t deast for the 1216
week gr"ou‘rn, The nresentrresu]ts with.;‘!he,pm’ta-kvem and ™

Tom thel 12~ 16 week group are thus supporti‘v Wl

of Mulvany's ‘work and are also suggest\ve ‘that, elevated

ned to the reginns [
S

B.P. "!

The present study ‘Indicates that the. vasnular smooth

mnsc1e,sensinvgwt‘y'Ts.simﬂ.ar in t!ssues from SHR and HKV

rch‘en uptake] is nperatioﬁ'al‘. [herefure the‘funcﬂunal

sensitiv'nty of SHR from peing expressed. If: this ere. the ¢

changes in vascular senc ivic,y could nnt contribute to the'

A rn]e for ‘the

in affecnng peripheral resiytam:eds ev!dent hnuever s!nce

<



T the msk‘lng eff:ct of nptake 1 1s partig'lly eliminated in

qlvo. Inhibitlnn of uptake 1 in_vivo can occur by .two 3
"mechanisms. Hrstly, uptake- 1 nay be saturaud by high

levels of - norndremltne rﬂ!ased in both HKV and -SHR vassels'
(u value of Oel tu 1, D/JM at the 1ntima1 'surface has ‘been )

Thus atx thresho!d doses of 7

? norldrenaHne. uptake l wou]d stl'l'l be uperatiunal lhﬂe at

¥ hfgher cnncem:raﬂhlis (e g..at; znso vulues) nzuronal uptlke
unuld be satnratedw and effectively renoved. Secandly. hused
. 1977 and Webb et

> on. the. observu{ons of Bonlclorn\n

al, 198! and- dls:ussed urher in the |ntrndu:Hon of the

- thes!s. uphke 1 |s Inoperatwna\ dnr|n§ dewolarizauon uf

1ncreasing B.P. |n tl\e SHR Thus, Nagatsu al. (1976),

using plasma- dopa.ine B- hydroxyhse (DBH) as.an 1nd1cuor of

noradrenaHne re]ease. report that chere 'ls an elevnnon of

ol S sy-pathetic attivuy “in 3 ueek old SHR but nnt in 14 ueek :

614 _SHR wnen com ed to mtched HKY; furthernure,.thu.

e‘!‘evgted VDBM ac vuy was pv‘hnﬁly lssochted u1th ‘the

jejunal artenes and" arterioles of thl SHR, ’

at ige these dlffarencns -are.

ot statgd i_Y:




- prepl tion. .‘

251

..Conceivably, this. altered pattern of

"inn&&ution may exph!n the elevated uptake 1. achnty of -
th! SHR (Her s

!yer, 1976 wHu'Ivan,y et al. lQBDi. b,._

Vanhoutte, 1978; Webb -and v.mmune. 1979. and-Whall et 1. S |
’1980) : k

LIt is argued by Hnlvany t il. (1979) that since they

y detect, -fter ‘uptake 1 !nMMnon, an: clevated

postjun 1anal se sinvﬂ,y to- noradrennl‘ln: in mesenteﬂq

\«zsse]s from ,voung sHE/(E—v ‘eeks) 4than this .grgate i

3 “1fs as I\as been suggested (see
A V’anhout’.‘t! et 2

i 1950. Hehb e't a‘L 1981), the e!uvated

uytik 1 acrivlty is a. cupensitory Qchlnis- 1n the smt‘ 5

X -herehy the nerve - tcmina} ittelpts “to: decrease: the

'post;un:tmnal afVecn veness af released r&radrenallne, then’

an alevated pest.iuncn onﬂ

sensitiviTy o NA in: the SHR

'shou‘ld be seen in the non-innérvated thorac'!c aorta

It is apparent tnat this js not the case,’




By UL sAaLnLaLsuds U aﬁupuo a[:uu[ ncus p[nDA uuu:uauu;

&5 B aa.mds uun lassan e ua!n ‘A':uuusuas a kupuou

puw l!;;uumﬁ auquam u![nasu ® paduLaAap ‘(A)IH .m) zms

Lo xaan ‘91 2140 Aaqmeua ks aq; o:uu pa;uv[dsuu; u;an " R

(¥l JO) AXH p[o yBBNTZ . mou saua Je “n ‘sa;pnqs 3s3y3 -

'.v‘ul ('['BEI) “‘“‘s‘“aH I’“E l“V.P"F (‘95'{) 'l.P 75, 119qdiie)
Kq paquasap uaaq anq qmn ‘Jaqulqa a):a .mua:ue IR

: oz sauaq.m lppno ;u 'sauamuadxa uonuuvldsuwz ss0d0 3'41 * oy




= »tn: result of genetical]

¢;nethy1do;i‘ﬁafled to zlt;r the dptake 1-and EDgD
'chi;agteristics -of SHR,’ F1 and WKY smooth muscle:
-preparations: ({ables 23 to 27 pages 142 to: 149) These
.rgsu'lts snggested that ‘the elevated uptake 1 of* SHR abserv!d
in tail-artery. str(ns uf 12 -16 ueek old. rats was’ pes bly

determined propert(es and ‘not

setondiry to tha eluvated b1 d pres:ure or: 1n¢rai d

Since o~ nethyldnpa decreased sympathetic traf

also be:.

. v!thout affecting the uptake ahnornal|ty, it m(

253

= concluded -that ;ynpathctic activjty vas.not é;seqt\al to the. -t

abnoraality... However, ‘ather ‘mechanisis’ could sti1l be.. .

:aperative and have cuntributed to zhe hyyertens1ve ,u
abnnr-ality. Antihypertensiv: thernpy in lhe SHR nay silp1y
- have masked the expressiun nf this abner-a\i:y as an -

1ncr‘:ased blood pressuré. -

uscle preplrations are

Since. thc changns in sndoth'




There is @ dearth of information regvding the rn!e of.
structuril ndapntlnns and changes ‘in cnlcium handl‘iﬂg by

i vuscular smnoth musc'(e in this part(cuhr strﬂn of rats._

and thus these factors. considered by ma

~factors (nﬂuencing vascular reactivicy (see Folkau. 1982

v‘ were. comparad in DS and DR rats.

1he presant study-clearty indicnes that :be neuroual.

s ac:uluhtlop of . no Id aline; and the undarly!ng
: sensltwity of the s.onﬁ:’uuscle cells were both Nlnnul'
fnr uscuhr (aortl, portal: vein. nn

v;scuhr (inncnccygeus) snaoth muscle preparaﬂn

The chro otrnyic rgsponse r.o isoprenane !n rtgnt

atrh |snlnted frnl DS and DR rat hearts were si-'hr

adre! ceptor responsiveness nf :ardhc tissugs fro- SHR ¢
(sumariud by Vanhoutte ;_t ﬂ 1950). s
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: vascular hed despite the large increase in b]ood pressure
"(fig. 13’to 18, pages 201 to 211 ) Takash\ta and Mark (1978)
~have shnwn that at maximal vasodi]at1on. the hlndquarter ] )
perfusﬁun pressures of DS.and. DR rats are identical. Thus,
-both the resuqts of -this study us1ng the lso]atea perfused
'nesenterlc bed, and the Takashita and Mark study 1ndicate
'that struttnral alterations in the vascu1ar bed are un1|kely

o ) be a contr(hutory factor to thé

etevated pev‘iphera'l

‘resistance in tne s rat.

: :the adrenergic neur@effector interaction undergbes a Iong

“term adaptat{on in- the blood vesse]s of* hypertensive

anima st (Vanhnutte. 1980) jthe - results ‘Of  the ™~ methyldnpa §gET

study in SHR and the:

ahl rat, study where there.was a trend

duced uptake 1 unulﬂ 1nd1cate that neuronal’ mechan'sms

in the ,HR are possih]y strapn, nnd not’ b]pod gressurei’

» reIJted effect ¥

3 re1ated to ‘a.

‘* from ‘the-

rnﬂihypertenslve and normotens1ve
.he ahi!rty

precontracted t(ssues




7
e " vaseeilator.  Previous studfes in the SHR (Field'et-al, =, - [

axatfon - o

19725 Cnhen and Berkawltz, 1976) Md'cated that™ re
rates in- the SHR* nere recarded when compared to” nurmotensive ) 5 TS

A controls, suggeshng that-there was .an' abnormality in the

‘ S abﬂity nf vesculer smooth musc]e from the SHR “to sequester o

: or outwardl,y pumb intraceﬂular Ca This hyputhes!s 1s i

% supported by the reported decreased ectinty of vascular

g contractﬂe prntelns were slmﬂar at: Teas for t.ﬁe‘ f.hu‘r_néjc ok

‘aorta: (Fig. 21 to 23, pages 217:to 221).

HhHe there apgeared to be Htt'le erference 1n smonth

muscTe sensv 1ty from DS:; and DR, LS h 'pothes‘ls by Bhustnn

. (1977) uould argue: for alterations in cah:ium re9u1at1on by e F '

‘snfooth musc’le from DS. ¢ The experiments of Tuhinn et al. %

i s (197%) confimed the presence of a c:r:u'latmg factor m :

the p]asma nf n rats capable of aholishing the sodium®

gradient acruss smooth muscle by: acting on the snd(um-pump

*Blaustein 77) suggested that nhen the tnternal sodium o L




5 s < 257
increased is supported by’ studies demonstrating that the’
i thnracic aortae from the DS rat, but not the DR rats.’
resp»nded mechan!caﬂy to-Lad* » ur_an Jincrease in

_ext(aqe_ll\{lar W concentration (table 34, page163 ). - \

bl'ood 'pressure. The s1gnif1cance
on the re“snx’:’n‘se\to 133 which presumalﬂy reflects <

) alterations in the (:a2+ bmding/nermeab 1ty properﬂes of .,
the VsH:. membrane. to the e]evatlon and . ma'ntenance of B. P.
1n the DS rat has no yet been‘determned. It 1. of.

! {nterest to: note ‘the absence f the resyonse ta La" in

A aorti issugs from the DR rat s1nce the Dahl rats are, 3
f‘_derived from a Sprague-qawley source» Aort1c txssues frnm
Sprague-nawley rats - a'lsu favled'tu respond tofLad (brvesen_t

: stu\u).'

geneti malysis \of“the. respon;’iyeﬁess to "coba'lt




"hypurtensﬂe ‘to normotunsive revealed ‘a similar max|mn 3
‘com.rictﬂe response to the Jdn
"concentrat(nns of Coz' houever
% the SNR and Fy.. anin,ﬂs than |_
g :Iaboratury, ne Inve observed that tha response “to 002’ in

“aortic tlssues from the SHR is not a:co-nanled by. a p||
“fo e(ther Ty

: response to Lad¥ or H*

that this phenopenon ‘is se,coq_da‘ry to _the nlse. in bloud

- pressure : Ra"pi; (1982;) shgg‘este’d ‘a correlifion between: the -

“such as ‘Co?* Vl‘n‘d’ 155

p 'Hnur correhthm butwean the tnu plrineters uere deriyed
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Aexnlbnlng a partial dominant |nher1tance, and appeared to_

be a contnbunng factor to the increased in8.P. (Rapp.

a l982n) The ‘study qn the sensH.Hity to Cn " on tissues

fruu animals with a range of blood pressures frnm

The respon ; eness 0 !ow

3 tissues from: -

the DR rat. In our.

change and Lhat aernc f.lssues fron the DR are unresponswe

‘W Thus the response to (:o . may result ¢

frn- dH‘ferent celluhr changes than those’ thn suwart the 2

to La:“

Slnce the. resyunse qu ubsent ‘in-

| prenypertensive and nnrmotenswe DS rats it" may be :Dnc]uded.

blood pressure the altered” celluhr m chinisns uhich

resulted in mechanical respol

to non-yl(yswlugh:ﬂ Ions

5 Nouever. Rapp s abservnions ‘of a.




- of ‘the strain of the cuntro] normotensive rat.
g presem.’z of 2" Blood pressure independent response, ‘as

A'"“ NKY- of all three lge groups, and a l‘!spnnse which < -

i.respnnse lo be” gruter in the Fl and. Fz rats than In the WKY

259

control (;Vudy £t-21.1979). When the gen:ucally appropriate
HKY strain was used no cnrre1ation was ohserved {Hendley et
al, 1983), 3 . . { v

1t is :nnce!vahle‘thit the relationship between the

3" response and‘ h'lnnd pressure in the SHR may reflect a’

vslmﬂar sltuatinn and may be: Mghly dependent on the: choice

Jle anﬂysls of .the response to Lad* indicltcs the

|nd|cnted hx the slgnifinnt “tension development recordsd tn i ‘

increased .ﬁs the, mun blaod -pressurn of. the~sHR group:

|ncrease4 whh age 1tab1a 34, page 153) Ths .rés'ponse to.
34

observed in:the Fl'

7 and HKV animals alsn 1ncreased

>'u11;h age: nnd !heru was a non-s1gn|f1cunt trend for the.

rns. anever, the, response to La3* in: ‘the Bcl(s) and” T
xcl(u) rats was nntrslgniﬁcantly “different from WKY rlts.

A nolpirison of tlssues fr-o- male-and fznla SHR, WKY; Fy

* and Fz at both S -8 and 12 -:16 weeks indicated that zne

'«chraMc nntihypcrlenswe tl\erapy u!th« methymowa rsduced
'Moud pressure of
a3

'innstiglt{ons in our ‘]abo ator,

magnltnd! of the respnnse tn Ln was not sex-aned- e : AL

HR, Fy an HKV but did nnt affect: thu
resbonse in;tissue

rom, thdse ra'.s. Dther

'nqi:aud tnnt chrcmc

t(-ohﬂ treatnent ‘(rn- cenception (Goldber\g and Triggl:.

_x917) or hydrucMorothixiﬂe treatment (Cnrbett and Triggle; - o o




_ unpublished), did not affect the response to.La* in SHR and

WKY." cleur]; the response to La%* cannot be‘:_dn-sidere:d to

be a -distinquishiﬁg feature of the. SHR '(snmu et 2l 1973; "

Bohr, 1974\:). ‘since’ tha WKY-also have the genenc
characteﬂsncs deterﬂning the response. %
Hhen the naxtuum tensinn ueveloplnq capaclty of* the

. t1$sues frun the vnrlous groups:- of rns was canpured the $

tissue that decreas with: the |ncrease ln 8PS of the

'an1nals (fig 30, page 235’_ The decrensed :qntractﬂit,y of
: VSHR vascula;ure has been discussed |n the 1ntrudactiun
section of the thesis (pige 1009~

ts, DR" and Wistar Fats did ‘not

Since Sprugue-nnley_-

sunu a re’spunse“tn La:“. {hen inclusion of these rits in’ Fl.‘

Fz etc. and backcross” breeding experlnnts 'au'ld be upected
tn improve: the correlatlon between the response to Laa‘

blnud pressure in smz related -n(nls. An nxglanaﬂon for

this 1s that in, the SHR and WKY. derlv-d crosses. b oud

4 pressure is nat the,sale determmmg ‘factor 1n Lhe response

260




3 :
ln summary - the study of th: sensitivity of aurth:

tissuas to hnthanu- de-onstrates that Hssues rom DS, but’

not DR, rats made hiypertensive with salt d!ets develop-a -

. “paradoxical responsiveness to. La“' Ihis response ‘to La

Y secnndiry to- the devaloplent of the hypertensiun and the

r:sponsc can be preventad by zontrnlllng the d:velop“nt of

the hypertunsion with evther hydrocl\lnrhthin(de ur tuuzx.

‘ genetical'l.y re tad q ima'ls. has hun shnwn to reﬂect an"

enaHna. Thl ngnitude ﬂf the noradl‘!nal!ne

responsivcness is correlated negati-vely and s|gn{finnt1y

an 1nv=rse relationshl to th! algvated blood pressure of
the r-t andis unaffected hy pnrtully cnntrnlhng the:

devehpledt -of hypertenslnn 'lth(x-nth_y'ldcpa :henpy. _Triis"

upl‘as ‘that -decreased noradrerraliu: respcns!v:ness

rtpresents a pr!lrry geneticﬂly dete nad defect of vsn

rn- the hwertens]ve rats. ‘It is apparent’ tmt the choice
of the :nntru'l norlotansiva strain of rat uﬂl greltly

¢ |nflu=nce the’ |nterpretahon nf U!e results and, hence, the

slgniﬁcance uf he f1nd|ngs
in tnz SH

) v.na ntl 'Iogy'nf nypar!ension




Hhen SHR and HKV are. cnmpured, many’ d1fferem:es, )

ot d. In’ this
“and: HKY :

‘1nc]nd1ng a blnnd pressure difference, ar

¥ thesls, three we'll defined differences between SHI

were studied in relat!on to hypertension (see objectlves of

P che theSIS) Three’ ap taken ‘exaniine these &

5 changes' a)‘j by des1gn1ng a hreeding program t0 p uduce -

-,anima\s wh.h a spectrum of tﬂuod pressures (rangln i

in lnuther mode'l of genetlc hyDertensl n~

salt sensitlve rats and c) hy pr,nduc1ng 'normotens1v .

e1ther 0z 31 or 8. 01 dietary Nac'l. Therefore, medla




; -b’l;;'gd‘ vessels to noradrenaline, “This increased sensitivity. ;

-sensltivlty were, noted when DS and DR were conpnred.
" do ! nnt qccur in the Dah1 model qf'hypertensiqn, a_nd_ cannot -

1 ér s,t_im\natcd)’ between DS;|and, DR‘..” On the wther ‘hand, it was

; r!gnrdless uf <the b'laod pressure, ‘since it uas unaffentad by N
'nnt1hypertans‘lve trennent nitmathywopa. %

s |ntracellu1nr caleium, This ‘Was: studied by £x mining tha L
_rats to the m:hiniul responseé to lanthanum.. La:" has bnn

g mumhrme bnund"hz‘. which- then interacts vnh the:

* uf‘ ‘blood-vessels frgi s)mk.'ca:n ‘nnly be. shown in vjtro when - 3

the influence of upnke 1 is elinimted. Similar ‘studfes in

Dahl rats showed no_differences in. uptake 1 nr noradrena’lme

Clearly, altaraﬂnns in vascular 0( adrennceptur sensitivity

be responsible fD_l" the difference: in b100d pressure (résti

‘ev‘idnntl;y eas(si‘ c"o'c'o'rrelaté f;hé riean .arterial pr;_e‘;si‘gr" «

SNR imf rehtcd u\llals to uptgke 1. rather :ha't; to %

differem:es in post- syniphc e(-ndreno:eptu(sen ivitys
However, this tendency fnr sua and rehted animals l.o have s

:n 1nnreased neuronal uptate uMth lppeared to be presant

A
)

" Another uachanis- tnuught to.be yresent in vess.ls frn-‘ >

nypertens*ve animals is an increased- senshivn,y to

respunse of aortn from snk (and related anl-lls) imi nalﬂ %

suggested. to vroduce a, cuntraetna sponse by disphcing

cnntrutﬂe machinery, TMs rtspunsa to La"H ‘15 nrelc r |n P

tissues from SMR efther hecause tissues fro SI(R ‘have:an




= fre- SHR, and the nsponse to Ln

intrugl’lullr ca?? nns similar 1n ‘aortae from DS Ipd I)n.'.
_- uhﬂe an 1n:reased brane P! uabll\t,y tn Caz’ occured
_fsecondary to; faading S (and not. DR) with dicts rich in-,

.sadf«l. Novlvt n a colpdriso’n of - SNR ta HKY ra 't"’A.

: espnnse —tq La “per ge is not increlsed m snk. ns has~ heen
‘, sugg‘estqd h_v othc uorklrs- Rather. 1 rcsults fron a:

essure; and thn uspoqsa to
LN thanu-. rcdu:ed poradrenaline respnnse of anrtae =

3 were nvt affected by

53 mtihyperunsln'th.ra The results ‘of the study also

Vsuggested r.m. the WKY rat. wbme nor ensHe. IISII 3

1ﬂg ‘the rcspnnn zo




“designed to aniuer the'quc’sﬁbns'

rused earHer in thp dfscusslon of the objectives of thg..

thESIS T | mmar_v of tne nbservuions fnnn'

:reised un'ly 1n very nld SHR.

ats with blood prassur:s betuen SHR und HKY luvels y 4

. _' threa uge grnups stueieﬂ. s For tlle porhl ve1n and
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